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nPEAHCJIOBHE 


HacToaman Kroira cocTaBjíeHa KaK yaeOHHK no 
o6iuhm h cnennajibHbíM KypcaM «PejiefiHaa 3amw- 
Ta», HHTaeMUM Ha aJie ktp o»HepreTwroc khx <J>a- 
KyjibTeTax BTy30B. 

B COOTB€TCTBHH C 3THM ®eCb TeKCT pa36HT Ha 
ABe aacTH: oóihhh Kype, HaSpaHHbifi KpynHUM 
iupH<|)TOM, h Ao6a'BJieHHH k HeMy a jih cneuHajib- 
Horo Kypca, HaSpaHHbie neraTOM. 

OÓUíhS Kype C HeKOTOpbIMH AOnOAHHTeJIbHblMH 
KymopaMH, 3aBHcamHMH ot eneuHaAbHOCTH, mo- 
JKeT ÓbíTb T3K>Ke HCnOAb30BaH AJIH APyTHX (})a- 
KyjibTeTOB aHepreTHaecKHx BTyaoB. 

C Apyrofi CTOpOHU, HeKOTOpbie H3 BblACAeH- 
hhx aacTefi cneuHaAbHoro Kypca MoryT CAyjKHTb 
noco6i;eM npn ahhaomhom npoeKrapoBaHHH cry- 
AeHTOB, He aneu,HaAH3HpyiomHxcH b oójiacTH pe- 

JieiÍHOH 3aiUHTbI. 

TexHHKa pejieHHoň 3amHTU 3a nocAeAHae npu- 
MepHo ABaAuaTb a«t nepejKHAa nepHOA cBoero 
SypHoro h nAOAOTBopHoro paspHTHH. 

B HacToamee BpeMa b npoTHBonono jkhoCT b 
TOMy, hto 6 hao eme othoc HTejibH o He TaK a^bho, 
OHa cTpoHTca Ha snojiHe HayHHbix Haaanax, 
h 'ĎOAbuiHHCTBO ©CTpeaaiomHXCH b »efi 'npočjiew h 
OTACA bHbIX BOItpOCOB MOJKeT 6blTb IípOaHaAH3HpO- 
BaHo pacqeiHbíM nyreM. 

■ OAHaKo Ha3HaHeH'He HacToameS khhth onpe- 
AeAaAo ee MaKCHMaAbHo AomycTHMbiS o6T>eM h 
xapaKTep HeoĎxoAHMoro Marepnajia. H3AOJKeHHe 
b Kypcax pa3HOo6pa3Hbix cnocoSoB h AeTaneň 
pacaeTOB, npHMeHaeMbix npH npoeKTHpoBaHHH n 
anajiH3ax pačoTbi 3KaruioaTHpyeMoň 3aiu,HTbi, He 
A3AO '6bl B03M0JKH0CTH (|)HKCHpOBaTb BHHMaHHC 
H3yaaiomHx Ha ochobhhx, npHHUHnnajibHbix bo- 
npocax h hx AocraTQnmo rnyfioKOM aHaAH3e. Ilo- 
3TOMy b Kypce rnaBHoe BHHMaHHe oópameHO Ha 
paccMOTpeHHe npHBHHnHanbHofi h, ccah TpefiyeTca, 
(j)H3HHeCKOH CTOpOHH OCHOBHbIX npo6jieU TeXHHKH 
penefiHoS 3aui,HTbi. 

no 3THM JKe npHHHHaM B Kypce HOHTH He 
Aaerca onHcaHHň h aHaAH3a padoTbi oaeHb 6onb- 
uioro KOAHaecTBa KOHKpeTHbix exeM 3amHT, bh- 
nyCKaeMblX pa3AHHHbIMH (})HpMaMH. 3 th exeMbl 3 
ČOAblHHHCTBe CBOeM OČJiaAaiOT TeMH HAH HHblMM 
HeAocTaTKaMH h JioaTOMy He MoryT paccMaipn- 


BaTbca b KaaecTBe oť>pa3uoebix. C Apyroň cto- 

pOHbl, C 3 MH (JlHpMbl AOCTaTOHHO aaCTO HX MOAH- 
<|)HUHpyiOT. 

BecbMa nojie 3 HbiMH ajih H 3 yaaiomHx Kype (oeo- 
6 eHHo npH npHHaTOM ero nocTpoeHHH) aBAHAHCb 
6 bi npaKTHaecKHe npHMepbi pacaeTa ochobhmx 3a- 
ih,ht, nonyrHO H 3 naraiomHe paA AeTanefi caMoft 
MexoAHKH paeaeTOB. BBHAy HeAocraTKa Mecia 
9 th npHMepw s Kypce He noMemeHH. B AanbHeři- 
UieM IBOI 3 MOJKHO HX H 3 A 3 HHe OTAeAbHblM CÓOpHH- 
KOM. 

Kype COCTaBAeH KOAJieKTHBOM, npOBOAHBUIHM 
npenoAaBaHHe Kypca penenHoň 3amHTbi b Mockob- 
ckom opAeHa JleHHHa SHepreTHaecKOM HHCTHryre 
hm. B. M. MoAOTOBa (M3H), b cociaBe M. <í>. 
KocTpoBa, H. H. CoAOBbeBa h A. M. <f*e«oceeBa. 

M. <J>. KocTpoBbíM HanHcaHbí rAaBbi V, VIII 
H IX, H. H. COAOBbeBblM — TAaBbl III, XIII H 
XIV ' h A. M. 4>eA<>ceeBHM — sseAeHHe, rAaBbi I, 
II, IV, VI, VII, X, XI, XII h §§ 24 h 30 ryia- 
bh III, § 17 raaBbi V (npHMepH cxeM 3 au;HTbi) 
h § 21 rAaBbi IX. OTAejibHbie aacTH KHHrn npo- 

CMaTpHB 3 AHCb BCCMH 3 BTOpaMH. KpOMe Toro 

A. M. OeAoceeBbíM npoBeAeHo peAaKTHpoBaHHe 

Bceň pyKonHCH. 

MaxepHaA h MeTOAHKa ero H3Aoa<eHHH b oc- 
HOBHOM C OOTBeTCTByTOT npHHHTOMy H3J10>KeHHIO 
oómero Kypca, HHTaHHoro b xeaeHHe paAa Jier 
BceMH aBTopaMH Ha paaJiHHHbix 4>aKyAbT€Tax 
M3H, h cneuHaAbHoro Kypca, HHTaHHoro A. M. 
OeAoceeBWM Ha ajieKTposnepreTHyecKOM (jiaKy.nb- 
TeTe Toro *e HHCTHTyTa ajih ctyachtob, cnenHa- 
AH3HpyiomHxcH b oĎAacTH pejieňiioň 3ammbi. 

OaHOH H3 OTAHaHTeAbHHX OCoSeiIHOCTeH H3J10- 
híííhhh aiBAaeTca to, hto Botnpocw npHHHHnoB Aefi- 
ctbhh OTAeabHbix pejie h paccMOTpeHHe koh- 
CTpyKUHH HeKOTOpUX H3 HHX, KaK He npeACTaB- 
jiaiomHe ocHOBy coAepacaHHa Kypca pejienHofi 
3amHTbi (a He Kypca pejie), He BbmeceHbí b ot- 
AejibHbie rjiaBbi. Ohh paccMarpaBaiOTCH 'noriyriio 
C H3AOWeHHeM COOTBeTCTByromHX npHHHHHOB 3a- 
IUHTbl. 

3to HBAHeTca ueAecoo6pa3HbiM eme h noro- 
My, HTO AaeT BO3M0JKHOCTb paCCM3TpHBaTb KOH- 
CTpyKUHH peAe He OTOpBaHHO OT BOnpOCOB HX 



Hcnojib30BaHHH, a b cBeTe Tex ochobhhx TpeĎo- 
BaHHň, KOTopbie npe/rbHBJíHíOT k pejie pa3JiaaHbie 
cnocoňbi BbinojiHeHHH pejieaHoů 3amaTbi. 

B KOHue KHHm noMemeH enacoK jiHTepaTypu, 
KaK Hcnojib3OBaHH0H aBTopaMH, TaK a peKOMeHfly- 
eMOH qHTaTejiHM ,hjih dojiee yrjiyĎjieHHoro H3yae- 
HHH OTAejIbHbIX BOnpOCOB. 

Abtoph c HCKpeHHefl ÓJiaroAapHocTbK) bciiomh- 
■HaiOT hmh i6e3BipeMeH«o cKOHqaBiuerocH npo<J). 
H. <J>. MaprojiHHa, ochoto H3 HayaHbix ochobo- 
nOJIOKHHKOB TeXHHKH pejieHHOň 3amHTbI b CCCP, 
nepBoro peueH3eHra HacToamea KHara, jUBiuero 
npa npocMOTpe pyKonaca óojibiuoe hhcjio oaeHb 
ueHHbix 3aMeaaHHH. 

Abtoph BbipawaiOT Taaaíe ÓJiaro^apHOCTb pe- 
ueH3eHTy KHara npotj). II. r. r py^aHCKOMy 3 a pa# 
ueHHbix 3aMeaaHHH. 

OT,a;e,/ibHbie rjiafibi KHHra b pa3JiHHHoe BpeMa 
6biJia 'npocMorpeHbí AOneHTaMa A. B. HepHHHbíM, 


B. JI. <J>a6pHKaHT0M a HHaceHepaMa A. I\ reBop- 
KOBbíM a ň. K. 4>eacTOM, kotophm aBTopbi caa- 
TaioT HeoóxoAHMbiM BHpa3HTb 3flecb cBOK) ÓJiaro- 
aapHocTb 3a ax nojieaHbie 3aMeaaHaa. 

Abtoph He coMHeBaioTca b tom, hto b KHary 
Moa<er óbiTb BHeceH pa# AaJibHefimax acnpaBJíe- 
hhh, yroHHeHHH a yjiyaineHHH b MCTOAHKe hojio- 
>KeHaa. Bce B03HHKaK)mae y aaraTejiéS 3aMeaa- 
hhh ona npocaT HanpaBHTb no a#pecy: MocKBa, 
yji. KaBarcoBa 29, M3H hm. B. M. MojioroBa, 
jia6opaTopaa pejieňHoa 3amHTbi a aBTOMaraKH, 
A. M. OefloceeBy: 

3th 3aMeqaHHH 6y#yr npaHHTbi bo BHHMaHae 
npa nepepaSoTKax aaTaeMbix KypcoB, a Tahače npa 
nepepaĎOTKe aaHHoň RHara, ecaa B03HHKHeT He- 
o6xo#aMocTb B ee aiocJie#yiomeM HBflaHaa. 

Aetnopbi 

MocKta, utOAb 1944 z. 




BBE£EHHE 


1. Ha3HaqenHe pejieHHoň 3aiuHTU. Ilpu npoex- 
THpoBaHHH h SKcnjioarauHH jhoďoS ajieKTpHaecKoii 

CHCTeMbl npHXOAHTCH CBHTaTbCfl CB 03 M 0 JKM 0 CTbK> 
B 03 HHKH 0 BeHHH B Heft nOBpeJKAeHHH H HeHOpMaJIb- 
HblX peJKHMOB paÓOTbl. 

Hain6ojiee pacnpocTpaHeHHbíMH h b to ace 
speMH HawSojiee onacHbíMH enaaMH noBpexAeHHH 
ítBJíHtoTCH pa 3 Horo poxa k op OTKHC 3 a M bl K a- 
H H H, CJie^CTBHHMH KOTOpbIX MOryT 6 bITb: 

1) cHjibHbie noromeHHH HanpaxeHHa b 3Ha«in- 
TejibHoň qacTH CHCTeMbl, npHBOAHm,He k Hápyirne- 
HHK> HOpMaJlbHOH paSoTH ĎOJIbUIOrO HHCJia OlOTpe- 
ĎHrejieS 3 JieKTpo 3 HeprHH; 

2) paapyiueifHe noBpejKAeHHoro aJieMCHTa 
BojibTOBofl Ayrofl, HacTo BoaHHKaromeň npa Kopoi- 
khx 3aMbiKaHHHX b MecTe HapymeHHH h30jihuhh; 

3) pa3pymeHHe o6opya©BaHHa B HenoBipejKfleH- 
Hbix qacTHX cBCTeMbi b pe3yjibTaTe xepMHaeoKoro 
h flHHaMswecKoro AeficTBHa tokob Koponcoro 3a- 
MbiKaHHa, AOCTHraíom'HX b HeKOTophix cjiyaaax 
OaeHb ĎOJIbUIHX bcjihtoh; 

4) HapymeHHe ycTOHHHBOCTH napajuiejibHOH pa- 
6 oth reHepaTopOB, npH KOTopofi HopMajibHaa pa- 
6oTa cacTeMw inojiHocTbio napajiH3yeTca. 

Hhjkc paecMarpwBaiOTca HMeromae Haatčíojib- 
mee pacnpocTpaHeHne h 3HaHe»He 3jieKTpHnecKae 
CHCTeMbl Tpex<|>a 3 Horo oepeMeHHoro TOKa. 

OcHOBHbie BHflbí noBpeaívaeHHH Ha jihhhhx, 
b MauiHHax h annapaTax sthx chctcm npHBeaeHbí 
b Tafiji. 1. 

Bo3mo>khm Taxate 6ojiee cjioacHbie bham no- 
BpejKjeHHÍi, npeflCTaBjíaiomHe icoMÓHHauHH AByx 
hjih aa*e HecKOJibKHX bhaob inoBpejKueHHS, yKa- 
3aHHbIX B TafijI. 1. • 

Oahhm H3 oth ocHTejibH-o HacTo BCTpeaaromHx- 
ca BHflOB HeHOpMaJIbHbIX pe*HMOB paĎOTbl »B- 
jihiotch neperpy3KH. 

B neperpysceHHOM sjíeMeHTe BO3HHKai0T toku, 
npeBOcxoaamHe AJiHTejibiio AonycxHMbie jijih xan- 
hoto ajieMCHTa 3HaaeHHa. npH AOCTaxoHHofl ajih- 
rejibHocTH cymecTBOBaHHa sthx tokob TeMnepa- 
Typa TOKaBeAym ( HX qacxefi HetnonycxHMo oiobm- 
rnaeTca h hx H30jihuhh ycKopeHHo 'H3HauiHBaerca 
hjih xaxoe paspyuiaeTca. 

TaKHM oópaaoM noBpe)K,zieHHH h HeHopMajib- 
Hbie pewHMbi paóoxbi MoryT <npHBOAHTb k bo 3 Hhk- 


HOBeHHlO B CHCTeMe a B a p H H, nox KOTOpbIMH 
oĎbíHHo noHHMaiOTca BcaKHe BbíHyxcxeHHbie Hapy- 
meHHa HopMajibHoro peacHMa pačoTbi Bceň chctc- 
mh hjih ee naciH, conpoBOJKAaiomHeca HexooTny- 
CKOM 3H©prHH IIOTpeĎHTejIHM, H'6A on y CTH M bl M 
yxyxmeHHeM ee KanecTBa hjih pa3pyuieHHeM o>6o- 
pyAOBaHHH. 

IlepBOinpHHHHbl 'B03HHKH0BeHHH 3BapHH 6 bl- 
B3IOT BOCbMa pa3H006pa3'HbI, HO B fíOJIbUIHHCTBe 
cbocm aBjíaiOTca pesyjibxaTOM cBoeBpeMeHHO He- 
oĎHapyjKeHHbix h HeycTpaHeHHux a^cktob no- 
CTaBjíeHHoro 3aBoxaMH oóopynoBaHHa, HeyxoiBJíe- 
TBOpHTejIbHOrO npoeKTHpOBaHHH, MOHTaHta HJIH 
SKcnxoaTauHH. 

OxHaKo HenpaBHJibHo fíbiJio 6w cHHTaTb, hto 
BB apHH HBJIHIOTCH B 3KCnjIOaTaiIHH HeH36e*HbIMH. 

Bcaxaa aeapHa, Ka« inpaBHJio, MoaceT 6biib 
HCKJIIOMeHa npaBHJIbHblMH npoeKTHp OB aHHCM, MOH- 
rajKeM h 3KonjioaTauHeS ycxaHOBKH. Ecjih ace 
aBapna Bce aíe npon3omjia, xo 3a «eň oSuhho 
CTOHT KOHKpeTHblS BHHOBHHK—HeJIOBeK. 

Orcioxa cjiexyeT cxejiaTb tot bhboa. bto Ha- 
uih sjíeKTpinecKHe CHCTeMbl MoryT h aoji*hm pa- 
6 ot aTb >6e3 aBapHH h hto acjio 6 e3aBapHHHoif 
pa'6oxbi HaxoAHTca b pyícax npoeKTHpyiomero, 
MOHropyiouiero « sKcnjioaTHpyiomero ycTaHOBKH 
nepcoHaJia. 

llpeinoTBpameHHe paBBHTHa aBapna hjih hx 
B 03H'BKH0BeH'HH npH nOBpeJKAeHHHX B 3JieKTpHH€- 

ckoíí CHCTeMe aacio mojkct ĎbiTb oóecaieaeHo ny- 
T6M SbICTpOrO OTKJIIOHeHHH nOB p e>KXC HH 0 ro 3Jie- 
MCHTa. 

B HeKOTopbix cjiyaaax no ycjioiBHHM o6ecne- 
neHKH •6ecnepe6oHHoS í pa6oxbi HenoBpeacxcHnoň 
aacTH CHCTeMbl noBpeacAeHHbiň sjíeMeHT AOJiaíeH 
OTKJHOHaxbca co BpeMeHeM, He npeBocxoAamHM 
HCCKOJIbKHX AeCHTbIX AOJiefl ceKyHAbl. 

CoBepineHHo ohcbhaho, hto hcjiobok, oiócjiy- 

JKHBaiOmHS yCTaHOBKy, He B COCTOHHHH B CTOJIb 
KOpOTKOe BpeMH OTMeTHTb BO3H0KHOBeHHe nOBpe- 
HíAeHHa h ycTpaHHTb ero. 

IIosTOMy 3 JieKxpHaecKHe ycTanoBKH cHa'6*aioT- 
ca oneuHajibHHMH aBTOMaTaMH — p e ji e, ocyme- 
CTBJíaiomHMH pejieňHyio 3aniHTy. 

OcHOBHoe HasHaqeHHe pejiefinofl 3amHTbi cbo- 
AHxca k aBTOMaxHaecKOMy oxcoeAHHCHHio noBpeac- 
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aeHHoro ajieMeHTa ot ocTajibHOH HenoBpeHí&eHHOH 
qaCTH OHCTCMbl C TlOMOLUbK) BblKJIIOHaTeJieH. TaKHM 
o6pa3QM MO^íeT ÓbITb BOCCTaHOBJíeH HOpMaJIbHblřl 
pe>KHM pafíoTbi cHCTeMbi h npexpameHO pa3pyuie- 
Hne noBpe>KAeHHoro ajieMeHTa. 

TaÓAUna /, 1 

OcnoQHbie eudbi noepeowdenaů e mpex(fia3Ho& cucmeMe 
nepeMeuHozo motta 


K° I 
no nop.) 


Bha noBpexcAeHHsi 


I. O n h o (j) a 3 h w e 
3 a m bi k a h h g 
3aMbii<aHHe Ha 3eMjiio oahoh 
4>a3bi (oAHo4>a3Hoe 3aMbiKaHiie 
Ha 3eM.no) 


3 aMbi^aHHe bhtkob oahoh 
(J) a 3 bi (b MauiHHax h annapa- 
Tax) 


II. Aeyx4>a3Hbie 

3 a M bl K a H H H 
3aMUKaHH» Meacay AByMi 
4>a3aMH 


3aMbiKaHHe abvx 4)a3 Ha seM- 
aio b oahoA T 04 Ke (AByx 4 >a 3 - 
Hoe 3 aMbiKarine Ha 3 eMJiio) 


3a\ibiKaHne AByx 4>a3 Ha 3eM- 
JHO B pa3HbIX TOMKaX (ABOHHoe 
3aMbncaHHe Ha 3eMAio) 


III. Tpex(J)a3Hwe 
3 a M b! K a H H Sl 
3aMUKaHHe MexcAy Tpe.vtH 
4)a3aMH 


3aMbiKaHHe Tpex 4>a3 Ha 3ew- 
JIK> B OAHOň TOMICe (TpeX(})a3- 
Hoe 3aMUKaHHe Ha 3eMJuo) 


3 aMbiKaHHe Tpe c (J )33 Ha 3 eM- 
JIIO B pa 3 HUX T 04 Kai (TpOH- 
Hpe 3 aMbiKaHHe Ha 3 eMAio) 


IV. OdpbiBU u e n h 
O ópbie oahoh 4>a3bi 


OópbiB Aeyx 4)a3 


06pUB t ex 4)ar. 
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HeKOTopbie bhau noBpeHcaeHHfi, HanpHMep, 
OAHO(J)a 3 Hbie 33 MbIKaHHH Ha 3 CMJIK) B CHCTeMaX 
c H 30 JTHpoBaHHoň HyjieBoS tohkoS, caMH no oe 6 e 
He HapyuiáíOT pa 6 on>i SAeKTpHnecKofl CHCTeMbi. 

OflHaKo b caiynae 3 aaep*KH hx OTKjnoneHHH 
ohh MoryT oóycjioBHTb B 03 HHKH 0 B 6 HHe y»ce Becb- 
Ma THncejibix a jih CHCTeMbi noBpejKAejfHŮ, HanpH¬ 
Mep, yKa 3 aHHbie Bbíme OAHo 4 >a 3 Hbie 3 aMW,KaHHH 
‘HHOTAa BCJieACTBHe noHBJíeHHH b HenoBpeHCAeH- 
Hbix <})a 3 ax nepeHanpHJKeHHH nepexoAHT b AByx- 
h Tpex<J>a 3 Hbie Koponcne 3 aMUKa«HH. 

TaKHM 06 pa 30 M H 3 AĚCb HBJIHjrOCb 6 bl, boo 6 - 
me roBopH, uejiecoo 6 pa 3 HUM óbicxpoe oTKAKwe- 
•HHe noBpe>KAeHHoro SAeMenra aah yMeHbineHHH 
BepOHTHOCTH B 03 HHKHOBeHHH fiOJiee THKeJIblX aBa- 
pHň. 

Ha npaKTHKe, OAHa«o, b sthx cjiynaax h»cto 
B ce JKe ocymecxBjíHiOT 6 ojiee npocTyio pejieňtryio 
3 amHTy, AeScTByiomyK) TOJibKo Ha cHraaiA. flexcyp- 
hhh nepconaji no nojiyneHHM cnrHajia npHHBMaer 
HeoĎxoAMMbie Mepa aah pynHoro OTKAKweHHa no- 
Bpe>KAeHHH. Taxoe BbinojiHeHHe pejiefeoS 3 a<mHTbi 
o 6 ycjioBJiH®aeTCH nejibíM phaom ijiaKTopoB, k th- 
cjiy koropbix cjie^yeT oTHecTH: 1 ) cTpeMJieHHe abtí, 
BOBMOJKHOCTb HIOTpeĎWrejIK), iHOpM ajIbHO HiHTaeMOMy, 
HanpHMep, no oahoh jihhhh, npn boshhkhobciíhh 
H a HeS 33 MbFKaHHH Ha 3 eMJIIO nOArOTOBHTbCH k ero 
OTKJHOneHHK) HJIH A 3 Tb eMy BpeMH AAH BKAIOHeHHH 
pe 3 epBHoro nwraHHH; 2) nceAaHHOM cowpaTHTb 3 a- 
Tpaxbi h KOAmecTBO oéopyAoeaHHH, HeofixoAHMbie 
npn ocymecTBAeHHH 3 amHT, AeňcT.ByiomHx Ha ot- 
KjnoneHHe. 

npH ' HCHOpMaAbHblX h onacHbix pejKHMax pa- 
ČOTbl B 3 ABHCHM 0 CTH OT HX BHA 3 H yCAOBH 0 pa- 
6 oth ycraeoBKH peneŘnaa 3 auiHTa AOA*Ha AaBaTb 
OHmaA AeJKypHOMy nepcoHaAy hah npoH 3 ©oAHTb 
OTKAiOHeHHe Tex ajieMCHTOB CHCTeMbi, AaAbHeSjnee 
ocTaBAeHHe Koropbix b pa 6 ore MonceT npHBecTH 
K BO 3 HHKH 0 BeHHK> nOBpeJKA^HHH HAH aBapHH. 

Tax, HanpHMep, npH bó 3 hhkhob 6 hhh neperpy 3 - 
kh reHepaxopa hjth TpaHccJiopMaTopa hx penefinaa 
3 anjHTa, kak npaBHAo, AeflcTByeT TOAbKo Ha cht- 
Han AeJKypHOMy nepcoHaAy, KOTOpbiň aoajkch 
npHHHTb HecnfixoAHMbie Mepbi K pa 3 rpy 3 Ke reHepa- 
Topa hah TpaHcxjjopMaTopa. HHane b pHAe CAy- 
naeB pemaeTca Bonpoc o 3 aui;HTe ot neperpy 30 K 
aOHHXpOHHbIX HAH CHHXpOHHbIX ABHTaTeAeň. ÉcAK 
no ycAOBHHM pa^OTbi ohh Moryr neperpyncaiBca, 
a nocTOHHHO haxoAJnuerocH npH hhx Ae*ypHoro 
nepcoitana HeT, to 3 am.HTy ot neperpy 30 K CAe- 
AyeT ocymecTBAHTb c A^ňcTBíieM na oTKAme- 
HH‘e. 

npH neperpy 3 Ke ABHraTeAb neperpeBaeTca no- 
CTeneHHo h TeMinepaTypa ero oómotok AOCTHraeT 
npeAeAbHoS KpaTKOBpeMeHHo AonycTHMOíi bcah- 
HHHbí nepe 3 HeKoropoe {HHorAa aoboabho áHaaH- 
’ TeAbHOe) BpeMH. C Apyroft CTOpOHbl, HeKOTOpbie 
neperpy 3 KH Moiyr hochu, BpeMenHbiň xapaKTep a 
He AOBOAHTb TentnepaTypy ABHraTeAH ao npeA«Ab- 
ho AonycTHMoro 3 HaneHHH. 
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riosTOMy pejieSHyio 3 aminy, npeAH a 3Ha«ieHHyio 
pearapoBaTb Ha HCHopMajibHbie pexHMbi paĎOTbi, 
u,€Jiecoo6pa3HO ocyipecTBJíHTb ne čbicrpoAeňcTBy- 
Kax 3amHTy ot noBpejKAeiraň, a c onpeae- 
JieHHOň BbmepHCKOfi BpeMeHH. 

HaflescHOCTb paóora 3JieKTpRqecKHx cbctcm 
MOJK er 6biTb BecbMa noBbímeHa TaKxe 3a cqeT 
npHMeHeHHH: 

1) yCTpoftCTB AJIH aBTOMaTHHeCKOrO nOBTOpHO- 
ro BKAK)q©BHH B03AyiHHbIX JIHHHfi, OTKJHOHaeMblX 

pejiefiBofi 3amHT0ů; 

2) 3'btom aTHqecKHX peryjiHTopoB .h aup hjkchhh 
H KOMnayHAHpOBaHHH BOSĎyHÍA^HHH Ha CHHXpOH- 
«bix Marním ax hjih i(npH orcyrcTBBH TaKOBux) 
yCTpoflCTB AAH (JjOpCHpOBKH BOSĎyjKA&HHH; 

3) ycTpoflcTB a jih aBTOM aTHHecKoro BBewa pe- 
SepBHblX TpaHC(J)OpMaTOpOB HJIH JIHHHfi IIpH 3BTO- 
MaTHHeCKOM OTKAIOqeHHH OCHOIBHUX; 

4) yCTpOHCTB' A JIH aBTOM aTHHeCKOro pa3AeA2- 
HHH CHCT6M npH HapyUieHHH yCTOHHHBOCTH MeJKAV 
HX OTAeJIbHblMH qaCTHMH H T. A. 

Bce 3th ycTpoflcTBa, BbínojiHHeMbie b SojiHiiefi 
OBoefl qacTH TaKJKe noopeACTBOM pejie, qacTO ot- 
HOCHT K peJieHHOH 3aiHHTe. 

OAHaKO 3H3JIH3 npHHUHIIOB HX AefiCTBHH <1 
cooTBeTCTByiomHe pacneTbi npeACTSBJíHiOT 6ojib- 
Uiofl (b H3BeCTH0fl M€pe C 3MOCTOflTejIbHblfi) pa3- 
Aejl 3'BTOM3THKH 3H€piX)‘CHCTeM H nOTOMy B AaH- 
bom xypce He paccMarpuBaiOTCH. 

HeOlĎXOAHMO OTMeTHTb, HTO HH B ©AHOH OT- 
paCAH TeXHHHH (3a qaCTHHHblM MOJKeT 6bITb HC- 
KjiioqeHHeM HeKOTopbix ibhiaob Hcejie3HOAopoxHoro 
TpaHcnopra) 3amHTHbie ycTpoficTBa He nojiyqajiH 
TaKoro HiHpoKoro pacnpocTpaHeHHH h He npHOÓ- 
pejm Taxoro orpoMHoro 3HaqeHHH, KaK b coBpe- 
MeHHMX SAeKTpHHeCKHX CHCTeM3X, HODMajIbHafl 
paĎOTa KOTopbix b HacTOHui.ee BpeMH coBepuieHHO 
HeMbicjiHMa 6e3 AocraTaqHO, coBepmeHHoS pejieň- 

HOH 3aiHHTbI. 

3ro HpeJKAe Bcero oStjhchhctch tom cnena- 

4?K4eCKHM CBOHCTBOM BCHKOH SJíeKTpHHeCKOH CH- 

CTeMbi, *m> ni ob pe >ka chh h b jiioSoh ee qacTH 6jia- 
rCAapfl BJieKTpHqeCKOH HJIH MarHHTHOfi CBH3aHHO- 
cth Bcex ajieMeHTOB b Toň hjih hhoh Mepe 
HeMCAACHKO OTpaacaiOTCH Ha pa6ore Bcefi ch- 
cTeMU. 

2. OcHOBHue TpeSoBaHHH, npeABHBAHeMbie k pe- 
jieiiHOH 3am,HTe. B oómeM cjiyqae k pejieňHoň 3 a- 
lHHTe JipeA1>HBAHK)TCH CJieAyK)IH,He HeTbipe OCHOB- 
hhx TpeóoBaHHH: 1) cejieKTHBHOCTb; 2) ÓbicTpora; 
3) qyBCTBHTeJIbHOCTb; 4) IHaAOKHOCTb. 

Bce 3TH TpeĎOBaHHH OTHOCHTCH K 33 UIHTaM, 
AeřiCTByiOmHM npH B03HHKH0BeHHH nOBpejKAeHHň 
Ha oTKjnoqeHHe. K 3am,iiTaM, paSoraiomHM Ha 
CHrHaA, a raioxe k 3amHTaM, pearHpyiomHM tojib- 
ko Ha HeHopM ajibHbie peacHMbi paSoru, qacTb 
3THX TpeÓOBaHHň (HaiTpHMep, ĎbicTpora achctbhh) 
-MO*eT H He OTHOCHTbCH. 

CejieKTHB H OCTb (H36»paTeJIbHOCTb). Ce- 


JieKTHBHblM Ha3bIBaeTCH Taxoe AeftCTBHe 3aUlHTbI, 
npH KoropoM OHa OTKjiioqaeT TOjibKO oahh noBpe- 
HCAeHHbifl 3JieMeHT nocpeACTBOM ero aBTOMaTHqe- 
ckhx BbiKJHOHaTejieíi. Bce Apyrne qacTH chctcmh 
AOJIJKH bl npH 3T0M OCT3TbCH BKJHOHeHHUMH. 

Taicoe AeftcTBHe 3amHTbi npn pe3epBHpoBaH- 
hom nHTawHH norpe6HTejiefi HCKJiioqaeT nepepbiBbi 
B HX 3JieKT!pOCHa65KeHHH. OAHaKO npH OAHHO9H0M 
HHT3HHH inoTpeĎHTejiH, HanpHMep, qepe3 oAHy jih- 
«hk), TpaHo<|)opMaTop hjih reHepaTop, oh ocTaeTca 
6e3 HanpHJKeHHH b cjiyqae noBpeHCA&HUH HHTaio- 
mero 3JieMeHTa AaJKe npH cejieximHOM achctbhh 

3aiHHTbI. 

Kax H0Ka3bTBaeT onHT SKcnjioaTauHH, 6ojib- 
IUHHCTB0 nOBpeHCAOHHň • Ha B03AyUIHblX AHHHHX 
hocht npexoAHiHHfl xapaKTep h caMO ahkbhhíi- 
pyeTCH nocjie chhthh c hhx HanpajKeHHH. 

IlosTOMy npa oahhohhom nnTaHHH noTpeÓHTe- 

JIH OCOĎO StfwjieKTHBHblM CT3HOBHTCH npHMeHGHHe 
Ha B03AyiiiiHbrx ahhhhx ,b AonojiHeHHe k hx pejiefi- 
Hoft 3atuHTe ycTpoflcTB aBTOMaTOTtecKoro noBTop- 
Horo BKJiiOHeHHíi i(AriB). Ohh A3 K>t yAanHoe 06 - 
paTHoe BKJiioqeHHe npHMepHO b 70—90“/«i cjiyqaes 
inOBpe)K abhhh h t3khm o6pa3ow MoryT 3Haqn- 
TejIbHO nOBblCHTb HaACJKHOCTb 3Hepr0CHa6*eHHH. 

Tpe6oBaHHe cejieKTHBHoro achctbhh 3amHTbi 
He AOJIHCHO HCKJIIOqaTb B03MOHCH0CTH cpaSaTbiBa- 
hhh b HeKoropbix cjiyqaax 3amHT yqacTKO-s, 
CMeJKHWX C nOBpejKA&HHblM. 

TaK, HanpHMep, npH kopotkom 3aMHKaHHH Ha 
oahom »3 yqacTKOB paAHaAbHoň cera c oahocto- 
POHHHM nHT3HHeM H 0TKa3e ero 3amHTU HJIH Bbl- 
KjnoqaTeAH AOAHCHa «aK pe3epBHaa cpačoraTb 
3amHTa cAeAyiomero ynacraa h OTKJitOHHTb ero 
BMecTe c noBpejKAeHHbíM. B stom cjiyqae xoth 
noBpe*AeHHe h 6y«eT oncjnoneHO h ecejieKTHB ho, 
ho hhcao OTKJiioqeHHbix yqacTKOB onpaHHqBBaeTCíi 
TOAbKO AByMH. 

/(eňcTBHe 3amHTbi HenoBpe5KA©HHoro yqacTKa 
b p accM aTpHBaeMOM cjiyqae oóbrqHo oneHHBaerca 
KaK Hece jibkthbho e, ho npaBHjibHoe, KaK eAHH- 
CTBeHHO BO3M0HCHOe A JIH aBTOMaTHqeCKOTO OTKJIIO- 
qeHHH BoaHHKuiero noBpe)KAeHHH. 

BbicTpoTa. B dojibiiiHHCTBe cAyqaeB kI pe- 
jiefiHofi 3amHTe, npeAHa3HaqeHHofl pafioTaTb npH 
B03HHKHOBeH'HH 'nOBpeJKACHHH, npeAHHiBJIHeTCH 
TpeĎOBaHHe ÓbicrpoTbi achctbhh. 3to onpeAejiaeT- 
ch cjieAyiomHMH ochobhhmh cooĎpajKeHHHMH. 

1, yMeabuieHHe BpeMeHH o tkji 10 qe- 
« h h n o b p e jk a e h h fi noBbiuiaeT npeAeui 
ycToňqHBoft napa/iJiejib«ofl paĎOTbi 
MaiIIHH B CHCTeM e. řípa npHMeHeHHH ĎHCTpO- 
AeftcTByiomHX pejie h BbiKjnoqaTejiefi HapymeHHe 
AHHaMBqecKoS ycTOfiqHBOCTH napajuiejibHO pa6o- 
TaiOmHX CHHXpOHHbIX M3UIHH BCJieACTBHe KOpOT- 
KHX 33MbrKaHHfl n p aKTHqe CKH MOJKeT 6blTb HOJI- 
HOCTblO HCKJHOqeHO. TeM CaMMM yCTpaHHeTCH OA- 
Ha H3 OOHOBHbIX npHqHH B03HHKH0BeHHH HaHĎojiee 
TfDKeJibix c Toq-KH 3peHHH 6ecnepe6ofiHofi pa6orw 
norpeSHTejieft CHCTeMHux aBapHfl. 
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2. ycxopeHHe OTKjiioqeHBH noBpe- 
JK A € H H ň yMeHbíUaeT BJlHSH«e B 03 EH- 
KaiOmHX npH KOpOTKHX 3 aMbIKa»HHX 

HanpsaceHHH Ha p a 6 o t y 
noTpeóHTejtefi. řípa ObicrpoAeňcTByiomHx 3a- 
marax h BbrxAK>qaTeAHX npaxTHqecxH ®ce Afinra- 
TejiH, 3a HCKJHOHeHHeM noBpe*AeHHoro, ycTaHOB- 
jieBHbie xax y norpefíHrejieS, Tax h Ha co 6 ctb€h- 
HHX HyjKAaX 3 .ieKTpH 4 eCKHX CTaHHHH, HOCJie KO- 
poTKoro 3 aMbrKaHHH MOiyr ocTarbcn b paGoie. 
Bojiee toto, yMeHbmeHHe Bpainaiom,Hx momchtob, 
HanpHMep, y acHHxpoHHbix AÓnraTejieň, oxasbi- 
BaeTCH CTOjib xpaTKOBpeMeHHbíM, hto Aaxce narpe- 
ÓHTejIH, OCO 60 qyBCTBHTejIbHbie K CHHHíeHltK) HHCJI 3 
oSopoTO®, nepeHocHT sto cosepmeMHo 6 € 36 oui€ 3 HeH- 
ho (HanpHMep, xjionnaToSyMaHCHbie npeAEpHHTHa, 
Aaioufne 6 pax npH OHHJKeHHH q ncjia oSoporoB). 

3 . ycxopeHHe otkjiiohchhh n o b p e- 
»ieHH§ yMeHbuiaer p a 3 m e p p a 3 p y- 
uieHHH noBpexAeHHoro 3 ji e m e h t a. 
Tax, HanpHMep, Ha H 3 cwisrropax choam 6 bicTpo 
oTXjnoqenHbix nepexpbiTHH BcwibTOBoň Ayrofl 
OĎMHHO BeebMa H€BeJTHXH H OBOAHTCH qa'CTO TOJIb- 
xo x H 3 MeHeHHK) HBeTa hx TJia 3 ypH; neperopaHne 

npOBOAOB JIHHHH BblCOXOrO HanpHJKeHHH CT 3 HOBHT- 
CH MaJIOBepOHTHblMJ yMeHbHiaeTCH BpeMH, Heofíxo- 
AHMoe a jih tnpoBeAeHHH peMOHTa noBpe>KAeHHbix 
SAeMeHTOB, H yMCHblH 3 IOTCH 3 aTpaTbI Ha Hero. 

4. ycxopeHHe OTKjiroieHHfl nospe- 
>K a e H ,H H nOBblIIíaeT 3 (j)<j>eKTHBHOCTb 
jBTOMáTHíecxoro noBTopHoro bxjiio- 
q e h h h noBpexcAenHbix B 03 flymHHX 
ji a h h 8 . lípu óbicTpoAeficTByiomeň 3 amHTe v bh- 
KAKwarejiHX, Aonycxaiomax <6bicTpoe noBTopHoe 
BKjnoneHHe Ha xopoTxoe 3 aMbixaHHe, noBxopHoe 
BKAlOTeHHe MOHCer 6bITb npOH 3 BeA^HO qepe 3 CTOAb 
M 3 AMH HpOMeJKyTOX (BpeMeHH nOCAe BO 3 HHXH 0 Be- 
hhh noBpexcAeHHH Ha jihhbh, hto npHcoeAHeeHHwe 
x Hefi norpeŠHTejiH npaxTHqecxH Aaxce He noqyB- 
cTBjnor HMeauiero Mecro inepepwBa b nHTaHHH (no 
AaHHbTM onwTa CEIA). 

5 . CHHxceHHe BpeMeHH OTKjnoíe- 
hhh noBpejKAeHHŽ yjiyninaeT x a q e- 
CTBO 3 ji«KTp»>iecKoro ocBeme«HH. 

npHB 6 AeHHH€ COOfipaJXeHHH nOXa 3 bIBaiOT, Ha- 
cKOjibxo Ba*Ho ofiecnenHBaTb óbicTpoe oTKJiroqe- 
HHe noBpexKAeHHfi b cncxeMe. 

CymecTBjaomaa peAeňHaa 3 amHTa b HexoTO- 
pbix cnyqanx He AaeT boqmojxhocth OAHOBpeMew- 
HO yACCBAeTBOpHTb Tp© 60 B 3 HHHM CeAeXTHBHOCTH H 
ĎMCTpOTbl OTXAX)HeHHH nOBpeXC'A 6 HHfi. B 3 THX 
CAyqanx hcoóxoahmo BbíHCHHTb, He HapymaeTCH 
AH npH CejieXTHBHblX, HO MeAAeHHbIX OTXAKWeHHHX 
noiBpeKAeHHH pa6oTa noTpeĎHreAefi HenoBpeox- 
AeHHoň nacxH CHCTeMbi B SÓAbuieS Mepe, qeM npn 
He BnOAHe CejieXTBBHblX, HO 6 bICTpHX. Ecah 3 TO 
HMeeT mbcto, to CAeAyeT htth Ha npHMeHeHHe 60- 
Aee fíucTpoň, xoth h MeHee ceAexTHBHofl 3 amHTbi. 

Tax, HanpHMep, b pacnpeAeAHreAbHbix eerax 
paAHaAbHofi xoH<í>HrypaHHH c oahoctopohhhm oih- 
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TaHHeM qacTO ahhhh hmciot ÓoAbuioe íhcao no- 
CAOAOBaTeAbHO BXAioqeHHbix yqacTxoB. 06ecneqe- 
«He ceAexTHBHoro OTXAK>q€HHH noBpexcA€HHH 
oňycAOBAHBaeT b stom 'CAyxae SoAbuiHe BbiAep*- 
xh BpeMeHH «a 3amHTax roAOBHbix yqacTXOB; ko- 
poxxHe 3aMbixaHHH Ha noeAeAHHX, ecAH ohh He 
peaxTHpoBaHbí, MoryT npH stom TH>KeAO oTpaxoTbCíi 
Ha ocTajibHoň qacTH CHCTeMbi. IIosTOMy b paccMa- 
TpHBaeMOM qacTHOM CAyxae HHorAa hajt Ha ojiho- 
BpeMeHHoe OTxaiOHeHHe HecxoAbXHX nocAeAoea- 
Te'AbHbix yqacTXOB ahhhh, yMeHbuian npH stom 

BblAepXCXH BpeMeHH 3aiHHT. 

BpeMH OTKjiiOHeHHH n o&pe>x achhh cxAaAbmaer- 
CH H3 Bp©MeH AeŮCTBHH 3 ?.LU,HTbI H BbIXAK)HaTejIH. 

BbiCTpbiM orxjiioqeHHeM noBpe>xAeHHH npn co- 
BpeMeHHOM COCTOHHHH TeXHHXH CHHTaiOT TaKOe, 
npH KOTOpOM BpeMH CpaĎaTbTBaHHH 3amHTbI He 
npeBbtuiaeT OAHoro— oihth nepnoAOB, BpeMH ot- 
XAiOHeHHH BbixjHoqaTeaeH AByx—ceMH nepHOAoa, 
T. e. nOJIHOe BpeMH OTXAIOHeHHfl nOBpeXCA€HHH He 
npeBbímaeT Tpex — ABeHaAUaTH nepHOAOB (0,06— 
0,24 cex.). 

Heo6xo'AHMO, oAHaxo, OTMeTHTb, hto yKa3a«- 
hmř Bbirne BepxHHŘ npeAeA b ABeHaAUaTb nepno- 
Aob b HexoTopHX cjiyqaHX MOJxeT oxa3aTbca Bce 
xce HenpHeMAeMO 6ojibiiiHM. 

HyBCTBHTejibHOCTb. PeAeňHaH 3auiHTa 
AOAJXHa 6hITb qyBCTBHTeAbHa XO BCeM BHA3M no- 
Bpe>KAeHHH H HeHOpMaAbHbIX pejXHMOB paóoibi, 
MoryiHHM B03HHXHyTb Ha 3amHui;aeMOM axeMeHTe 
SAexTpHxecxoň CHCTeMbi. 

OHa AOAJxna pearupOBaTb Ha noBpe*aeHHH 
no BD3MOJKHOCTH B CaMOfi 3aHaTOHHOH HX CTaflHH, 
TeM caMbiM yMeHbuiaH BAHHHHe noBpexcAeHHH Ha 
HenoBpejxiAeHHyK) qacTb cHCTeMH h coxpamaa 
paaMepbi paapymeHHH noBpewAeHHoro ajieMeHia. 

C Apyroň CTopoHbí, 3amHTa, HpeAHasHaqeHHaa 
pearaposaTb Ha B03HHxax>mHe noBpexcA&HHH, hc 
AOAJKH a cpafiaTbiBaTb npn HopMaabHOM pewHMe 
pafíoTbi 3AexTpHnecKoň CHCTeMbi hah npH Heonac- 
Hbix OTXAOHeHHHX oř Hero, HanpHMep, npH xpaTKo- 
BpeMeHHbix neperpyaxax. 

yAOiBAeTBOpěHHe Tpe 6 oB 3 HHH HeOÓXOaHMOii 
qy B CTBHTe AbHO CTH B COBpeMeHHHX 3 AeXTpHMeckHX 
CHCTeMax BCTpeqaeT b pnAe CAyqaeB pha cepbe3- 
HblX 3aTpyAHeHHH. 

B caMOM Haqane paaBHTHH npoH3BOACTBa a 
pacnpeAeaeHHfl 3JiexTpHqecKoíi 3HeprHH cTaHUHH 
qacTO pacnoaaraAHCb npHMepHO b ueHTpe Harpy3- 
XH H •nOTpeĎHTeAH nHT3AHCb OT HHX nO paAHaab- 
hhm ahhhhm. Mchhhocth, nepeAaBaBuiHecH npn 
3TOM no OTAeAbHblM AHHHHM, ŠblJIH OĎHqHO Ma.lbl 
no cpaBHeHHK) c reHepHpyeMoň MomHoerbio ct 3H- 
HHft. Il03T0My TOXH XOpOTXOrO 3aMUX3HHH B J1H- 
HHHX npH nOBpeHCA&HHHX Ha HHX OXa3bTBajlHCb 

3HaqHTeAbHo ĎOAbine paĎoqnx toxob. 

TpeĎOBaHHe HeoĎxoAHMoň qyBCTBHreAbHociii 
BbinoAHHJiocb 3Aecb AOCTaToqHO npocTo nocpea- 
ctbom npHMeneHHH 3auiHT, pearapyiomHx Ha yBe- 
AnqeHHe roxa cBepx onpcfteAeHHoft BejraqHHbí, 



HecKOJibKO čojibineň, qeM MaRCHManbHbiň tok Ha* 
rpy3KH. 

B HacToamee BpeMH SHepraa, BbipaťiaTbiBae- 
Maa Ha sjíeKrpHqecKHX craHUHax, qaero nepe^aeT- 
ca b paňoHbí noTpeójieHHH, OTCToamHe ot ct3h- 
uhh aa paccTOHHHe MHorax ^ecHTKOB, a HHor.ua h 

COTeH KHJIOMeTpOB, qepe3 BblCOKOBOJIbTHbie 'CeTH c 

óojibiuoň nponycKHoň cnocofíHocTbio OTAejibHbix 

JIHHHft. 

npH 3TOM TOKH KOpOTKOrO 3,aMbIK3HHH B HO- 
Bpe*a,eHHbix jihhhhx npH onpejejieHHbix pexcHMax 
paifioTbi cHCTeMbi, HanpHMep, npH mhhhm ajibHOM 
qacjie paóoraiomHx reHeparoipoB, MoryT fibiTb 
MeHbUie MaKCHMaJIbHbIX B03M0JKHMX TOKOB H3- 
rpy3KH. 

IlOBpejKfleHHH B03^yiHHbIX JIHHHÍI B fíOJIbUIHH- 
CTBe cjiyqaeB CBH 33 Hbi c HapyuieHHeM H30jihuhh 
h conpoB o>ka aiorca noaBjíeHHeM b nena nepexoA- 
hhx conpoTHBjíeHHH (HanpHMep, BojibTOBbix Ayr), 
hm€K)lhhx snaaHTejibHyio BejiHHHHy h TaKHte Mory- 
IHHX CHJIbHO CHHJKaTb BeJIHHHHbl TOKOB KOpOTKOTO 
3aMbtKaHHH. 

Bce STO npHBOAHT K TOMy, HTO 3am»TbI, HC- 
nojib3yiomHe ajih CBoero a«hctbhh npeBbímeHHe 
tokom no b pe jkaohh a m 3'Rchm a jibHoro paSoqero 
TOKa AaHHoro sjíeMenra, b pHAe cjiyqaeB npHMe- 
HHTb ne npeACTaBJíaeTca BO3M0*HbiM h npnxoAHT- 
ca htth Ha HcnoJib30BaHH€ (Jojiee cjioxcHbix npHH- 
UHnOB 33UlHTbI. 

TaKHe BHAbr noBpeacAeHHfi, KaK pAHo<})a3Hbie 
33 MbIK 3 HHH Ha 3eMJIK>, HanpHMep, B CHCT6MaX C 
H3OJIHP0B3HH0H HyjIOBOH TOHiKOfi HJIH c HyjieBoň 
ToaKofl, 333eMjieHH0H aepe3 BbicoKooMHoe conpo- 
THBaeHHe, BcerAa c ohpobojka aiorc a m3jimmh 3Ha- 
qeHHaMH tokob 3aMbiK3HHa Ha 36 mjik>, ne aocth- 
ratomwMH Bejimmbi tokob Harpy3KH. 

B T3RHX cjiyaaax ajih AOCTHaceHHH npneMAe- 
Moft nyBCTBHTeabHOCTH TpedyeTCH npHMeHeHHe 
cnenaajibHbix 3amHTHbix ycrpoftcTB. 

lípa ocyuiecTBJíeHHH 3amHTbi HeofíxoAHMO b 
paA« cjiynaoB oSecneqHBaTb, mto6m KaacAbifi no- 
cjieAyioinHH ajieMeHT CHCTeMbi, cnHTaa oř norpe- 
ÓHTejia K HCTOHHHKy nHT3HHa, HMejI qyBCTBHTejIb- 
HocTb 3 aUíHTbi He Sojibiuyio, qeM npeAMlAymHH 
sjíeMeHT. >KejiaTejibHo HHorAa Aaace, qro6bi 3Ta 
qyBCTBHTeAbHOCTb B nejIHX HaAeJKHOCTH 6bIAa He- 
CKOJIbKO MeHbUiefi. 

HeBbmojiHeHHe 3Toro Tpe6oBa«HH Mower npa- 
BeCTH K HecejieKTHBHOMy A e fi ' CTBHi0 3amhTH. TaK, 
HanpHMep (4)nr. B, l),npH 33MbiK3HHH Ha 3eMJiio Ha 
ynacTKe AB paAHajibHofl cera c oahoctopohhhm 
nHTaraeM aojukch oTKjnoqaTbca BbiKAioqaTejib Ha 
noACTaHUHH B. OAHaKO b cjiyqae ecjm 3amHTa, 
ycTaHOBjíeHHaa Ha noAcraHHHH C, OKaaceTca 60 - 
jiee ayBCTBHTejibHofl, aeM 3 amHTa Ha noACTaHUHH 
B, to npH Manbix 3HaneHHax tokob noepe>KfleHHH' 
BCJieACTBHe, HanpHMep, Hajinana 3HaqHTenbHoro 
nepexoAHoro conpoTHBJíeHHa b Mecie noBpeaíAe- 
hhh, 3aiuHra noACTaHUHH B MoaceT 3aMeAHHTb b 
aeScTBHH, b to BpeMa KaK 3amHTa noACTaraiHH C 


cpaňoraeT h Heceji6 kthbho otkjhohht cboíí Bbr- 
KjnonaTejib. 

HaAe*HOCTb. 3am,HTa AOJiatHa H3 achího 
pafioTaTb bo Bcex HeoóxoAHMbix cjiyaaax HeHop- 
MajIbHMX peaíHMOB paÓOTbl H npH B03HHKH0BCHHH 
noBpe*AeHHň, ofiecneqHBaa cTonpoueHTHyio upa- 

BHAbHOCTb AefiCTBHH. 



B,l. CzeMa ceTH c oahoctopohhhm riHTanHeM. 

B to BpeMa 3amirra He AOJiacHa cpačaTbi- 
®aTb noA BjiHHHHeM k3khx-jih6o Apyrax npHHHtr 
KpoMe noBpejKAeHHt h HeHopMaabHbix peacaMos 
pafioTbi, ahh ycTpaneHHH KOTopux oHa npeAHa3Ha- 
qeHa. Oahoíí H3 ochobhhx npeAnocujioK, o6ecne- 
qHBaroiHHX HaAcncHoe AeňcTBHe 3amHT, HBjíaercH 
npocTOTa hx cxcm BbrnojiHeHHa h mhhhm ajibHoe 
KOAHqeCTBO 3aMbr.KaK>mHX H pa'3MbIKaiOIHHX KOH- 
TaKTOB pejie, oiocjieAOBaTejibHo yqacTByroutHx b 
pa6ore cxeMH. 'HaAeJKHocTb 3amHTbi onpeAeaaeT- 
ca Ta«Hce KaneCTBOM bxoahihhx ® Hee pejie, co- 
BepmeHCTBOM MOHTaaca h npaBHJibHbíM seA&HHeM 
3KcnjioaTan«H. 

MaKCHMaabHoe ynpomeHHO cxom 3amHT HBJíaer- 
CH OAHHM H3 .OCHOBHbIX JI03yHr0B COBpeMeHHOli 
TexHHKH pejiefinoH aamHTbi. ynpomeHHe cxom 3a- 
iiiht He caeAyeT, KaK sto HHorAa. Aeaaerca, cMe- 
uiHBaTb c yMeHbmeHHeM KOjiOTecnBa ofiopyAOBa- 
HHH, HAym^ro Ha hx ocymecTBJíeHHe. B pHAe cjiy- 
aaeB ynpomeHHe cxom conpoBoacAaeTca OAHOBpe- 
MeHHWM (yMeHbmeHHeM (KOJiHqecTBa bxoahuíhx b 
hhx pejie. (Jamko b HeKOTOpbix cjiyqaax cxeMbi 
c yMOHbineHHbíM KOJinaocTBOM peae OKasbiBaiorca 
6oaee ojioacHbíMH. Ha hx npHMeHeHHe HAyr, Ha¬ 
npHMep, b 'pejiax 3KOHOMHH HeKOTOpbix cneuHa.ib- 
HblX CJIOHCHWX peae, BXOAHIHHX B 3aiAHTy. 

Co3AaHHe AQCTaToqHO npocTbix cxcm 3am.HT, 
yAO'BJieTBOpHIOIAHX 'B TO *e BpeMH OCHOBHHM Tpe- 
ÓOBaHHHM, npeAT>HBJIHeMblM K 3amHTe (ceJISKTHB- 
HOCTb, SbicTpoTa, qyBCTBHTeabHocTb), onpeAeJiaer- 
ca npeacAe Bcero HajiHaneM AOCTaroqHo coBep- 
meHHbix HaAencHbix peae, H3 kotophx KOMnaHyeT- 
ca 3am,HTa b nenoM. 

HapaAy c sthm ahh noayqeHHa AOCTaroqHo 
npocTbix exeM 3ain,Hr HeoifixoAHMo: 

1.'He yqHTbinaTb npaKTHíecKH m a- 

JIOBepOHTH. MX ‘BHAOB n O B p € JK A '6 1 H H H. 

npH oneHiKe BepoaraocTH toto hjih Apyroro BHAa 
noBpeíKAenHH cjieAyeT pyKOBOACTBOBaTbca onw- 
tom 3Kcn ji oaTau hh h AaHHbíMH rexHHqecKofi CTa- 
thcthkh; ecjiH sth MaTepHajibi orcyTCTByiOT, a yqer 
paccMaTpHBaeMbix bhaob noBpeacAeHHfl tiphboaht- 
k 3a‘MeTH0My ycjiojKHOHHio 3auiHT hjih yBejinqe- 
«hk) KOJinaecTBa pejiennoro ofiopyAOBaHHa, b pa- 
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Ae cjiynaeB ■SbJBaeT uejiecoo6pa3Ho snpeAb ao 
H aKonjieHHH coorBeTCTByromero onbiTa npuHHTb 
peaueHHe, Aonycxaiomee bo3mo*hoctb HenpaBHJib- 
Horo jieňcTBHH 3am«Tbi npH sthx pe«xo BCTpe- 
naiomHXCH cjiynanx noBpejxAeHHíi hjih HeHop- 
MaabHbix pe>KHMOB paóoTbi. Tax, HanpHMep 
B, 2), B COOTB€TCTBHH c onbrroM 3XCnJI0a- 

TaUHH, K&K npaBHJIO, 
■He yMHTbiBaeTCH Be- 
pOHTHOCTb , B03HHK- 
HOBeHHB Ha AByx (J)H- 
Aepax, otxoahuihx 

OT IHMH CT3HUHH, nO- 
BpeW^eHHfl B TOHK3X 
F' H F" C T3KHM HH- 
TepBa^OM BOBpeMeHH, 
hto noBpeatfleHHe b 
F" noHBjíaercH ao toto, xax tioBpexAe- 

TOMKe F' 6bIJI(? OTKJIK)H€HO CBOHM BbFXJIK)- 
HeyneT npn npHMCH&HHH Ha 4 >hac- 




~r~ 

r~ 

F' 
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«t>Hr. B,2. Cjiy>jaH noBpeaciieHHH 
na ABy\- otxoaíuuhx jihhhax. 


io»iiíe 
HHe B 

narejieM. 3tot 
pax « HCTOHHHKe nHTaHHH HaHÓoJiee npocTbix 3a- 
IAHT, AeHCTByiOIUHX npH B03paCTaHHH TOKa AO 
onpeAejieHKoň BejiHHHHbí, MO>xeT, OAHaxo, npHBe- 
CTH K OTKJHOHeHHK) HCTOHHHK3 HHTaHHH H OÓeC- 
; tot©hhk), Apyrax noTpeĎHTejieS, npHcoeAHHeHHUx 
k ero iHiHHaM. 

2. He yiBTbiBaTb npaxTHnecxH «a- 
JI«BepOHTHbie peJKHMbl paĎOTbl CH- 
CTeMbi. Tax, HanpHMep, Ha noACTaHUHHX, HMeio- 
iHHx neTbipe jihhhh, CBH3HBax)mHe hx c reHepn- 

TiyíOmHMH HCTOHHHXaMH, X3X npaBHJIO, MOJXHO H6 
yHBTbIBaTb OAHOBpeMeHHOrO OTXJHOneHHH AByX JIH- 
HHÉ H XapOTKOrO 3aMUX3HHH Ha TpeTbeS. 

3. H 3 bi c x h b a t b c n o c o 6 bi c o« p a m e- 
hhh xojiHnecTBa 3 a m H t, ycTaHaBJíH- 
saeMbix na aíhhom sjiímchtc cBCTe- 
MU, H cnocofibl CHHJKeHHH T p e 6 O B a- 
HHH, npeATíHBJIHeMblX K 3 a m h t e. Ha 
HexoTopbix CTaHnHHx HafijiiOAaJiHCb, HanpHMep, <ia- 
crue OAHOi(J)a3Hbie BaMbixaHHH Ha 3eMjix> ABnra- 
TejaeS 3 xV co6ctb6HHux HyjXA- OTciOAa He ejie- 
Aooajio eme AeJiaTb bmooa o HeofixoAHMOCTH cpon- 
hoí ycTaHOBXH Ha ABHraTejiax sthx ct3huhh 
(a tom 6ojiee Ha ABuraTejiHX 3 xV Bcex craHUHH) 

331UHT OT 0AH0Kf)a3HbIX 3aMbIXaHHH Ha 3eMJHO. H«- 
OÓXOAHMO 6bIJIO BblHCHHTb npHMHHbl B03HHXH0Be- 
HHH 3THX nOBpeHCAeHHň H, ftCJIH OBH OÓyCJIOBJIHBa- 
jmcb njioxHM yxoAOM 3a ABHraTejiHMH, yjrynuiHTb 
HX 3XCnjIOaT3AHK) H 3THM CHHTb BOnpOC O HeOĎ- 
XOAHMOCTH yCT3HOBXH 3ailXHT OT OAHO*j)a 3 HblX 3a- 
MbíX3HHft Ha 3eMJIK). 

y ji e t axoHOMHnecxHX yc JI OB«fl. 

npeATjHBjíaeMbie x pejiefiHoň 3auiHTe TpefíoBaHHH 

AOJIHíHbl BbinOJIHHTbCH C yneTOM SXOHOMHHeCXHX 
ycjioBHH. Tax, HanpHMep, Ha reHepaTOpax óojibiuoH 
moiahocth, xax npaBHjio, nejiecoo6pa3Ho ycTaHaB- 
JIHB3Tb A0CT3T0HH0 COBepiUeHHbie 3aiAHTbI OT 
MHOrO(j)a3HbIX 3aMbIXaHHň H OAHO(|)a3HbIX 3aMbIXa- 
hhS . Ha 3 eMjno, xoth oiih nacTo h pa6oTax>T b ch- 
cTeMax c oneHb m3jiumh ToxaMH 3aMuxaHHH Ha 
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3eMjifO h noaTOMy 33MbixaHHH Ha 3eMjno HenocpeA- 

CTBeHHO SojIbUIOH OnaCHOCTH A-HH neJIOCTH CTaTOpa 
reHeparopa He npeACTaBjiax)T. 

Ecjih TaxHe >xe 3am,HTbi npHMeHHTb ajih He- 
ÓOJIbUIOrO ABHraTejIH, TO CTOHMOCTb 'HX MOJKeT 
npeBbicHTb CTOHMOCTb caMoro ABHraTejia. 

HeofíxoABMo, oAHaxo, oTMeraTb, hto x ycra- 
HOBjíeHHio 3ajpaT Ha pejieňHyio 3amHTy '6mjio 6m 
HenpaBHJIbHO nOAXOAHTb TOJIbXO C TOHXH 3peHHH 
hx a-6cojiioTHOH BejiHnHHbi. CjieAyeT ynHTUBan, to 
3naneHHe, xoTopoe HrpaeT- 3amHnjaeMbiň o6"bexT 
b Aejie oSecneneHHH 6ecnepe6o&Horo 3HeprocHa6- 
JxeHHH noTpefíHTejieň, h to, xax mojkct orpa3HTb- 
ch HecoBepuieHHoe AeftcTBHe ycranoBJíeHnoH Ha 
HeM 3am,HTbi Ha pafíoTe ocTajibHofl HenoBpe*AeH- 
hoh nacTH cHCTeMbi. vCjieAyeT noMHHTb, hto 3ama- 
Ta, ycTaHOBJíeHHaa na abhhom ofí-bexre, HMeer 
cbohm HasHanenHeM He Tojibxo ero 3amHry ot 
HOCJieACTBHň BO 3HHXHOBeHH H noBpescAeHHH, HO 
Taxsce l('H nacTo b 6ojibinefl Mepe) oSecneneHHe 
SecnepeĎoHHOH paóorbi ocTajibHOH HenoBpejKAen- 
Hoň nacTH CHCTeMU. 

HHorAa oahh cjiynafi HenpaBHJibHon hjih Heco- 
BepuieHHoň pafioTbi aamHTbi mojkct npHHecni ro- 
cynapcTBy yfíbiTRH, bo mhoto pa3 inpeBocxoAHmHe 
3aTpaTbi, HeofixoAHMbie a jih ycTaHOBXH yjiynureH- 
HOŽ '3amHTU. 

IIpH noAXOAe k onpeAejieHHK) sthx yfiurxoB 
HeadxoAHMO ncxoAHTb »e H3 ctohmocth iHeAoor- 
nymeHBofl norpeÓHTejiio ®cji©ACTBHe aBapun 9Hep- 
THH, a H3 CTOHMOCTH HeAOBbipafiOTaHHOÍI nOTpeĎH- 
TejIÍ^MH npOAyxnHH, BCJieACTBHe npOCTOH, CHHJKe- 
hhh ee xanecTBa h t. n. 

C Apyroft cropoHbí, 3aTpaTbi na pejieňHyio 3a- 
mHrry onpeAejiHK>TCfl He Tojibxo nepBOHanajibHoň 
CTOKMOCTbK) 33IHHTbI H ee MOHT3HCa. HeOÓXOAHMO 
xaxjxe ynHTbiBaTb Te oxcnjioaTauHOHHbie pacxoAU, 
xoTopbie HAyT Ha ee npoBepxy, peryjinpoBxy 
h t. a- B HexoTopbix cjiynaHX sth pacxoAbi motvt 
A ocTaTonHO 6ticrpo nepexpbiTb nepBOHanajibHyio 
CTOHMOCTb 3aiHHTbI. 

rtosTOMy ajih npocTbix ranoB 3amHT, ycTaHaB- 
jiHBaeMbix b pacnpeAejiHTejibHbix ceTHX noTpeĎH- 
Tejiefi h na caMHx TOXonpHeMHHxax {a Ha ocy- 
mecTBjíeHHe sthx 3amHT hact nofAaBjíaiomaH nacTb 
odměro xojiHnecTBa pejie, TpefiyromHxcn ajih SHepro- 
CHCieMbi), xax npaBHJio, nejiecoo6pa3Ho npHMe¬ 
HHTb 6ojiee npocTbie h HaAe>xHbie no xoHCTpyx- 
uhh pejie, Tpe6yK)iu,He MeHbniero yxoAa bo BpeMH 
sxonjioaTaiiHH, HecMorpn Ha yxyAineHHe nexoTo- 
pbix ajiexTpHnecxHX napaMeTpoB 3aui;HTbi. 

3. OcyiuecTBJíeHHe 3aiuHTu. Hanfiojiee cyine- 
CTBeHHblM HBJíeHHeM, COnpOBO*AaiOUíHM B03HHX- 
■HOBeHHe b ajiexTpirqecxoH cncTeMe xopotxhx 3a- 
MUXaHHS, B ifiojIbUIHHCTBe CJiynaCB HiBJIHeTCH B03- 
pacTaHne Toxa ao BejiHHHH, 3HanHTejibHo npefioc- 
XOAHIAHX MaXCHMajIbHUe AJIHTejIbHO AOnyCTHMbie 
ero 3HaneHHH. 

ri03T0'My OAHHMH H3 nepBblX nOHBHJIHCb M a X- 
CHMajibHue ToxoBue 3amHTH, achct- 



Byiomne b tom cAyaae, Konaa tok b 3amHmaeMOM 
-jieMenTe Ha^iHnaeT npeBHinaTb HeKoropyio m3kch- 
MajibHyio.N 3 apa»ee ycTaHOBJíeHHyro BeAHHHHy. Ohm 

MOPAH 'ÓbITb HCn0JIb3OBaHbI H iUJIH 3amHTbI OT «e- 
aonycTHMbix neperpyaoK, KOTopbie TaiOKe xapan- 
TepH3yiOTCH B03paCTaHH€M TOKa. 

IIjiaBKHe npefloxpaHHTejiH. MaxcH- 
Majibaan TOKOBaa 3autHÍa mojkct 6bHb ocymecT- 
BjieHa nocpeACTBOM n ji a b k h x npeAOxpaHH- 
t e a e fl hjih p e ji e. 

rijiaBKHe npefloxpaHHTejiH hmějih v hmciot oqenb 
6oiJibuioe padnpocTpaH€HHe b CHCTeMax Heffrwib- 
ÍJUOŘ MOmHOCTH H HeBbICCKOrO HaOipHJKemifl. 

C pa3BHTHeM SJíeKTpHHeCKHX CHCTeM, C yBeJIH- 
MeHH€M MOmHOCTH OT^ejIbHblX SJíeMBHTOB H CHCTe- 
mw b uejiOM ycjioxcHHJiHCb cxeMbi KOHiJiarypauHH 
cereft, cxeMbi kommjtt aiiHH cTaHiwfl h noACTaHimft, 
CHJIbHO B©3pOCAH 3 Ha c ieHHH TOKOB KOpOTKOTO 3a- 
MbiKaHHa, KOTopbie 'HeoĎxoaHMO OTKjitoqarb, h t. a* 

FIjiaBKHe npeaoxpaHHTejTH b pajae c.iynaeB ne- 
pecrajiH yjioBJíerBopaTb npe^BHBJíaeMbiM k hhm 
rpeóoBaHHHM, HanpHMep, b OTHomeHHH c€ji?kths- 
HOCTH, HOMHHajIbHbIX TOKOB H pa3pbIBHbIX MOIUHO- 
CTeS H CTajIH SaMOHHTbCH pejie, ACHC TByiOIIIHMH 
na OTKjiiOTOHHe BbiKJiioaaTejiefi. Pejie noipefíoBa- 
jmcb Taňme a jih ocymecTBJíeHHH pajia 3amHT, 
ocHOBaHHbix Ha apyrax npHHumnax. HeoóxoAHMO, 
OAH3KO, OTMCTHTb, HTO OflHOBpeMeHHO C paBBHTHCM 
SHeprOCHCTeM OOBepmeHCTBOBajIHCb H KOBCTpyKIíHH 
ruiaBKHX 'npeAoxpaHHTejieň. B HacToamee BpeMa 
ohh c ycnexoM npHMeHaiOTca ne tojimko b chctc- 
Max HanpHxceiraeM 500 V h HH*e, b KOTopwx a©-’ 

JIHIOTCH OCHOBHblM CIIOCOfiOM 3aWHTbI, HO T3KHÍO 
b pacnpejiejiHTejibHbix CHCTeMax ílojiee bhcokopo 
H anpajKCHHH ao 35 kV BKjiroaHTejibHo. Ha 35 kV 
OHH BHnOJIHHIOTCH B CLIIA Ha MaKCHMajIbHbie OT- 
KAioaaeMbie tokh ao 20 000 A. TaM >Ke noaBHAHCb 
Taňme npeAOxpaHHTeAH Ha 100 kV c OTKAroaaeMoň 
MOlHHOCTblO AO 1 000 MVA. 

3amHTa nocpeACTBOM njiaBKHx npeAoxpaHme- 
Aeň npeACTaBAaeT, oah3ko, cnemiajibHyio o 6 - 
JiaCTb, HeCKOJIbKO BblXOAHUtyiO 3a paMKH TeXHHKH 
p e ji e ň h o fl 3am,HTbi, h rioaTOMy b HacToameA 
KHHre He paccMaTpwBaeTca. 

P e ji e. Ochobhhm sjíeMeHTOM bchkoA cxeMbi 
peAeflHofl 3amHra aBAaerca p e a e. 

TepMHH pejie b ajieicrporexHHKe snepBbie 
óbui, noBHAHMOMy, inpHMeHeH k hokotopum rejie- 
rpaKjiHbíM npHÓopaM 1 . 

B nacToamee Bj>eMa TepMHHOM peAe o6o3Ha- 
Hae-pca [JI. 1] 3Ha<iHTejibHo 6oAee uiHpoKaa rpyn- 
na aBTOMaTHaecKHX npHĎopoB, HcnoAb3yeMbix b 
pejieflHofl 3amHTe, aBTOMaTHne, TeAeMexaHHKe, 
TeAeiJiOHHH, TeAerpa(J)HH H t. a. h 3aMHKaiomHx 
HJIH pa3MbIKaromHX CBOHM K0HT3KTHbIM OpraHOM 

ajieKTpHaecKHe uenn npH h acTynAeHHH onpeAeAeH- 

i <}>paHuv3CKoe cjiobo relais b nepBOHana/ibHOM CMbicjie 
cooTBei CTBycT pyccKOMy .nepeKaaAHue* (noítoBue jio- 
ui a ah). 


HbIX HBA0HHfl, Ha KOTOpbie OHH npeAHa 3 HaHeHbI 
pearapoBaTb. 

B COOTBeTCTBHH C 3THM BCHKOe pejie AOJIJKHO 
óĎAaAaTb cAeAyiomHMH TpeMa npH3H3KaMH: 

1) aBTOMaTHIHOCTbK) AefiďBHH; 

2) HaAHHHeM KOHTaKTHoro oprana, Moiymero 
33MbIKaTb HAH pa3MbIKaTb SAeKTpHHeCKyiO ueiib 
(cpafiaTbiBaTb); 

3) cnoco6HOdbio «cpa6aTbiBaTb» npH AOcra>Ke- 
HHH Ka«oň-AH’6o <J)H3HaeCKOfl BeJIHHHHOfl onpeA«- 
AeHHbix 3HaHeHHft hah npH h acTynAeHHH onpeAe- 

A€HHUX ^HSHaeCKHX HBAeHHfl. 

npH T3KOM onpeAejieHHH noA KaTeropHio peAe 
»e nonaAaiOT, HanpHMep, ycTpoflcTBa, ycTaHaBAH- 
BaeMbie «a BbrKAtoaaTeAax, BKAionaeMbie HenocpeA- 
CTB0HHO |(<J)Hr. B, 3) HAH Hepe3 H 3 M€pHTeAbHbie 
rpanc4>op m aTopri b nettib TOKa 3amHinaeMoro 3Ae- 
M0HT3 H npH AOCTHHteHHW 3THM TOKOM OnpeA«AeH- 
HOfl BeAHHHHU MexaHHHeCKH 
AeflCTByiomHe Ha OTKAioqaio- 
miiň MexaHHSM BHKAioaaTeAH. 

Tanne ycTpoflcTBa npeA- 
CTaBAHIOT co6ofl KaK 6bl He- 
33KOH*ieHHbie peAe, He HMeio- 
UIHe COĎCTBeHHOrO koh- 
TaKTHOro opraHa. 

Hnace sth ycTpoflcTBa b 
COOTB eTCTBHH C yCT3HOBHB- 
iueflca npaKTHKofl OTHeceHu 
TaKHce k KaTeropHH peAe h 
HM eHyioTca peAe npaMO- 
ro AeflCTBHH B OTAHHHe 
OT COÓCTBeHHO peAe, H33bi- 
BaeMbix peAe kocbch- 
HOTO AeflCTBHH. 

no npHHUHnaM AeflCTBHH 
peAe HMeiOT MHoro ofiiuero 
C H3MepHTeAbHH'MH npHĎOpaMH. OAH3KO KOHCTpyH- 
poBaHHe peAe HAeT ApyrHMH nyraMH, aeM koh- 
CTpy HipoBaHHe H3MepHTeAbHbix npHóopoiB. ; 

3to ib 3 h aaHTeAbHofl Mepe odbacHaeTca pa3HH- 
ueň b Tpe6o i BaHHHX, npeAT>HBAaeMbix k H3Mepa- 
TeAbHbíM np»6opaM h peAe. 

Hi3MepHTeAbHblň npnfiop AOAJKeH TOAbKO C AO- 
ciaTOHHOů TOHHocTbio AaBaTb HOKa3aHHH no BCeň 
niKaAe, aipnaeM BpeMa, b TeaeHHe KOTOporo sro 
noKa3aHHe ycTaHaBAHBaeTca, nacTO He HMeeT oupe- 
AeAHiomero 3HaaeHHH. PeAe *e aoajkho cpačarbi- 
BaTb b onpeAeAeHHoe BpeMa, coBAaBaa (npH 3 a- 
MHKaHHii) hjih npeoAOAeBaa (npH pa3MWKaHH«) Ha 

CBOKX KOHT3KT3X AOCTaTOHHOe HaJKaTHe H COBep- 
rnaa onpeAeAeHHyio pafioTy. 

JleňcTBHe peAe 3a HCKAroaeHHeM HecKOAbKHX 
THnOB, OCOĎO paCCMOTpeHHUX B nOCAeAyiOIH»X TAa- 
Bax B OBH3H c BonpocoM OĎ HX npHMeHeHHH, OCHO- 
3 a ho Ha 3AeKTpH i iecKOM npHHHHne. 

KaK npaBHAO, peAe HMeeT ABa ochobhhx opraHa: 

1) BocnpHHHMaiomHň, na3HaaeHHeM ko- 
Toporo aBAHerca Boonp»HHMaTb H3MeHeHHe BeAH- 
hhh {nanpHMep, TOKa, HanpaAceHHa h t. a-)> Ha Kí> * 
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•řHr. B^3. Peae 
npaMoro neficTBus. 



Topbie pejie pearapyer b cjiyaae hx orKjioHeHHH ot 

ycraHOBjíeHHbix 3HaaeHHH; 

2) HCnOJIHHTejIbHbIH, H33Ha’HeHH&M KOTO- 
poro HBJíaeTca BHnojiHHTb Ty hjih HHyio pafioTy, 
oneuwtJJMecKyK) ajih AaHHoro THna pejie (3aMbixa- 
HHe HJIH pa3MbIKaHHe CBOHMH KOHTaKTaMH OTKJIIO- 
aaiomeň ueniH BbiKjnonaTeJiH hjih KaKoň-Jin6o Apy- 
roň HenH, MexaHHiecKoe B03AeňcTBHe Ha MexaHH3M 
BbiKjiioqaTejiH). 

KJiaccHiJiHKauHH pejie. CymecTByeT 
oneHb. MHoro mctoaob KjiaccHiJiHKaimH pejie, b oc- 
HOBy KOTOpblX nOJIOJKeHbl pa3JIHHHbie npH3H3KH. 
Bce 3th MeTojibi He asiot 0AH03HaaH0íi xapaKTe- 
pncTHKH pejie, Tax KaK nocjiejiHee onpeAejiaeTca 
COBOKynHOCTbK) HeCKOJIbKHX npH3H3K0B. OflHaKO 
nojib30BaHHe sthmh MeTOflaMH Bce ke npeACTaB- 
JIHeT 3HaHHTejIbHbie yAOĎCTBa. 

Pejie MoryT 6biTb kji a c c H^) HitKpo b a h h : 

1) no npHHUHny AefiCTBHH (ajieKTpoMar- 
HHTHbie, HflflyKIIHOHHbie, SJíeKTpOflH- 

HaMHHecKHe ht. a*); 

2) no poAy BejiHHHHbí, Ha xoxopyio pearapyeT 
BocnpHHHMaioutHfi oprán « Koropaa, cjieAOBa- 
TejibHO, HojPKHa Bbi3biBaTb cpaSaTbiBaHHe pejie 
(pejie tok a, HanpaHceHHH, moihhocth, 
COnpOTHBJíeHHH, 13CTOTH H T. A-)', 

3) ino xapaKTepy H3M€HeHHH BejiHHHHH, Ha ko- 
Topyio pearupyer BocnpHHHMaiomHH opraH (m a k- 
CHMajibHbie — pearHpyiomHe Ha otkjiohc- 
H»e ajieKTpHHecKoň BejiHHHHbí b cropoHy ee 
yBejmqeHHH, hh h h M‘ a ji b h bte — b CTopoHv 
yMeHbuieHHH, AHiJiepeHHHajibHbie — peara- 
pyiomne Ha pa3HocTb cpaBHHBaeMbix MeacAy co- 
6oft OAHOpOAHbIX SJíeKTpHHeCKHX BeJIHHHH HJIH 
MOMBHTOB CHJI, BbI3BaHHbIX HX AeHCTBHĚM); 

4) no xapaKTepwcTHKe BpeMeHH cpafiaTbiBaHHH 
[JT. 2] é bi c T>p oa« fí ct b y io m ae — BpeMH 

AefiCTBHH KOTOpbJX npH HHTHKp 3THOH BeJIHHHHe 

ycTaBKH He aojukho npeBocxoAHTb 0,04 cen; h e- 
óbic-rpofleHCTiByiomHe — BpeMH whctbhh 
KOTOpWX npH AeCHTBKpaTHOH BeJIHHHHe yCT3BKH 

He aojijkho JipeBoexo^HTb 0,15 cen; c BHjep*- 
Koft b p e m e h h — y KOTopwx cneuHajibHO co- 
3naeTCH 3aMefljieHHe); 

5) no cnocoóy bkjhoh€hhh BocnpHHHMaiomero 
opraHa (n e p b h q h bi e — BocnpHHHMaiomHH op- 
ra« KOTopbix BKJnonaeTCH HenocpeACTBemio b uenb 
3auiHmaeMoro sjíeMenra, BTopHiHbie — boc- 
npHHHMarouiHfi opraH KOTopbix npHcoeAHHaeTca k 


3amHmaeMOMy ajieMemy nepe3 H3MepHrejibHbie 
TpaHctJxipMaTopH); 

6 ) 'no cnocoĎy bo3achctbhh HcnojiHHrejibHoro 
opraHa Ha BHKjnonaTejib (npaMoro h koc- 
b e h h o r o aeftcTBHH); 

7) no poay KOHTaKTOB i(c 3 a m w k a io m h m h 
H pa 3 MbIKaiOm,HMH KOHTaKTaMH). 

KJiaccH<j)HKanHH 3amHT. IlpHMeHHeMbie 
b HacToamee BpeMH npHHnnnbi 3amHT MoryT 6biTb 
noapa3iiejieHbi Ha cjieAyiomHe neTbipe ocHOBHbie 
KaTeropHH: 

1. MaKCHMajibHaa t o k o b a a 3amn- 
t a, AeflcTByromaa c BbiAepjKKoň BpeMeHH hjih 
6e3 iBbiAep*KH BpeMeHH npH npeBHineHHH tokom 
3apaHee ycTaHOBJíeHHoň BejiHHHHbi. 

3th 3 amHTbi MoryT 6 bm> b oahhx cjiyaaax He- 
HanpaBJíeHHbíMH, b Apyrax cjiyaaax ajih oůecne- 
aeHHH cejieKTHBHocTH HanpaBJíeHHbíMH, t. e. Aefi- 
CTByiomHMH TOJibKo npH onpeAeJieHHOM Hanpas- 
JieHHH MOmHOCTH. 

2. JlHCTaHUHOHHaa 3 a m h r a, Aeftcr- 
Bjnomaa c bha^P^kkoh BpeMeHH, aBTOMaTHaecKii 
yBejiHHHBaiome&CH npH B03pacTaH»H paccToa«Ha 
(«AHCTaH'HHH») ot MecTa ee ycTaHOBKH ao Mecra 
noBpeacAeHHa. 

3TH 3 amHTbI, KaK H M3KCHMaJIbHbie TOKOBbie, 
MoryT 6 biTb HanpaBJíeHHHMH hjih HenanpaBJíeH- 
HblMH. 

3. JlH(j)epeHiiHaJibHafl 3amHiia (6e3 
BMAepjKKH BpeMeHH), AeňcTByiomaa b tom cjiy- 
aae, ecjiH pa3HOCTb AByx hjih HecKojibKHX cpaBHH- 
BaeMux MeacAy eoóofi oahopoahhx BejiHHHii 

(OĎbWHO TOKOB) HJIH .OĎyCJIOBJíeHHblX HMH MOMeH- 
tob cha npeBocxoAHT 3apaHee ycTaHOBaeHHyio Be- 
AHHHHy. 

4. Ha npaBjíeHHaa 3 auiHTa c 6 aokh- 
p o b k o Ř (6e3 BHAepjKKH BpeMeHH), AeftcrByio- 
maa b tom cjiyaae, KorAa MomnocTb Ha o6ohx 
KOH uax 3amnmaeMoro aneMeHTa CHCTeMH HanpaB- 
jieHa b '3T0T 3JieMeiiT. 

He Bce nepeaHCAeHHbie npHHHHnbi npHMeHaioT- 
ca a jih ocymecTBJíeHHH 3amHT AioĎoro aaeMeHTa 
3 AeKTpHHecKofl cHCTeMbi. Ha npaKTHKe ®ce ohb 
HC'nOAb3yK)TCH TOAbKO AAH OCyiHeCTBAeHHH 3aiIWT 
jiwkhh 3AeKTponep^naTO. 

C Apyrofl cTopoHbí, raaBHbíM o6pa30M npH Bbi- 
HOAHeHHH 3aiH,HT M3UIHH H TpaHc4>OpMaTOpOB, npw- 
XOAHTCH HCnOAb30B3Tb H HeKOTOpHe CneHHaAbHbie 
npHHHunbi, paccMarpHBaeMbie HH*e oahob p©Me hh& 
C BOnpOCOM 06 HX npHMeHeHHH. 



rJIABA ÍIEPBAfl 


BHUbl nOBPEMflEHHfl H HEHOPMAJILHbIX PEVKHMOB PAEOTbí 
B03flyiUHbIX H KABEJlbHbIX CETEft 


1. BHflbl ITOBPEHÍJI,EHHft 

B Tpex$a3HHX ceTHX pa3AHHaioT CAeAyiomHe 
ocHOBHue noBpeacAeHHa: 

1) TpeX(pa3Hbie 3aMblK3HHH (3aMbIK3HHH MeacAy 

TpeMH <pa 3 aMH, 3 aMbixaHHH Tpex <pa3 na 3eMAio 
b oahoB Tonxe — Tpex(J)a3Hbie 33MbixaHHH Ha 36mjiio 
h^h b pa3Hbix Tonxax — TpoftHbie 3aMuxaHHH Ha 
3eMAK>); 

2) AByx<|)a3Hbie 3aMHxaHHH (3aMbiKaHHa MeacAy 

AByMH (pa3aMH, 3 aMbwaHHH AByx 4>a3 Ha 3eMAx> 
b OAHoň Tonxe — AByx(pa3Hbie 33MbiKaHna Ha 3eMjiro 
h^h b pa3Hux Toaxax — ABOňHbie 3aMbiKaHHa Ha 
3eMflio); 

3) oAHO<j)a3Hbie 33MbixaHHH Ha 3eMAK>; 

4) oĎpuBbi oaho8, flByx hah Tpex (J>a3. 

B ceTHX HHorAa nponcxoAHT h óoAee caohc- 
Hbie noBpeacfleHHH, npeACTaBAHiomHe co6oň xom- 
ÓHHauHH AByx hah HecxoAbXHx H3 nepenHCAeH- 
hux Bunie noBpeatfleHHft (ofipuB 4>a3bi ahhhh c 

OAHOCTOpOHHHM OAHO<pa3HbIM 3aMbIK3HHeM Ha 3eM- 

.nio, oflHO(})a3Hoe 3aMbiKaHHe Ha 3eMAH) c oaho- 

BpeMeHHUM 3aMbiK3HHeM MeacAy AByMa ApyrHMH 

4>a3aMH h t. n.). 

B npouecce pasBHTHa noBpeacAeHHH npocTbie 
3aMbixaHHa MoryT nepexoAHTb b 6 o Aee CAoacHue 
(HanpHMep, OAHO<j)a3Hoe 3aMUK3HHe b A8yx<J)a3Hoe 
Ha 3eMAio) h, HaoSopoT, caoacHbie — b 6oaee npo- 
CTbie. 

nepexoA npocTbix 3aMuxaHHň b 6oaee caohc- 
Hue nponcxoAHT HanĎoaee nacTO, npHaeM hhcao 
T axHx nepexoaoB 6yAeT TeM MeHbuie, aeM 6u- 
CTpee OTKAioaaioTCH noBpeacAeHHH. 

ripHHHHbl B03HHKHOBeHHH nOBpeaCAeHHň MOryT 
6biTb cae^yiomne: 

1) HenpaBHAbHbie AeňCTBHH axcnAoaTaijHOH- 
Horo nepcoHaaa (BXAroneHHe noA HanpaaceHHe 3a- 
3eMAeHH0ň ahhhh, HaxoAHBuieflcH nepeA sthm b 
peMOHTe, pa3puB pa3T>eAHHHTeAHMH paóoaero hah 
eMKOCTHoro Toxa h t. n.); 

2) 3AoyMbiuiaeHHue noBpeacAeHHa (HaópocM Ha 

B03AyUIHUe AHHHH H T. A.)j 

3) npoóofl HAH nepexpUTHe H30AHT0p0B B03- 
AyuiHbix ahhhh b pe3yAbTaTe npaMHX yAapoB 
moahhh hah nepeHanpHaceHHft, B03HHxax)mHX Ha 
npoBOAax; 

4) o6pMBbi npoBOAOB h TpocoB, HanpHMep, OT 
roAOAeAa h BHĎpauHft; 

5 ) HapymeHHH H30Ahii,hh achbothmmh h nTH- 
uaMH (nonaAaHHe xpuc Ha xaĎeAbHue bopohxh, 
nocaAxa nTHii Ha poroBue pa3pHAHHKH h TpaBepsu 
OnopHMX H3OAHT0p0B)j 

6) nepexpuTHa H30 ahtopob npn hx 3arpH3He- 
hhh; 


7) 3aMbixaHHe hpoboaob CTpeAoň noABHacHoro 
xpaHa, raňAponoM agpoCTaTa, xopnycoM caMO- 
AeTa; 

8) MexaHHHecxne noBpeacAeHHa onop, noAOMxa 
H30AHT0P0B pa3T>eAHHHTeAeň, CXAeCTbIBaHHe npo¬ 
BOAOB B03AyniHWX AHHHft H T. A. 

no aMepHxaHCXHM AaHHbíM noBpeacAeHHH b ce- 
thx b KOAHHecTBeHHOM OTHOiueHHH pacnpeAeAH- 
kjtch npHMepHo CAeAyx)uiHM o6pa30M [JI. 1]: 

OAHo4>a3Hue 3a«biKaHHíi Ha 3eMJiio ........ 65% 

AByx4>a3Hiiie h abomhuc 3aMbiKaHna Ha 3eMAio . . . 20% 
33MbIKaHHH MOKAy AByMfl ({)a3aMIl.10% 

Tpex$a3Hue 3aMbiKaHHfl. 5% 

HandoAbmee h HaHMeHbmee hhcao noBpe>x- 
AeHHň pa3AHHHOrO BHAa B OTAeAbHbIX CHCTe- 
Max Clil A H3MeHHK)TCH Ťax: 

OAHo4>a3Hbie 3a.MUKaHHfl Ha 36MAK) . 30—97% 
AByx<i>a3Hue h ABofiHbie 3aMbiKaHHH 


Ha 36MA10 . .0—45% 

33MWKaHiia MeacAy AByMH $a3aMH . 0—54% 
Tpexc})a3Hbie 33MbtKaHHH.0—36% 


TOAbXO OAHO(pa3Hbie 3aMblKaHHH Ha 3eMAIO 
npOHCXOAHAH bo Bcex CHCTeMax; APyrne bhaw 
noBpexAeHHň b HexoTopbix CHCTeMax coBepuieHHO 

0TCyTCTB0B3AH. 

Ha OTHOCHTeAbHoe KOAHnecTBo Tex hah hhux 
bhaob noBpexcAeHHň b ceiax h Ha xapaxTep hx 
IIpOTeXaHHH OKa3UBaK>T BAHHHHe yCAOBHH, b ko- 
Topbix paóoTaeT AaHHaa ceTb. Tax, HanpHMep, 
ABOŘHUe 33MbIXaHHH Ha 3eMAX) AAH CHCTeM C Ha- 
TAyXO 333eMAeHHblMH HyAeBblMH TOHK3MH HBAH- 
K)TCH M3A0 BepOHTHblMH nOBpeHCAeHHHMH; Haoóo- 
poT, A-a« ceieň xoMneHCHpoBaHHbix, He HMeromax 
aBTOMaTHHecxoro OTXAroneHHH OAHO(J)a3Hbix 3aMU- 
xaHHŘ Ha 3eMAK>, TaxHe noBpeacAeHHH npn hcao- 
CTATOHHO BblCOKOM ypOBHe H30AHUHH HBAHIOTCH 
OTHOCHTeAbHO HaCTbIMH. 

Ha ahhhhx c coxpameHHWM paccTOHHHeM Me- 
acAy 4 53331111 H 3eMAefl (ahhhh c TpocaMH, Ha ace- 
Ae3HbIX onopax H T. A.) XOAHHeCTBO 0AH04>a3HWX 
3aMbIX3HHň Ha 3eMAK> no CpaBHeHHK) C 3aMbIKa- 
hhhmh MeacAy 4»a3aMH B03pacTaeT. 

KaatAoe H3 nepenHCAeHHHx noBpeatAeHHň xa- 
paKTepH3yeTCH COOTBeTCTByK)IUHMH BeXTOpHblMH 
AnarpaMMaMH tokob h HanpjmeHHn. 

J[eňCTBHe SAexTpnnecxHx peAe, npeAHa 3 HaqeH- 
Hbix a-íih pafioTH npn B 03 HHKH 0 BeHHH noBpeatAe- 
hh8 b ceTHX, Taxace onpeAeAseTCH noABOAHMbiMH 

K HHM TOX3MH H H3npH)KeHHHMH. 

nOSTOMy HHHte paCCMaTpHBax)TCH BexTopHbie 
AHarpaMMH tokob h HanpnaceHHfl aah Bcex ochob- 
hhx bhaob noBpeacAeHHft b aAexTpnqecxHx ce¬ 
THX. 

B ueAHx ynpomeHHH pacneTOB, a Taxace aah 
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6<wiee aeTxoro buhb^ichhh <t>H3Haecxoťi ctopohu 
ocHOBHbix cooTHomeHHň, paccMaTpHBaeTCH paAH- 
a^bHan ceTb c oahoctopohhhm nHTaHHeM; AHa- 
rpaMMbi CTpoHTCH AAa HaaaAbHoro MOMeHTa no- 
BpeMcaeHHB, npeanojiaraa Harpy3Ky OTCyTCTByro- 
meft. yqeT tokob Harpy3KH h AByxcTopoHHero 
IIHTaHHH npHBOflHTCH AOnOAHHTeAbHO TOAbKO«>AAH 
HanĎOAee xapaxTepHbix CAyaaeB. 


iotch fcax naaeHHH HanpaaceHHa ot AaHHoS tomkh 
AHHHH AO B03HHKmeft BCAeACTBHe 3aMbIKaHHa Hy- 
AeBOň tohkh W , noTeHiinaji xoTopoň no otho- 
ineHHio k 3eMAe paBeH hvak). Hpn btom noAoacH- 
Te^ibHoe HanpaB^eHne HanpaateHHa coBnaAaeT c 
nojioacHTeJibHbíM HanpaB^eHHeu Toxa b yxa3aHHOM 
yaacTxe. 

HanpaaceHHe Uaf 4>a3u A b Toaxe F coBna- 


2. 3AMMKAHH8 MEMífly TPEM8 4>A3AMH 

CHMMeTpnaHblMH 3aMbIKaHHHMH MeaCAy 
TpeMa 4>«3aMH b Toaxe F ahhhh ((j)Hr. I, la) Ha- 
3biBaioT Taxne, npa KOTopsix nepexoAHbie conpo- 
THBACHHa R n b MecTe noBpeacaeHHa (HanpnMep, 
aKTHBHbie COnpOTHBAeHHa BOAbTOBUX Ayr) BO 
Bcex Tpex (Jja3ax HMexvr OAHHaxonyx) BeAHHHHy 
hah paBHbí hvaio (cAyaaň MefaAAHaecKoro 3aMbi- 
xaHHa). 

BexTopHaa AHarpaMMa 
tokob h HanpaaceHHň CTpo * 

HTca aah paccwaTpHBaeMoro 
CAyaaa b CAeAyxjmeM nopaA- 
Ke. 

3aAaroTca oAHHaxoBbíMH 
yCAOBHblMH nOAOaCHTeJIbHHMH 
HanpaBACHHaMH a. a. c. Tpex 

4>a3 E a ,E b h Ec h Ha Bex- 
TopHofl AHarpaMMe ((Jmr. 1,16) 

H3o6paacaioT hx TpeMa Bex- 
TOpaMH, CABHHyTMMH Ha yTAbl B 120°. 

BeAHHHHy TOKa, HanpHMep, aah 4 )a3bI on 

peAGAHKDT H3 BbipaaceHHH 


AaeT no '<J>a3e c I A h paBHO 

Úaf=R„-Ía- 



<Pm\ 1,1. CnMM6TpHHHoe 3aMbiKaHHe Meaífly TpeMa $a3aMH. 

HanpaaceHHe Ú ap <J )a3W A b Toaxe P (HaaaAO 
ahhhh) paBHO 


/ _£d_ C[ i\ 

A ~R a + fi* + K»+j(X,+XJ x K ’ } 

rAe R a , R a h X 3 , X a — axTHBHbie h peaxTHBHwe 
conpoTHBAeHHa noAoacHTejibHOfi nocAeAOBaTeAb- 
HOCTH (paČOHHe conpoTHBAeHHa) SKBHBajieHTHOň 
reHepnpyromeň aacTH CHCTeMbi h ahhhh ao MecTa 
ee no-peacAeHHa b Toaxe F. 

,Hah tokob xax b A3hhom cayaae. Tax h npn 
pacCMOTpeHHH Apyrnx bhaob noBpeacAeHHň npn- 
hhth Te ace ycAOBHwe noAoatHTeAbHbie HanpaB- 
JieHHH, aTO H AAH COOTBeTCTByromHX 3. a. c. 

B AaHHOM CAyaae tok I a H3o6paacaeTca Ha 

AHarpaMMe BexTopoM, OTCTaxjiuHM ot Ea Ha yroA 
<pc, onpeAeAaeMHň M3 BbipaaceHHa 

Tc-arclg ■ (1,2) 

A6C0AK>THHe BeAHapHbl TOKOB Tpex 4>a3 B pac- 
CMaTpHBaeMOM cAyaae paBHbí, a BexTOpbi tokob 
CABHH yTbi no OTHomemno x a. a. c. cbohx $ a3 
Ha OAHHaxoBbie yrAbi <pc- 

í>a3Hbie HanpaaceHHa, noA kotophmh Hnace 
noHHMaxjTca HanpaaceHHa c|)a3 no OTHOiueHHK) x 
3eMAe, aah pa3AHHHbix Toaex ahhhh onpeAeAH- 
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Oap = (,R„-^~ Ra-^-JXa) /a- (M) 

yroA CABHra 9 3 MeacAy Uap h Ia- 

cp3 “ arctg ^+^7- (I>5) 

npn MeTaAAHaecxoM 3aMuxaHHH MeacAy 4>a- 
33 mh (R n = 0) yroA CABHra MeatAy (J)a3HMMH Ha- 
npaaceHHHMH h tokom ocTaeTca Ha BceM npoTa- 
aceHHH ahhhh b npoTHBOnoAoaíHOCTb yrAy <p 3 no- 
CTOHHHblM H paBHblM Tax Ha3bIBaeMOMy HMneABHC- 

HOMy yrAy ahhhh: 

<p K =arctg^-. (1,6) 

B AeftCTBHTeAbHWX yCAOBHHX B03HHKH0BeHHH 
noBpeacAeHHft aepe3 R n HeodxoAHMo cxopee caH- 
TaTbCH C B03M0aCH0CTbK) HeCHMMeTpHaHHX 3aMbI- 

xaHHfl MeacAy TpeMa (paaaMH ($Hr. I,2a), aeM chm- 
MeTpnaHbix. 

HecHMMeTpnqHbíMH 3aMuxaHHaMH Me~ 
acAy TpeMa 4ia3aMH Ha3WBaK)Tca Taxne, npn xo- 
Topbix R n b MecTe noBpeacAeHHa hmckjt b pa3Hbix 
4>a3ax HeoAHHaxoBbie BeAHaHHH. 



nocTpoeHHe BeKTopHoS AHarpaMMbi ajih 3Toro cjiyqaa 

npOH3BOAHTC» CJieiiyiOmHM 0Óp?30M. 

OnpeflejiíiioT Uw HyjieBofi to^kh W no othouiohhio k 
H yaeBoň Toqne CHCTeMU hjih, qio to ace, no OTHomeHHio 
k 3e*uie, TaK KaK npn TaKOM noBpeaífleHHH HyjieBaa ToqKa 
CHCT6Mbl Z no OTHOmeHHK) K 36MJie He CMeiUaeTCH. 

Ujp BWqncJineTCH no (JjopMyjie [JI. 2] 


= 


YaEa + Yb-E b +YcE c 
Ya^Y b +V c 


(1,7) 


1. npH BOSHHKHOB6HHH nOBpeKfleHHH CyMMS 

tokob hjih HanpaxceHHfi Tpex 4>a3 ocraeTCH, k&k 
h npH HopMajibHofíi paSoTe, paBHoň Hyjno. 

2. Tokh notipeacneHHH npn cHMMeTpHHHOM sa- 

MMKaHHH CABHHyTbl no $a3e OTHOCHTeJIbHO CBO0X 
9. A- C. Ha OAHHHKOBblň yrOJI Ýc, BeJIHHHHa K0- 
Toporo onpeflejiaeTCH OTHomeHHeM cyMMH peatc- 

THBHblX K CyMMe 3KTHBHbIX COIipOTHBJíeHHň (fraSM 
OT Hy;ieBQfi TOHKH CHCTeMU flO* TOHKH W , p3C~ 


rae Y — npoBOflHMOCTH $a3 ot HyjieBoň to^kh chctcmm f 



3yeMoe h b aajibHefimeM, BnojiHe Toqno TOJibKO npn paBeH- 
CTBe conpoTHBaeHHH nojioaíHTejibHOH h OTpnuaTejibHoil no- 
cjiejioBaieabHocTH reHepaiopOB. 

Tokh onpeAejiaioTCH no ^opMyaaM: 

U—Ya-ÍBa-Úw), (Ul) 

Í b =Y b (É B -Ů W ), (1,12) 

Íc=Yc (é c -U w ). (1,13) 

^>a3Hoe HanpííHfeHHe Ka»mo& 4>a3M BbiqHCJiíieTCH KaK 
cyMMa HanpHHceHHH b Toqne W h naaeHHB HanpíjaceHHH b .naH- 
hoh $a3e ot paccMaTpHBaeMoro MecTa b ceTH ao to^kh W. 
HanpHMep, HanpaHceHHe <J)a3bi A b Toqne P : 

Oap =Ú w + (R a + R a +jX Á ).Í A . (1,14) 

Ha $mr. 1,26 nocTpoeHa BeKTOpHaH anarpaMMa aaa RacT- 
Horo cayiaa HecHMMeTpH«moro 3aMbiKaHHH MewAy TpeMa 
4ia3aMH, xapaKTepH3yeMoro cjienyiomHMH jaHHbíMH: R a = 
= R A = R B = R c = 0, nepexoflHoe conpoTHBJíeHHe R A 4>a- 
3bi A H3MeHaetca b npeAeaax ot Hyaa (MeiajianiecKoe ko- 
potKoe 3aMbiKaHiie MejKay TpeMa 4 )a3aMH ) AO óecKoneaHocTH 
(MeiaaaHMecKoe xopOTKoe 3aMbii<aHHe Me*ay cjja3aMH B 11 C ). 

Kaa c.iejiyeT H3 BeKTopHofl AxarpaMMbi, KOímw bckto- 
pOB Tona h HanpflweHHH CKoab3ar b stom cayqae no AypaM 
cooTBeTCTBytoiunx OKpyacHOCTeii [JI. 3]. 

Ha OCHOB3HHH paCCMOTpeHHfl npHBejieHHblX 
cooTHOiireHHň h nnarpaMM mojkho cnenaTb cne- 

AyiomHe bubohh: 


nojioaceHHoň 3a coiipothbjičhhhmh R n b MecTe 
noBpewneHHH. 

3. yron cflBHra <p 3 Mewny (|)a3HbiM Hanpaxce- 
hh6m h tokom, K3K h yron <p K , b oóiueM cjiyqae 
He paBeH yiviy cp c h npa CHMMeTpHHHbix 3aMWKa- 
hhhx onpene^aeTCH OTHOiueHHeM cyMMbi peaKTHB- 
HblX K CyMMe a^jTHBHblX COnpOTHB^eHHft OT TOH- 
KH W HO TOHKH CHCTeMU, K KOTOpOÍt OTHOCHTCH 

HanpflMceHHe. BeneHHHa yrna <ř 8 H3MeHneTCH c 
H3MeHeHHeM paccTOHHHB ot MecTa noBpeacHeHHH 
HO paccMaTpaBaeMoň tohkh jihhhh. yron b 
npeHenax sjíeMeHTOB, HMeiomHx hhh Bcex ToseK 

x 

OHHHaKOBoe OTHomeHHe , HanpHMep, hhh Bcen 

HHHHU nOBpe5KHeHHOfi HHHHH, COXpaHHeT nOCTO- 
HHHyiO BeHHHHHy. 

Ahh neňcTBHH peHe0HOft^3autHTU Ďonbujee 
3HaneHHe HMeioTyrnu <p 3 h <p^, a He <p c , Tax xax 
HMeHHO -yrHaMH <p 3 h <? k onpeHeHaroTCH 4>a3Hbie 
COOTHOUieHHH MeHCHy TOKaMH H HanpHHCeHHHMH r 
HOHBOHHMblMH K 33)KHMaM peHe. 

4. npn CHMMeTpHHHUX 3aMbIK3HHHX TOKH nO- 
BpexcneHHH HMeiOT Hanfionbuiee 3HaneHHe npn 
R n =0. 
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Oaimko npH HecHMMeTpHHHbix aaMUKaRHflx tokh nOBpexc- 
aeHHH b onpeaeaeHHHX 4>a3ax MoryT npeBoexoflHTb 3Haie- 
hh«, noayieHHbie mia CJiynaa MeTaaaHiecKoro KopoTKoro 
3aMbiKaHHH b Toft xce Toaxe (<£nr. 1,26; tok /#). 

5. CHMMeTpHquue Tpex^aaHwe KopoTKHe 3a- 
MHKaHHft xapaKTepH3yioTca coBepiueHHo' OAHHa- 
KOBbíM npoTeKaHHeM HBAeHHa bo Bcex Tpex <J>a3ax. 

řípu HeCHMMeTpHBHblX 33MHKaHHflX 9 TOTO He npOHCXO- 
•mht, Tax Kan tokh h Hanpa>KeHH!j cojiepiKaT c.naraiomne no- 
'jioBCHTeabHoň h oTpHuaTeabHofi noc.neflOBaTeabHOCTefl. 

6. 3aMbiKaHHa uemjiy TpeMa 4>a3aMH xapaKTe- 
pa3yioTCa b oSmeM CAyaae CHAbHHM yMeHbuie- 
hh£m Tpeyro^bHHKa AHHeftHux HanpaaceHHň. 
B npe^e^bHOM CAyaae b C 3 mom MecTe noBpeac- 
AeHHH npn MeTaAAHaecxoM kópotkom 3 aMbixaHHH 
oh npeBpamaeTca b Toaxy. 

CTeneHb onacHocTH Toro hah Apyroro no- 
BpeacaeHHa ahhhh npeac^e Bcero xapaKTepH3yeTca 
bjihhhhcm 9toto noBpeacAeHHH Ha yCTOflaHBocTb 
reHepaTopoB h HenocpeACTBeHHo na pafioTy no- 
TpeÓHTeaeň. 

C 9TOŘ TOHKH 3 peHHH TpeX(J>a3Hbie KOpOTKHe 
3auuKaHHa, conpoBoacAaiomHeca CHAbHbíM iiohh- 
JKeHHeM BCex Tpex AHHefiHbix HanpaaceHHň b ch- 
CTeMe, hbahiotch Han6oAee onacHHMH. B coBpe- 
MeHHbix saeKTpaaecKHX CHCTeMax MeTaAAHaecKne 
Tpex<J>a3Hbie KopoTKHe 3aMHKaHHa b 6 ah 3 h hihh 
OCHOBH bIX CTaHUHň, AAHIIJ.HeCH AOAee 0,2 — 
0,25 cen., MoryT yace HapyuiHTb AHHaMHaecxyio 
ycToňaHBocTb CHCTeMbi c BecbMa TaaceAHMH no- 

CAeACTBHHMH. 

CHAOBaa Harpy3Ka noTpečHTeAefi (b ocofíeH- 
HOCTH CHHXpOHHbie ABHTaTeAH H aCHHXpOHHbie, 
paóoTaromHe Ha npHBOA c nocToaHHbíM momchtom 
conpoTHB^ieHHfl), npncoeAHHeHHaa b6ah3h MecTa 
noBpeacAeHHa, rae ocTaToaHbie HanpaaceHHa He- 
BejiHKH, npn HeAOCTaToaHoft ówcTpoTe OTKAioae- 
hhh noBpeacAeHHH Moaser 6biTb noTepaHa. N 

BoAbraHe tokh noBpeacA 6 HHH pa3pymaiOT 060 - 
.pyAOBaHHe b MecTe npoóoa h onacHbí aah Bcex 
TOKOBeAymHx aacTefi c tohkh 3peHHa hx ahh 3- 
MHaecKoň h TepMnaecKoň ctoííkocth. 

nosTOMy Ha ahhhhx Bcer^a HeodxoAHMO ycTa- 
HaBAHBaTb 3amHTy, pearnpyiomyK) Ha Tpex(J)a3HHe 
33MbIKaHHa, HeCMOTpa Ha OTHOCHTeAbHyiO peAKOCTb 
HX AAH HeKOTOpbIX THnOB SAeKTpHHeCKHX CeTefl. 
Oaho H3 ochobhux TpeĎOBaHHň, npeA^HBjíaeMbix 
k 3Toň 3amHTe, — ówerpoTa OTKAioaeHHa noBpe- 
HCAeHHň. 

3. 3AMbIKAHHfl MEiKfly ABYMfl <J>A3AMH 

PaccMaTpHBaeTca 3aMbiKaHHe Meac^y AByMa 
<|>a3aMH B h C b Toaxe F ahhhh aepe3 nepexoA- 
Hoe conpoTHBAeHHe (4>hi\ I,3a). JUah yAOĎCTBa 
nepexoAHoe conpoTHBAeHHe b Toaxe W pa3ÓH- 
BaeTca Ha Aee paBHbie aacTH, BeAHHHHoň R n xajK- 
A3 h, KOTopue MoryT 6biTb OTHeceHbí k cooTBeT- 
CTByiomHM (J»a3aM. TaKHM o6pa30M noAHaa bcah- 
aHHa nepexoAHoro conpoTHBAeHHa očosHaaaeTca 
aepe3 2R n . 
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BeKTopHaa AnarpaMMa tokob h HanpaaceHHfl 
CTpoHTca b caeAyioiueM nopaAKe (<|mr. 1,36). 

CyMMa tokob Tpex <J»a3 npn OTcyTCTBHH ao- 
noAHHTeAbHoro nyTH aah hx npOTeKaHHa BcerAa 
paBHa HyAio. Tok Ia b HenoBpeiKAeHHofi <J)a3e A, 
CHHTaa coraacHO ycaoBHio Harpy3Ky OTCyTCTByio- 
mefi, Taxace paBeH HyAio. IlosTOMy 

/b+/c=0hah /c=— Ib. (1,15) 

Tok /b onpeAeAaeTca no BTopoMy 3axoHy Kapx- 
ro<f)a AAa KOHTypa, cocTaBAeHHoro AByMa noBpe- 
5KACHHbIMH (pa3aMH B H C: 

_ Ě B — Ě c _ .. 

B 2[R a + R Jl + R n - i -j(X a -i-X A )]- V> 10 ’ 

npa 9 tom npeAnoAaraeTca, hto reHepaTopu 
bMeiOT OAHHaKOBbie COnpOTHBACHHa nOAOWHTeAb- 
Hofl h OTpHuaTeAbHoň nocAeAOBaTeAbHOCTeň. 

Ha BeKTopHoft AHarpaMMe/s H3o6pa3HTCa cabh- 

HyTblM no OTHOUieHHIO K 9. A. C. Éj sc = Éb — Ěc 
Ha yroA <?c, onpeAeAaeMbift no (1,2). BeKTOp 

Ic CABHHyT oTHocHTe^ibHO I B Ha yroA b 180°. 

í>a3Hue HanpiiaceHHa onpeAeAaioTca, hcxoa« 
H3 toto coodpaweHHH, hto cyMMa 4>a3Hux Hanpa- 
aceHHft aah Aiodoň Toaxn CHCTeMbi, b .Ttew aac^e 
h AAa TOaKH W, paBHa HyAio: ' 

Úaw~\~ Úbw-\- Ucw^O. (1,17) 

KpoMe toto pa3HOCTb 4>a3Hbix HanpaaceHHň 
noBpeacAeHHbix (j)a3 BhC b Toaxe F npa MeiaA- 
AHaeCKOM KOpOTKOM 33MUKaHHH HAH B TOaKe W 
npa 3aMbixaHHH aepe3 2 R n AOAHCHa Taxace paB- 
HHTbCH HyAio: 

Úbw — Ůcw =s> 0 . 045 ) 

HanpaHceHHa <J>a3 B h C b Toaxe W Ha ocho- 
B3HHH (1,17) h 048), a TaKHte npHHHMaa bo 

BHHMaHHe, hto HanpaaceHHe Ú AW 4> a3U A paBHO 
É A , ,0Ka3biBai0Tca paBHbmn 

0bw= Ůqw= — 0,5Ě a . 049) 

Ha BeKTopHoň AHarpaMMe ohh H3o6pa38Tca 
nepneHAHKyAapoM, onymeHHUM H3 ee neHTpa Ha 

npaMyio, coeAHHaioinyio kohuu Eb h Ec. 

<l>a3Hbie HanpaaceHHa aah Aioóoň Apyroii tohkh 
b ceTH HaxoAHTca npHĎaBAeHHeM k HanpaaceHHHM 
$a3 b ToaKe W naAeHHft HanpaaceHHň b hhx ot 
paccMaTpHBaeMoro MecTa Ha ahhhh ao yKa3aHHOň 
tohkh W. 

Tax, HanpHMep, HanpaaceHHa <j)a3 B h C b 
T oaKe F paBHbí: 

Úbf — &bw-\- R n I b ; 0,20) 

Ůcf— Ůcw^rRjc- 0,21) 



HanpaaceHHH 4>a3 B u C b TOHKe P: 

UbP = ÚbW“\“ (Rn~\~R A “4~j^) 'Ib > 0>22) 

Ocp=Ů cw -f - ( R n “4“ R* “f" ]X*) * (I>23) 

JlHHefiHue HanpH)KeHHH MeacAy noBpencAeH- 
HblMH (|>a3aMH OnpeAe^HIOTCH KaK pa3HOCTb co- 
OTBeTCTByiOmHX (j)a3HbIX HanpH)K6HHň H Ha OCHO- 

BaHHH (1,20) — (1,23) paBHbí: 

UBCF = 2Pfi' Ib* 


Ha cooTHomeHHe BeKTopoB tokob npn 3a*fbiKaHHíix 
ueyKRy abjtmh (j)a3aMH cymecTBeHHoe BJiHHHHe MoryT oxa- 
3bIBaTb TOKH Harpy3KH. Hx BJIHHHHe paCCMaTpHBaeTCH HH>Ke 
RJlfl paAkaJIbHOH JIHHHH C OAHOCTOpOHHHM nHTaHHeM ((J)Hr. 1,4). 

BeKTOpHaa AnarpaMMa HanpaHceHHň ajih tohkh noBpe- 
MCAeHHH F npn MeTajiJiHqecKOM kopotkom 3aMbiKaHHH Mercay 
$a3aMH B h C HMeeT bha, AaHHbiň Ha <|>Hr. 1,5. Mepe3 MecTO 
noBpexcACHHH Te^eT tok, oóycaoBjíHBaiomHH b 4>a3ax B u C 
cjiaraioiuHe Ibk h Ick nojiHwx tokob. Ohh paBHbí no Be- 
JiHHHHe h cABHHyTw Ha yroa 180°. 


Ubcp —2 ( R n -f- Ra “4" jX a) * Íb* (1,25) 

yiviu CABHra MeacAy <J)a3HbiMH Hanpnnce- 
HHHMH H TOKaMH HMeiOT BČCbMa pa3AHHHbie Be- 
AHHHHbl. 

yrAH cABHra MencAy JiHHeftHHMH Hanpnace- 



W 


a 



HHHMH H TOKOM cp 3 H <? K (a^H CJiy- 

qaa /?„=0) onpeAe^HioTCH no (1,5) 
h (1,6). 

ripn R n =0 TOHKa W coBna- 
AaeT c MecTOM noBpe>KAeHHH F 
na <{|)a3ax. FlosTOMy HanpaaceHHH 
noBpe)KAeHHHx 4>a3 B n C b toh- 
Ke F 

Ubf= Ucf = — 0,5£U- 

BeKxopHbie AnarpaMMbi Hanpn- 
nceHHft npn MeTa^jmqecKHx ko- 



pOTKHX 3aMbIKaHHHX MeXCAy AByMH 
<f>a3aMH 3 HanHTe^bHO ynpomaioTCH b Tex cjiynanx, 
KorAa a^ih Bcex s^eMeHTOB cncTeMbi ot tohkh 
noBpexcA^HHH F ao Hy^eBoň to^kh reHepnpyio- 
mero nCTOHHHKa othoiughhh coOTBeTCTByiomHX 
peaKTHBHbIX COnpOTHB^eHHft K aKTHBHblM OKa3bI- 
BaiOTCH HJIH MOryT ÓbITb npHĎAHHCeHHO npHHHTbl 

OAHHaKOBbíMH, t. e. ~ = . B 9 thx c/iynaHx 

KOHAbi BeKTopoB (})a3Hbix HanpaxceHHft no Mepe 
yAajieHHH paccMaTpHBaeMoft tohkh ot MecTa no- 
BpexcAeHHH F CKOJib3HT no npnMoft, onpeAe;iHeMo8 


Harpy3Ka, npHcoeAHHeHHaa k uiHHaM noACTaHUHH, npn 
B03HHKH0BeHHH noBpeacAeHHH noTpeÓJiaeT tokh, onpeAeJia- 
eMbie TpeyrojibHHKOM ocraToqHbix HanpHHíeHHft b ToqKe F 
9th tokh 3 a cqeT HecHMMeTpHH HanpaaceHHH HMeioT cjiaraio- 
mne nojioiacHTejibHOH h OTpnnaTeJibHOH nocjieAOBaTejib- 
HOCTH. npHHHMaH COnpOTHBJíeHHH Harpy3KH B nOJIOHCHTeJIb- 
HOH H OTpHUaTeJIbHOft nOCJieAOB3TeJIbHOCTH OAHHaKOBbíMH 
(HanpHMep, ocBeTHTejibHaa Harpy3Ka), bo3mo»cho onepHpOBaTb 
nenocpeACTBeHHo c nojiHbíMH tok3mh I w . Ohh nponopuHOHaab- 
HbI ^)d3HblM HanpHiKeHHflM B TOHKe F H CABHHyTM OTHOCH- 
TeabHO nocjieaHHX Ha yroa (yroa Aaace npn ocBeTH- 
TeabHOíi Harpy3Ke MoaceT 6wTb He paBeH Hyaio, HanpHMep 
3a cqeT peaKTHBHoro conpOTHBJíeHHH nomiHeaiomero chjio 


BeKTOpOM £j5C, a AHHeftHbie Hanp^JKeHHH COB- B0r0 T Pa«C(})OpMaTOpa). TaKHM 0 Čpa 30 M l Bfi — /c« — 

naAaiOT C noCAeAHHM no (|)a3e ((|)Hr. 1,3 b). — 0,5^/^.-Pe 3 yabTHpyloupne tokh a $a3ax A, B h C, Ha 
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2 PeaeňHaíi 3amnra 


npaBJísuomHecfl k Mecty noBpexcAeHHJi, páBftM 

• • •• • •• • 

Ib — Ibk-^- Ibh* ^0 = Jck+^Ch* 
npH 3aMbiKaHHH Mexcay $a3aMH B h C nepe3 R n tokh 
H arpy3KH TaKxce nponopUHOHajibHW o^TaTO^BWM 4>a3HHM 
HanpaaceHHHM (4>Hr. 1,6) 

FlpH Harpy 3 Kax, HMeiomHX pa 3 JiHHHoe conpOTHBJíeHHe 
B nOJIOHCHTeJIbHOŽÍ H OTpHUaTeJIbHOH nOCJieAOBaTeJIbHOCTHXí 
(HanpHMep, aeHHxpoHHbie ABHraTeJiH), tokh Harpy 3 KH MoryT 
ÓbiTb onpeAeJieHU nocpeacTBOM MeToaa CHMMeTpHHHbix co- 
CTaBJíHiomHX. Ha <j>Hr. 1,7 npHBeaeHw cooTB 6 TCTBy lomné a h- 
arpaMMbi ajih CJiynaa MeTaJuiH^ecKoro 3aMUKaHHH. npH hx 
nocTpoeHHH y^HTbiBajiocb, hto cjiaraioume nojioacHTeabHoň 
h OTpHuaTeabHOH nocfleaoBaTeJibHOCTeň ocTaTOHHoro Hanpsi- 
xcemifl HenoBpeacAeHHoíi <t>a 3 bi A paBHW jipyr Apyry: 




<£hi\ 1,5. Beic- 
TopHaH anarpaM- 
Ma TOKOB H Ha- 
npHaceHHÍí npH 
Meiaaji Hne c kom 

33 MbIKaHHH MeiK- 
jcty AByMH $a 3 a- 
mh c yneTOM to- 
kob Harpy 3 KH, 
HMeiomefí oah- 
HaKOBbie conpo- 
THBJI 6 HHH B 110 - 
JIOHCHTeJIbHOfí H 
OTpHUaTeJIbHOÍI 
nocaeAOBaTeab- 
HOCTHX. 


Uaíf 8=5 Uaíf — QiSUaf- MMneAaHCbi acnHxpoHHofi Harpy3KH, 
paccwaTpKBaeMbie juia MoweBTa KpHin^ecKoro CKOJibxceBHH 
ABHraieJiefí, npHHHTbi: b nojioxcHTeabHofi nocjieaoBaTeabHocTH 
Zi H ts=i(2b+j2b )%, b OTpHuaTeabHofi EOCJieaoBaTeabBOCTH 
22«»(5+;24)°/o. Ha <J)nr. l»7a h 1,76 aanbi EeKTOpHwe 
AnarpaMMbi tokob h HanpnxceBHÍl ťa 3a*HMax Harpy3KH co- 
OTBeTCTBeHHO jiň* nojioxcHTeJibHoň h oTpHuaieabHofí no- 
caeAOBaieJibHOcieň, a Ba $nr. I,7b pe3yjibTHpyiomaH A«ar- 
paMMa noaHHx tokob h HanpjixceHHií A n H tomkh noBpe»a$- 
hhh F. H 3 ee paccMOTpeHHB b bscthocth caeayeT, hto tok 
H arpy 3 KH 4>a3bi C onepexcaeT tok Harpy 3 KH <j>a3bi B t Toraa 
KaK AO 33 WbIKaHHH ČMJIO HaoČOpOT. 

npH nocTpoeHHH BeKTopHHx jmarpaMM ;yiH 
cjiyaaeB 3aMb!KaHHfi Meacny íByMa <Jja3aMH HHor- 

A& AAH J c 33A3K)TCH np0THB0n0J105KHb)M no CpaB- 
BeHBIO C DpHHBTblM BblUie nOJIOJKHTeJIbBblM HanpaB- 
jieHHeM. ripn 3 tom paecMaTpuBaeTCfi xan 6u o^hh 
tok noBpeacaeHHH b 33MKHyTOM KOHType, coctob- 
meM H3 nbyx noBpeacaeHEbix $a3 Ba C. He- 

OČXO^HWO, OÍHaKO, HMeTb B BH^y, HTO BeKTOpHflH 
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JláfáípaMMá ťjmr. 1,36 HMeer cmmcjí to;h>ko npn 
yqeťě npHHHTbix Hee no.roacHTe.nbHbix HanpaB- 
^eHné tokob h a. a. c. Ibia paccMaTpHBaeMoro 
BapnaHTa OHa aojiacHa 6biTb H3MeHeH'a Tan, nTo6bi 

BeKTop Ic coBna^a^ no <J>a3e c Ib. 

Ha 0CH0B3HHH paCCMOTpeHHH npHBeAĚHHblX 
b blíne ceoTHomeHHň h ^narpaiiu MoatHO c^e-mb 
c^enyiomne BWBonu: 

1. Ilpn B03HHKH0BeHHH nOBpeXC^eHHB CHCTeMa 

ocTaeTCfl-ypaBHOBenieHHOft. 



(pnr. J,6. BeKTOpnaa aHarpaMMa tokob h iiaripsa-enHií npn 
3 aMUKaHHH Me*ay flByMa «J)a 3 aMH sepe 3 nepexoaHoe ccnpo- 
THBaeHHe c y^eTOM tokob Harpy 3 KH, HMeioineři oaHHaKOBue 
conpoTHBaeHHH BnoaoHCHTejibHoft h ©TpHuaTeabHoS nocae- 
AOBaTeabHOCTflX.J 


2. Tok noBpexcneHHa CABHHyT no OTHOineHHio 
k oóycJiOBflHBaJomeň ero pa3HOCTH a. c. Ha 
yron <řc, onpene^HeMbiň OTHomeHHeM cyMMM 
peaKTHBHbIX K CyMMe aKTHBHWX COnpOTHBaeHHň 
OT HyJieBOň TOHKH CHCTeMH AO TOVKH W, pac- 
no^oacenHoft 3a no^OBHHofl R tt nepexonHoro co- 
npOTHB^eHHH. 

3. Tok noBpeacneHHa MoxceT KaK onepe*aTb 
$a 3 Hoe HanpaxceHHe CBoeň 4>a3b!, t3k h OTCTaBaTt- 
ot Hero, npnHeM ynwi Meacny hhmh, aHa^HTnaecKH 
TpyjHO BbipaacaeMbift, b óo^bniHHCTpe c^ynaeB 
He HMeeT a^ih pe^eňHofl 3amHTbi cjmecTBeHHoro 
3HaneHHH. 

4. yivurf «p 3 h <f K onpeae^flioTCH cooTHcmeHHeM 

COnpOTHB^eHHň TOJIbKO neTJIH 3aMbIK3HHa ^o pac- 
CMaTpnBaeMoň tohkh ahhhh. 

5. ĚlpH MeTa^flHHeCKOM KOpOTKOM 33MUKaHHH 
HanpaxceHHe Mexcny noBpexcAeHHbíMH (pa3aMH 
b MecTe noBpeacneHHH paBHO Hy^io, <J>a3Hbie ace 
HanpaaceHHH noBpeatAeHHbix (J 733 wcaeBHo paBHH 
nojioBHHe oflBoň H3 a. n. c. ílpH 3aMHKaHHH ne- 
pe3 R n yKa3aHHbie cooTHomeHHa AeficTBmeabBbi 
AflB. TOHKH W. 

6. <t>a3Hbie HanpaHceHHH noBpeacneHBbix $ a3 
b TOHKax, flaxoA»mHxca he hckotopom a^eKTpH- 



MecKOM yaaaeHHH ot tohkh 1Í7, b oómeM cayqae 
no BejiHHHHe He paBHbí, npnneM HanpaaceHHe 
onepeacaiomeň (J)a3bi ( B ), KaK npaBHao, óoabine 
HanpaaceHHa OTCTaioineň <J>a3bi (Q» a npn 3HaqH- 
TeabHwx BeaHHHHax R n MoaceT 6 uTb ^aace 6 oab- 
rne s. a,, c. 

7. HanpaaceHHa Meacay HenoBpeacaeHHoft 4> a * 
3oft (/!) h noBpeacaeHHUMH b očineM cayqae Tan- 
ate He paBHbí, npaqeM Ďoabinyio BeanqHHy, KaK 
npaBHao, HMeeT HanpaaceHHe Meacay HenoBpeift- 
aeHHofi 4>a3ofl h onepeacaiomefl noBpeacaeHHOft ( B). 



H2 


1,7. BeKTopHaa AiiarpaMMa tokob h HanpsnKeHHft 
npn MeiajuiHqecKOM 3aMbii<aHHH Me»fly flByMH <|>a3aMH c 
yqeTOM tokob Harpy3KH, HMeiomefi pa3JiH*rabie conpo- 
THBJI6HHH B IIOJIOHCHTeJIbHOH H 0TpHUaT6JIbH0H IIOCJieAO- 
BaTeJIbHOCTflX. 

řípa 3HaHHTeabHbix BeaHHHHax R n Uab MoaceT 6uTb 
aaace 6oabine pa3H0CTH cooTBeTCTByiomHx 9. a. c. 
E ab (óoabine V^E), a HanpaaceHHe Meacay He- 
noBpeacaeHHOft 4>a3oň h OTCTaioinefl noBpeacaeH- 
Hoň Toro ace nopaaKa, hto h ocTaToqHoe Hanpa- 
aceHHe Meacay noBpeacaeHHbíMH <|>a3aMH. 

8. HanpaaceHHe HenoBpeacaeHHoft 4> a3 H b Ha- 
MajibHbiň MOMeHT noBpeacaeHHa ocTaeTca npHMep- 
ho t 3 khm Ke, k3khm 6biao npn HopMaabHOň padoTe. 

9. 3aMbncaHne Meacay aeyMa cj>a3aMH xapaK- 
TepH3yeTca b odineM cayqae CHabHbíM yMeHbme- 
HHeM TpeyroabHHKa aHHeňHbix HanpaaceHHft, nao- 
uiaab KOToporo npn MeTaaanqecKOM noBpexcaeHHH 
aaa TOHKH 33MbIKaHHH CT3HOBHTCH paBHOH HyaiO. 

BeKTopHHe anarpaMMbi, no,CTpoeHHbie aaaTie- 
pexoaHux h ycTaHOBHBniHxca 3HaqeHHň nepnoan- 
necKofi caaraiomeft tokob 3aMbiKaHHa, MoryT no 

CBOHM COOTHOmeHHHM CHabHO OTaHHaTbCH OT 
paccMOTpeHHbix 3a cneT yBeanqeHHH conpoTHBae- 
HHň reHepaTopoB b noaoacHTeabHoft nocaeaOBa- 
TeabHOCTH. 

řípa aByxcTopoHHeM nHTaHHH MecTa noBpeac- 
aeHHH MoryT Tanace noaBaaTbca BupaBHHBaiomHe 
TOKH B 3aOpOBOŽ <i>a3e. 

3 aMbiKaHHe Meacay aByMa $a 3 aMH HBaaeTca 
TaKHce BecbMa TaaceabíM noBpeacaeHHeM aaa ch- 
CTeMbi. noaTOMy anHHH Bceraa aoaacHbí HMeTb 
3 amHTy, no B 03 M 0 acH 0 CTH ĎbiCTpo OTKaroqaiomyK) 
h 9tot BHa noBpeacaeHHĚ. KaK npaBHao, aaa 
SToro HCnoab 3 yeTCH Ta ace 3 ainHTa, KOTopaa 
pearnpyeT Ha Tpex(J)a 3 Hbie 3 aMbiKaHHH. 


4. OAH04>A3HbIE 3AMblKAHHSI HA 3EMJHO 
B CHCTEMAX C HArJiyXO 3A3EMJIEHHOft 
HyjlEBOÍÍ TOHKOň 

B CCCP c Harayxo 3a3eMaeHHofl HyaeBOŘ 
ToqKofl paĎOTaiOT npenMymecTBeHHo ceTH Hanpa- 
aceHHeM 110 kV h Bunie. 3a3eMaeHne npoH3Bo- 
Ahtch Han HenocpeacTBeHHO Han qepe3 MaaooM- 
Hbie conpoTHBaeHHH, orpaHHqHBaiomHe BeanqHHy 
tokob noBpeacaeHHa npn 3aMMKaHHax Ha 3eMaio. 
3a3eMaaioTCH oóbiqHO HyaeBbie tohkh coeaHHeH- 

HHX B 3Be3ay o 6 mo- 
TOK CHaOBblX TpaHC* 
(|)OpMaTOpOB, HMeiO- 
mnx coeaHHeHHe 
3Be3aa- TpeyroabHHK. 

BeKTopHaa aHar- 
paMMa tokob h Hanpa- 
aceHHň npn oaHO$a3- 

HOM 3aMblK3HHH Ha 

3 eMaio qepe3 R n pac- 
čMaTpaBaeTta aaa 
ceTH, HyaeBaa Toqaa 
KOTOpoft 3 a 3 eMaeHa 
HenocpeacTB e hho 
($ nr. I, 8 a). 

Tok noBpeacaeHHa HMeeT MecTO ToabKO b 4>a- 
3 e A, noayqHBnieň 3 aMUKaHHe Ha 3 eMaio. OTaeab- 
Hbie nacTH CHCTeMbí npeacTaBaaioT aaa Hero yace 
He Te conpoTHBaeHHH, hto aaa cHMMeTpnq* 
Horo TOKa npn 3 aMUKaHHax Meacay TpeMa $a 3 aMH. 
ConpoTHBaeHne anHHH b aanHOM cayqae npea- 
CTaBaaeT coóoň conpoTHBaeHHe Zi A neTan npo- 
Boa- 3 eMaa h HMeeT peaKTHBHyio h aKTHBHyro 
caararomne Xu h R gA , BeanqHHH kotopmx óoabuie 
paóoqnx conpoTHBaeHHft aHHHH X A h R a . B o 6 meM 
cayqae 6 yayr OTanqaTbCH ot conpoTHBaeHHft npn 
Tpex4»a3Hbix CHMMeTpHHHbix 3 aMbiKaHHHX h caa- 
raromne SKBHBaaeHTHoro conpoTHBaeHHH CHCTeMbí. 
OaHaKo b aaabHeftmeM b ueaax ynpomeHHH sk- 
BHBaaeHTHoe conpoTHBaeHHe chctcmu npnHH- 
MaeTca HMeiomnM oanHaKOByio BeanqHHy aaa 
BCeX BHaOB 3aMbIKaHHň. 

BeanqHHa Tona noBpeacaeHHa 1a paBHa 



Ea 


. - 'R 9 + R gA + Rn+Hx7+Xu) • (I,26) 

Ia caBHHyT no <J>a3e OTHOCHTeabHO Ea Ha 
yroa ( 4 >Hr. 1 , 86 ): 

té —w 

HanpaaceHHa noBpeacaeHHofl 4> a3bI HaxoaaTca 
KaK naaeHHH HanpaacěHHa ot tohkh W, pacno- 
aoaceHHoň % MecTe noBpeacaeHHa 3a R n , ao pac= 
CMaTpnBaeMoň tohkh aHHHH. 

HanpaaceHHe b Toqae noBpeacaeHHa F, Bceraa 
coBnaaaiomee no <J>a3e c tokom, 

ú AF = R n -Í A . (U8) 



HanpanceHHe b tohkc P 

Ůap — (R n Rg/t “H jXi A ) ■ í a- (1,29) 

HanpaaceHHa 3 aopobhx 4> a3 » xotb tokh b hhx 
H OTCyTCTByiOT, npH B03HHKH0BeHHH nOBpeHCABHHH 
b ofimeM CAyaae h3M6Hbk>tch Aaace AJia Haaaab- 
Horo MOMeHTa KOpOTKOrO 3aMbIK3HHH. yKa3aHHOe 
BBJI6HH6 OĎyCJIOBAHBSeTCH HaJIHHHeM B33HMOHH- 
AyKUHH MeacAy noBpeacAeHHOů h 3Aopobhmh cj>a- 
3aMH^HHHH. 

FIotok HHAyKTHpyiomero npoBoaa A jihhhh, 
xax HMeiomHň 3aMbncaiomyiocH aepe3 3eii.flK> cAa- 
raiomyio. c KOTOpoň cBH3aHbi aKTHBHbie noTepn, 

OTCTaeT ot Ia Ha HexoTopbift yroA. B cooTBeT* 
CTBHH C 9THM H COnpOTHBJíeHHe B3aHMOHHAyKU,HH 
jihhhh Zma HMeeT HeKOTopyio aKTHBHyio CAaraio- 
myio [JI. 4]. B fla^bHeňmeM b uejiax ynpome- 

hhh r Á>A CHHTaeTCa coBna^ajoiííHM no <J>a3e c to- 




HanpaaceHHe 4>á3bi B b Toaxe P (Haaaao jih¬ 
hhh) He H3MeHaeTca h ocTaeTca paBHbíM Eb. 

ýrjiH cflBHra MeacAy ocTaToaHbíM Hanpjiace- 
HHeia noBpeacAeHHOň 4>a3bi h tokom 


f« =arct *^ 


La 

gA 


(1,32) 


ripHHHMaa bo BHHMaHne npHBeaeHHbie Bbirne 
cooTHomeHHa h AnarpaMMbi, mohcho CAeJiaTb cJie- 

AyroniHe buboam: 

1. npH B03HHKH0BeHHH nOBpejKACHHH CyMMH 
tokob h HanpaHceHHň Tpex 4>a3 0Ka3HBai0Tca 
yace He paBHHMH Hyjiio, t. e. hobbahiotch tokh 



Onr. 1,8. OAHO$a3Hoe 3aMbiKaHHe Ha 3eMJi» b cHCteMe c Harayxo 3a3eM.ienHOÍí HyjieBoft totooíí. 


KOM ((jlHT. 1,86), a COnpOTHBJíeHHe B3aHMOHHAyK- 
UHH JIHHHH —• HHCTO peaKTHBHblM H paBHHM Xma- 

fljia HaBOAHMHx b HenoBpeacAeHHHX <J>a3ax jihhhh 
3. A. c. B3aHMOHHAyKHHH npHHHMaeM 3a nOAOACH- 
TeAbHoe HanpaBAeHne, coBnaAaiomee c HanpaB- 

AeHHeM HHAyKTHpyiomero Toxa Ia, a CAeAOBa- 

TejIbHO, H 9 . A. c. Ea. TorAa BeAHHHHa 9. A. c. 

B3aHMOHHAyKUHH 

Ěma — — jXtu • Ia . (1,30) 

Ha BeKTopHoft AHarpaMMe OHa OTCTaeT ot 
i a h Óa Ha yroji 90°. 

HanpaaceHne HenoBpeacAeHHoň $a3bi onpeAe- 
jiaeTca KaK reoMeTpnaecKaa cyMMa Bcex HHAyíc- 
THpyeMux b Heft 9. a. c. ot HyjieBOň., tohkh ch- 
ctcmu ao paccMaTpHBaekofi tohxh Ha jihhhh. 

Tax, HanpHMep, HanpaaceHHe (J)a3U B b Toaxe 
noBpeacAeHHa F 

Ubf = Ěb Ema — Ěr — }Xma*Ía. (1,31) 


h HanpaaceHHa HyjieBoň nocAeAOBaTeAbHocTH. 
StHMH COCTaBAHKHUHMH HyAeBOft nOCAeAOBaTeJIb- 
hocth b TexHHKe pejieftHoft 3amHTbi BecbMa ihh- 
poKO nojib3yioTCH AJia ycTaHOBAeHHa bo3hhkho- 
BeHHH 3aMbIKaHHH Ha 3eMAK> H AeSCTBHH COOTBeT- 
CTByioutHx peAe. 

2. Tok noBpeacAeHHa cABHHyT OTHOCHTeabHO 

9. a- c. h HanpaaceHHň cooTBeTCTBeHHO Ha yrjibi 
<?' c , 0 ?«> HecKOAbKO OTAHHHbie Aaace npH Bcex 

npoaHX paBHbii ycAOBHax ot yrjiOB <pc, 9 S h <f K 
npH saMUKaHHax MeacAy 4> a3aMH - 3to °6t>hc- 
HaeTca TeM, hto b BupaaceHHa yrjiOB bxoaht b 
paccMaTpHBaeMOM cjiyaae conpoTHBJíeHHa neTJin 
npoBOA-3eMAa. . 

3. HanpaaceHHa HenoBpeacAeHHbix cj)a3 o6biHH0 
HeCKOAbKO yBejiHHHBaiOTCa Aaace npH HenocpeA- 
CTBeHHO 3a3eMAenHoft Hyjieeoft Toaxe CHCTeMu 3a 
caeT B3aHMOHHAy ku,hh MeacAy nOBpeacAeHHoň h 
HenoBpeacAeHHbíMH 4>a3aMH. 

4. HanpaaceHHa MeacAy noBpeacAeHHOfi h He- 

noBpeacAeHHHMH <^a3aMH ocTaioTca 3HaaHTeAb- 


20 



HbIMH, npH«ieM, K3K UpáBHÁO, MeHblUHMH npH OT- 
HOCHTejibHO ěoAbuiHX R n oKa3HBajoTCH HanpHace- 
hhA MextAy noBpeacAeHHOň h onepeacaiomeft ( B ) 
H3 HenoBpeacAeHHHx <|>a3. 

5. Tp§yroJibHHK AHHeňHbix HanpaHceHHfi 3Ha- 
MHTejibHO yMeHbniaeTCH, OAHaKO MHOro MeHbine, 
MeM npn MHorocpa3Hbix 3aMbiKaHHax. B npeAeAb- 
hom cAyqae npn MeTaAAHHecKOM 3aMbiKaH«H Ha 
3eMJiio b Hanane ahhhh A-na HaaaAbHoro MOMeHTa 
KopoTKoro 3aMbiK3HH3 ero njiomaAfe OKa3biBaeTCH 
npHMepHO paBHoň óahoS TpeTH nAOinaAH npH 
HopMaAbHoft paPote (HanpHxceHHe noBpexcAeHHofl 



<I>Hr. 1,9. npeaeabHhift cayqafi pacnpexejieHHH tckob no- 
BpeaaeHHfl npn 0AH0$a3H0M 3aMbiKaHHH Ha 3eMJiio. 


4 >a3bi paBHO Hyjno, HanpHMceHHH AByx HenoBpeac- 
ACHHblX (pa3 OCTaiOTCH HeH3MeHHbIMH IIO BeAHMHHe 
h yrAy CABHra MexcAy co6ofi b 120°, HanpaweHHe 
MexcAy hhmh coxpaHfleT nosTOMy TaK*e Hop- 
Ma^bHoe 3Ha*ieHHe). 

B oĎmeM Cjiynae xaxe npn otcjtctbhh tokob Harpy3- 
kh npH OAHO(jsa3Hbix 3aMbiKaHHsix Ha 3eMJiio b HenoBpex- 
aeHHbix 4>asax jihhhh tokh iioBpeaíjieHHq MoryT AOCTHraTb 
b npeaeabHOM cayiae BeJinnHHbí Tona b noBpexcAeHHofí 
4>a3e (4 >ht. 1, 9). 

Tok, BbixoflauiHlí H3 HenocpeflCTBeHHO 3a3eMaeHHoři Hy- 
jieBoB to^kh nommaiomero Tpanc^opMaTopa II, npHHyxc- 
seHHo pacnpejxeaseTCsj Memay TpeMji cJia3aMH Ha Tpn paB- 
Hbie no BeaH^iHHe h $aae cocraB jih Kmíne. 3to oÓycjiOBJíH- 
BaeTCH TeM, kto nepBHinue tokh <J>a3 TpaHC<t>opMaTopa 
AoaucHbí cooTBeTCTBOBaTb BTopimHbíM TOKaM. B Tpex »e 
BTOpHMHblX OĎMOTKaX TpaHC(j)OpMaTOpa II, COeAHHeHHbIX 
B TpeyroabHHK, B03M0»eH, OHeBHiXKO, TOJIbKO OAHH H TOT 
JKe TOK. 

TaKHM 0Ópa30M B JIHHHH CO CTOpOHM TpaHC<})OpMa- 
Topa II tokh HMeioT HyjieByio nocjieaoBaTejibHOCTb. 3a Me- 
ctom noBpeHcneHHH b tohkc F ~b CTopoHy noBbiuiaiomero 
TpaHc4>opMaTopa I tokh b 3aopobwx (jmax ocraiOTCH no 
BeanHHHe 6e3 h3M0hchhh. OjmaKO ohh He sibjisíiotch y*e 
TOKaMH HyaeBoft nocjieAOBaTejibHocTH, TaK i<aK 3Aecb cytiMa 
tokob b noBpexaeHHoft h HeiioupoKAem;bix $a3ax paBHa 
Hyjiio. 

0AH0(pa3Hbie 33MbiKaHHa Ha 3eMAio, hbahio- 
IIIHeCH B C6THX C HarAyXO 3336MJI6HHHMH HyAe- 
BblMH TOHK3MH OČblHHO HaHÓOAee HaCTblM BHAOM 

3aMbiKaHHň, npeACTaBJífliOT aah CHCTeMbi b ijeAOM 

AOCT3TOHHO THACeAblň BHA HOBpOKACHHH, XOTH 

h MeHee onacHbift c tohkh 3peHHH ycT ořhhbocth 
h paSoTbi CHAOBOft Harpy3KH, neM MHoro<pa3HHe 
3aMbiK3HHSi. ycTaHOBKa 3amHTbi, AeftCTByiomeň 
npH 9T0M BHAe nOBpejKAeHHH, HBAHeTCH 06fl3a- 
TeAbH^ň. ^AH CHCTeM, HM£K)UXHX HaCTHHHOe 3a- 


3 eMAeHHe HyAeBUx tohck hah 3a3eMAeHHe hx ue- 
pe3 conpoTHBAeHHH (HanpHMep, peaKTopbi), CAe- 
AyeT očpamaTb ocoóoe BHHMaHHe Ha qyBCTBH- 

TeAbHOCTb 3am,HT, KOTOpaa AOAJKH3 6HTb AOCT3- 
TOHHoft aah HaAeacHoro acActbhh hx npH Toxax 
no^peacAeHHH, CHHHceHHHX yKa3aHHUMH cnoco- 

6aMH. 

5. nEPEXO.fl.HblE COnPOTHBJÍEHHfl B MEČTE 
nOBPE%AEHHn 

IloA nepexoAHbíM conpoTHBAeHneM R n b Mecie 
noBpeacAeHHH noHHMaeTca cyMMapHoe conpoTHB- 

A6HHe SAeMeHTOB nyTH 
TOKa nOBpeXCACHHH OT OA- 
hoS H3 4>a3 k Apyroň npn 
3aMbiK3Hnax MexcAy 4>a3a- 
MH HAH OT <|>a3bl K 3eMAe 
npH 3aMbIK3HHHX Ha 36MAK). 

CoCTaBHblMH H3CT3MH 
R n hbahiotch: conpoTH¬ 
BAeHHH BOAbTOBUX Ayr, 
COnpOTHBAeHHH nOCTO* 
POhhhx npeAMeTOB Me»Ay npoBOAaMH, MexcAy 
npOBOAOM H 3eMAefl HAH onopoň, COnpOTHBAeHHe 
Me*Ay npOBOAOM h 3eMAeň (npn naACHHH npo- 
BOAa Ha 3eMAio), conpoTHBAeHHe 3a3eMAeHHH onop, 
COnpOTHBAeHHe AepeBHHHHX onop, BbinOAHeHHHX 
TaKHM 06pa30M, HTO HCHOAb3yiOTCH H30AHUH0H- 
Hbie CBoňcTBa AepeBa. 

BOAbHIHHCTBO nOBpeHCAeHHft Ha AHHHHX CO- 
npoBOMCAaeTCH BOAbTOBbíMH AyraMH. ilyra noaB- 
AaeTCH hah c caMoro HanaAa bo 3 hhkhobchhh 
noBpe*AeHHH, HanpHMep, npn nepeKpuTHH H30- 
ahtopob, noAAepacHBaioiHHX npoBOAa, hah cnycTH 
HeKOTOpbiň npoMeacyTOK BpeMeHH, KorAa népe- 
ropaeT nocTopoHHHft npeAMeT, BH3BaBniHň 3aMbi- 
K3HHe. ripn 3aMbiK3HHHx Me*Ay 4> a3aMH conpo- 
THBAeHHe Ayrn HBAaeTCH očbíHHo onpeAe^ifliomHM 
BeAHHHHy R„. 

ToHHHX CnOCOĎOB OnpeACAeHHH B03M0HCHbIX 
conpoTHBAeHHň Ayr b HacToamee BpeMH He cy- 
mecTByeT. HccAeAOBaHHH noKa3aAH, hto aah ao- 

CT3T0HH0 ČOAblUHX 3HaaeHHÍÍ TOKOB nOBpeHCACHHH 

(cothh aMnep h Bbinie) ctboa AyrH, 6 hctpo npo- 
rpeBaacb, očycAOBAHBaeT rpaAneHT HanpaHteHHH 
Ayrn, noHTH He 3aBHCHMbiň ot ačcoAioTHbix 3Ha- 
qeHHft tokob h cocraBAHiomHň 2 — 2,5 kV Ha 
oahh Meip ee a^ihhm [JI. 5). 

ECAH npHHHTb éTH AaHHbie, 3 ([) 4 )eKTHBHOe Co¬ 
npoTHBAeHHe AyrH Rd, HBAHIomeeCH nOHTH HHCTO 
aKTHBHUM, onpeAeAaeTCH no 4 >opMyAe 

R d = 0T 2 000 / JO 250 - ° - L, (1,33) 

rAe L — aahh3 Ayrn (b MeTpax), KOTopaa a^ih 
HaaaAbHoro MOMČHTa noBpexcAeHHa MoaceT 6 biTb 
onpeAeAeHa AOCTaTOHHo tomho. 

3aBHCHM0CTb Rd OT TOKa HOBpeiKAeHHH / H 
AAHHbl L, H3MeHHK)UIHXCH nO BeAHHHHe BO BpeMH 
3aMbIKaHHH Ha AHHHH, npHBOAHT K TOMy, MTO 

21 



h Rd MeHHeTCa bo BpeMeHH. KaK npaBHAo, Ayrn 
HMeioT MHHHMaAbHbie conpoTHBJíeHHfl b nepBbie 
nepnoAH cymecTBOBaHHH * noBpeacfleHHH. flaAee 
OHH HMeiOT TeHAeHUHK) K pe3KOMy B03paCTaHHI0 

(<J)Hr. 1,10). 

HeOČXOAHMO TatOKe OTMeTHTb, HTO AyrH HCK3* 
XCaiOT CHHyCOHAaAbHyiO <|)OpMy KpHBblX TOKa 
noBpexcAeHHH h ocTaTOUHbix HanpaaceHnň, hb- 
jiHHCb xaK 6 h HCToqHHKaMH, reHepHpyiomHMH 
b cHCteMe BbicmHe rapMOHHnecKne. 



BpeMR B nepuodax om Hcwcu/a 6 o3huM - 
twBeHun dyzu 


<í>Hr. 1,10, 3aeHCHMOCTb conpoTHBjíeHHfl BOJibTOBwx ayr oř 
BpeMeHH (iiaHM ase SKcnepHMeHTajibHbie KpHBbie). 



4>Hr. 1,11. KpHBaji BepoHTHbix 3HaHeHHři nepexojiHbix co- 

npOTHBJíeHHH npH 3aMbIKaHHílX Ha 3eMJIK). 

Rna oueHKH bo3mohchhx 3HaneHH8 noAHbix R n 
npH 33MbIKaHHaX Ha 3eMAK> MOHCHO B0Cn0Ab3O- 
B3TbCH 9KCnA0aTaUH0HHbIMH AaHHblMH n O pHAy 
BbicoKOBOAbTHbix sAeKTpnqecKHx ceTeft ClUA 
[JI. 6J. KaK bhaho H3 <J>hi\ 1,11, HaHČOAee Bepo- 
HTHoe 3HaqeHHe R„ no sthm AaHHbíM cocTaBAaeT 
Be^iHHHHy nopaAKa 18 8. CAeAyeT HMeTb b BHAy, 
hto npHBeaeHHue cpeAHHe nH<f)pbi 6hah noAy- 
neHbl Ha OCHOBaHHH H3MepeHH&, • npOH3BeA6HHblX 
nepe3 Tpn-qeTbipe nepnoAa nocAe bo3hhkhob6hhh 
noBpeacAeHHH. 
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6. 0AH04>A3HbIE 3AMMKAHHÍ1 HA 3EMJ1IO B CHCTE- 
MAX C MAJlblMH TOKAMH 3AMbIKAHHfl HA 3EMJHO 

K CHCTeMaM C MaAblMH TOK3MH 3aMbIKaHHH Ha 
36MAK) OTHOCHTCH B OCHOBHOM CCTH, paĎOTaiomHe 
C H30AHp0B3HH0ft HyAeBOft TOHKOfi (ceTH 3 — 10 kV 
nOHH3HTejIbHbIX nOACTaHHHfi), C HyAeBOft TOHKOft, 
3a3eM^eHHofi nepe3 BbicoKOOMHoe aKTHBHoe co- 
npoTHBAeHHe (KaóeAbHbie ceTH reHepaTopHoro 
HanpaaceHHa) h KOMneHcnpoBaHHue (ceTH 35 kV 
h HeKOTopue KaOeAbHbie ceTH HanpaaceHHeM 6 — 
10 kV). 

BeKTopHHe AnarpaMMH HanpaaceHHft npn no- 
BpextAeHHHX aah ceTeft sthx thhob hmciot paA 

06lU.HX OCHOBHbIX CBOftCTB. 

B nepByio onepeAB pacciaaTpHBaeTea CHCTeMa 
C H30AHp0B3HH0H HyAeBOft TOHKOft (<J)Hr. I,12a). 
Harpy3Ka, npHcoeAHHeHHaa k noBpeacAeHHoft ah- 
HHH, HMeeT COnpOTHBAeHHe Z H . EMKOCTH (J)a3 
ahhhh no OTHoraeHHio k 3eMAe npeACTaBAeHbí 
B, BHAe Tpex 3KBHB3AeHTHbIX KOHA6HC3TOpOB, 
eMKOCTbK) C KaHCAblft. ripOBOAHMOCTHMH yTeneK 
aah npocTOTH npeHedperaeM. 

npH OAHO<J>a3HOM MeTaAAHHeCKOM 33MbIKaHHH 
Ha 3eMAK> B TOHKe F AHHHH noBpeacACHHaa 4>a*. 
3 a A noAyqaeT noTeHQHaA 3 cmah (tohk3 3, 

<J)Hr. 1,126), t. e. Úaf— 0. ripeHeóperaa BeAHHH- 
Hoň naAeHHfi HanpaaceHHft BAOAb ahhhh ot to- 
kob Harpy3KH h noBpeacAeHHa b BHAy hx He3Ha- 
HHTeAbHOň BeAHHHHbl, MOHteM HanncaTb 

Ů AF = Ů AP = 0. (1,34) 

HyAeBaa TOHKa CHCTeMw z, HMeBUiaa npH Hop- 
MaAbHoft padOTe noTeHnnaA, paBHWfl HyAio, no- 
AynaeT Tenepb no othouichhio k 3eMAe CMeme- 
HHe U !o , npH npHHHTUX AAH 3. A. c. yCAOBHbIX 
noAOHCHTeAbHux HanpaBAeHHHX, paBHoe 

0', = Ůaf-Ěa = —Ěa. (1,35) 

3to CMemeHne paBHO HanpaxceHHio' HyAeBofl 
nOCAeAOB3TeAbHOCTH B CHCTeMe. 

HanpaHceHHa HenoBpexíAeHHbix 4>a3 B h C ah¬ 
hhh npH stom paBHbí: 

Ůb-Úi. + Ěb-Ěb — ĚaI ( 1 , 36 ) 

ř>c- Ů 2o +Ěc=Ě c — Ěa. ( 1 , 37 ) 

HanpaaceHHa Heno^peacAeHHbix <|)a3 Ob h Oc 
CABHHyTW na 60° (npoTHB 120° npn HopMaAbHOfl 
paČOTe) H HMeiOT BeAHHHHM B ]/3 pa3 ÓOAbUie 
HopMaAbHbix. Bce Tpn AHHeflHbie HanpaaceHHa 
OCTaiOTCa ^no BeAHHHHe HeH3MeHHbIMH. K 4> a3aM 
Harpy3KH, 'hpHcoeAHHeHHOfi k noBpeacAeHHoň ah¬ 
hhh, noABOAHTCH HanpaaceHHa, paBHue paccToa- 
HHHM OT neHTpa THJKeCTH TpeyroAbHHKa AHHefl- 
Hbix HanpaaceHHH ao cooTBeTCTByiomHX ero Bep- 
uihh, t. e. HopMaAbHbie <J)a3Hbie HanpaaceHHa. rio- 
9TOMy óecnepedoňHOCTb paOoTbi noTpeČHTeAeň 







lípu B03HHKH0BCHHH 3aMUKaHHfl Ha 3eM^K> He 
HapymaeTca. 

Hepe3 eMKocTH 3aopobmx <i>a3 Vihhhh b 3 eM- 
jik> HanpaBíaioTCH tokh I b h /c, onepeacafomne 

Ub h Uq Ha yro;i 90°. Hepe 3 CMKocTb noBpexc- 
aeHHoň <pa3u A TOKa hct, TaK KaK OHa kopotko 
33MKHyTa b MecTe nOBpeacAeHHa. 

CoiviacHo BTopoMy 3aKOHy Kapxro(í»a tok no- 
Bpeac^eHHa b Mecre 3aMbiKaHHa 

Ía=-( /b'+7c) - 3 jmCĚ A . (1,38) 

Oh onepeacaeT a yro^J 90°. 



ŠHaK ~ riépeA Bbipaáe«HéM Artd ttociaajiett, itexo 
Ad H3 Toro, qro BHqHCJiaercd CMeutétirie rtyyieBoS toíku 
renepapyiomero HCToqHHKa no orHOinertHid k HyjieBO# Toq- 
Ke HecHMMeTpnqHOii Tpex^aaHoíi Harpy3KH, a hč o6paiHa« 
BeJinqHHa — cMeuteHHe HyjieBOii ToqKH Harpy3KH, onpeAe- 
jiqeMaa cooTHoineHHeM (1,7). 

* BejmqHHfai npoBOAUMocTeí! Y HMeioT caeAyioiijae 3Haqe- 
hhh: 

Y A m*j£+j*C-, (1,40) 

Y B =Yc=hC. (1,41) 



Č 


4>nr. 1,12. OAHO$a3Hoe 3aMWKaHHe Ha 3eMAio (MeiaJiJiHqecKoe) b chctcm? c H30JiHpoBaHHoži HyjieBOH ToqKOK. 




flpH 33MbiKaHHH Ha 3 eMJiio qepe3 R n (<J)nr. 1,13a) no- 
dpoeHHe BeKTOpHofí AHarpaMMbi mohcho bccth b caeAyiomeM 
OOpHAKe. 

HyjieBaa Toqna CHCTeMbi z nojiyqaeT no othouichhio 
k 3eMJie CMemenne U 2q , onpeAeJiaeMoe coraacHO (1,7): 




Ya-Ea + YbEb + Y&c 

Ya+Y b +Y c 


IIoACTaBJíHH hx b ypaBHeHHe (1,39), nojiyqnM 

Ěa +/(ůCĚg +>C£ c 

+3y<oC 


V H- 


(1,39) 


1 ■+• 3ju>CR n 


E A = bE A . 


(1.42) 
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B 3a EHCHMOCTH OT BeJIHHHHbl R n KOHeU Be*flrt)jp& V ^ 

nepeMemaeTCH Ha BeKTopHofí AHarpaMMe (4>Hr. 1,136) no 

Ayre noJiyoKpyxcHOCTH, nocTpoeHHofi Ha BeKTOpe E A xan Ha 
awaMeipe. 

MaKCHMajibHoe cMememie no oTHomeHHio k 3eMJie 
(To^na 3, $Hr. 1,136), paBHoe — É A nponcxoAHT npn MeTaa- 

JlH^eCKOM 3aMbIK3HHH Ha 3CMJUO. 

Ko9<j)HiiHeHT b 9 xapaKTepH3yiouxHfi CTeneHb nojiHOTH 3a- 
MblK3HHH, Ha3bIBaeTCH KOS^HUHeHTOM nOJIHOTbl 3a- 
MUKaHHH Ha seMJiio. Ero a6cojiioTHaH BeJiHHHHa, KaK 
to cjieAyeT H3 (1,42), KOJie6aeTCH b npeAeJiax ot eAHHHnu 
(npH R n = 0) a o Hyjia (npn /?„ = oo). 

HanpnxceHHH <£a3 jihhhh npH 3aAaHHofí hjih onpeAexeH- 
Hofi yKa3aHHbiM Bbíme o6pa30M BejmqnHe CMemeHHH nyjie- 
Boft to^kh CHCTeMM HaxoAflTCH H3 BbipaxceHHfi: 

Uaf - U H + é A ; Ú BF = U 2q + E b ; 

Ucf-U*+ ě c' ^ 


Ha 4)Hr. I,14a npeACTaBJíena nyxe- 

BaH ToqKa KOTopoft 3a3eMJieHa nepes bhicokoom- 
Hoe conpoTHBJíeHHe R 3 . Emkocth (f>a3 chctgmh 
no OTHoniGHHK) k 36MJie h npoBOAHMocTH yTenex 
b uejiax ynpomenHH He yHHTHBaioTCH. 

npH 3 aMbIKaHHH Ha 3eMJIK) OAHOÍÍ H3 (|)a3 jih* 
hhh, HanpHMep, 4>a3bi A, b TOHKe F nepe3 R n tok 

noBpexcAeHHH Ia onpeAeJifleTCH H3 BbipaxceHHH 


Ia = 


Ea 

Rs + Rn 


(1,45) 


npH 3 tom, KaK h aah Apyrnx ejiynaeB OAHO- 
(ba3Hbix noBpexcAeHHň b CHCTeMax c mbabimh to- 

KBMH 3 aMbIKaHHfl HB SeMJIIO, COnpOTHBJIGHHH JIH- 
HHH H 3KBHBajieHTH0fi H3CTH CHCTGMH npHOJIHHCeH- 
HO npHHHMaiOTCH paBHblMH HyjIK). 

HyjieBaa TOHKa CHCTeMbi noJiynaeT no othq- 


npH 9TOM AOJOKHO ÓHTb OÓpameHO BHHMaHHe Ha TO f 
hto HanpaxceHHe 3 aopoboh 4 )a3,w > onepexcaiomeft nospexc- 
ACHHyio (4>a3bi C Ha 4>nr. I,136) # npH onpeAejieHHbix 3Haqe- 
hhsix R n MoxceT Aaxce HecKOJibKO npeBMCHTb BeJiHHHHy <J>a3- 
noro HanpHMceHHfl npH MeTaAJiHqecKOM 3aMbiK3HHH, paBHyio 

yTf. 




4>wr. 1,14. OAH0(j)a3Hoe saMbiKamie Ha 3eMjiio qepe3 nepexoAHoe conpOTHBJíeHHe b chct eMe c HyjiSBOH 
TO^KOH, 3a36MJI6HHOH qepe3 BblCOKOOMHOe aKTHBHOe conpOTHBJíeHHe. 


BeKTop* l A npH H3MeHeHHH b ot eAHHHUbi a o Hyjia ne- 
peMemaeTCH Taxxce no Ayre OKpyxcHocTH ot CBoero MancH- 
MaabHoro 3 HaqeHHH /^, paBHoro 3túCE (AHaMeTp oiqpyxc- 
hocth), ao HyJIH. 

npH paCCMOTpeHHH 0AH04:a3HblX 33MbIKaHHH Ha 3eMJIK) 
npeAnojiarajiocb, hto cmkocth C <pa3 chctombi no OTHome- 
HHK) K 36MJie OAHHaKOBbl H HyJieBaH Toqxa CHCTeMbi HMeeT 
npH HopMajibHoií paóoTe noTeHUHaji, paBHbiH Hyjuo. B AeficT- 
BHTeJibHOCTH xce b pHA6 cJiyqaeB HMeeTCH HeKOTopan He- 
CHMMeTpHH eMKOCTei! <j)a3 JIHHHH C At C B H Cc nO OTHOine- 
HHK) K 3eMJie, OÓyCJIOBJíeHHaH OTCyTCTBHeM TpaHCn03HUHH 
npOBOAOB B03AyniHbIX JIHHHH, peJIbe(J)OM MeCTHOCTH, no KO- 
Topoii npoxoAHT jihhhh, h t. a. B 3tom cjiyqae yxce npn 
HopMajibHoií paóoTe CHCTeMbi, ee HyjieBan Toqxa HMeeT no 


oTHonieHHio k 3eMJie CMemeHHe U 2 , onpeAejineMoe 
ho (1,39) 

• _ Ca-Éa+Cb- E b + Cc-É c 

Ča + C b -\- Cc 


corjiac- 


(1,44) 


Ero BejiHHHHa oóbiHHo He npeBoexoAHT 5 — 10% ot 
nopMaJibHoro (J)a3Horo panpflxceHHH CHCTeMbi. 
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meHHio k 3eMJie CMemeHHe U Zo9 KOTopoe onpeAe- 
jiaeTCH KaK na^eHne HanpnxceHHH b 3a3eMJimo- 
meM conpoTHBjíeHHH R 3 ot TOKa Ia* HMeiomero 
nojioxcHTejibHoe HanpaBJíeHHe ot 3 eMAH k Hy^e- 
BOH TOHKe z: 

(Jz a =- Ía-R 3 --š *f ň - ■ Ea = bE A , (1,46) 

TAO b — K03(|)HUHeHT nOJIHOTbl 3aMbIKaHHH H2 
3eMJIIO. 

HanpHHceHHe noBpeHCAeHHOft c|)a3bi A 
Úa=Ía-R n = O^Ěa = Ř - ^ -R- n • Ea . (1,47) 
HanpHaceHHH HenoBpeKjieHHbix <J»a3 B h C: 

Ů b =*Ú 2o +Ě b \ ř)c=4 0 +£c (1,48). 

BeKTOpHaa ^warpaMMa tokob h HanpHxceHHil 



aah paccMaTpHBaeMoro CAyqaa npHBeAeHa Ha 
<j)Hr. 1,146. Tok HOBpeacAeHHH coBna^aeT no 4>a- 


3 e c Ea • HanpaMceHHe CMemeHHH HyAeBOft toh- 
kh CHCTeMbi U z<) npn H3M6HeHHH BejiHHHHbí R n ne- 
peMemaeTca kohuom CBoero BeKTOpa no npsiMoft, 
coBnaAaiomeft c BeKTopoM 9. a. c. Ea . TpeyroAb- 
hhk AHHeftHbix HanpnaceHHft npaKTHqecKH oeraeT- 
CH HeH3UeHHblM. 

B KOMneHcnpoBaHHbix CHCTeMax npn HAeaAb- 


hoS KOMneHcannH 



b MecTe noBpeai' 


aeHHH HMeeT mccto b ochobhom Taxíce 3 kthb- 

Hblft TOK, OÓyCAOBAeHHblft nOTepHMH B 3a36MJIHI0- 

meM ApocceAe (HanpHMep, KaTyniKe IleTepceHa) 
h yTenKaMH b cem npn HenoAHofi KOMneHcaunn 
tok noBpeacjoteHHH onepeMcaeT 9. a. c. cootbct- 
CTByiomeft <J>a3bi hah otct36t ot Hero, b 33bh- 
CHMOCTH OT TOTO, HMeeTCH AH H€AOKOMn6HCaUHfl 
hah nepeKOMneHcauHH cmkocthoto TOKa 33MHKa- 
HHH Ha 3eMAK> CHCTeMbi. 

K 09 <f>HHHeHT nOAHOTbl 3aMbIK3HHH Ha 3eM- 

aio b Ha ocHOBaHHH (I, 42) h (1, 46) mohcct 6biTb 
npeAcraBAeH KaK OTHomeHne HanpaiKeHHH t/^Mexc- 
Ay Hy^eBoň tohkoS chctcmm h 3eMJieft k Hop- 
Ma^bHOMy 4>a3HOMy HanpHxceHHio, KOTopoe npn 
OTCyTCTBHH TOKOB Harpy3KH npHHHM3AOCb paB- 
HHM 9. A- C.: 


b 


u. 


Ea 


(1,49) 


Rji a npaKTHnecKHX pacneTOB 3amHT noA K09- 
4»HUHeHTOM HOAHOTbl b yAOÓHO nOHHM3Tb OTHOme- 
Hne aÓcojnoTHbix BeAHqHH (MOAyfleft) t/í 0 H £■. npn 
9tom aah pacGMOTpeHHoro CAyqan Ha ocHOBaHHH 
(1,46) 

b—ŤT^ -irrr-, (1.50) 


#3-+" Rn 


>+t- 


T. e. K09(J)HUHeHT nOAHOTbl 33BHCHT He TOAbKO 
OT BeAHHHHbl R„, HO TaKJK6 OT R a HJIH, HTO TO 
xce, OT BeAHHHHbl C03A3BaeM0r0 B CHCTeMe TOKa 

£ 

3aMbIK3HHH Ha 3eMAK> I =-& — • TaKHM o6pa30M 

OAHH H TOT xce b B CHCTeMax C ÓOAbUIHMH 3Ha- 
qeHHHMH R a xapaKTepH3yeT 3aMbiKaHHe Ha 3eMAio 
qepe3 6oAee BucoKHe 3HaneHHH R n . C Apyroft 
ctopohh, H3MeHBH BeAHHHHy 3a3eMAHiomero co- 
npoTHBAeHHH npn noBpeacAeHHH c AaHHbíM 3Ha- 
HeHHeM R n , M02KH0 TeM CaMblM OAHOBpekeHHO 
H3MeHHTb b. Mtoóm co3AaTb, HanpHMep, HCKyccT- 
BeHHblH TOK 3aMbIKaPHH Ha 3CMAIO AJIH AeňCTBHH 

3amHTbi, aoboaut 3HaqeHHe R 3 ot BeAHqHHbí, 

paBHOň ĎeCKOHeHHOCTH (H30AHp0B3HHaH HyAeB3H 

TOHKa), ao onpeAeAeHHoft KOHeqHoň BeAHqHHbí. 
Ko9(|)HHHeHT b npn 9tom yMeHbmaeTCH, o6ycnoB- 
AHBan oAHOBpeMeHHO cooTBeTCTByrome.e CHHxce- 
Hne HanpíOKeHHň Ha HenoBpeacAeHHbix (Jmax 
CeTH. 


IlpHHHMaH BO BHHM3HHe paCCMOTpeHHbie Bbíme 
cooTHomeHHH h AnarpaMMbi, CAeAyeT npHTTM 
k caeAyromHM BHBOAaM: 

1. ripn B03HHKH0BeHHH OAHO(|)a3HbIX 3aMbIK3HHÍí: 
cyMMa tokob Tpex <J)a3 nepecTaeT 6uTb paBHOĚ 
HyAIO. 

2. Tokh b MecTe noBpe>KA6HHH h b $a3ax ah- 

HHH HMeiOT OTHOCHTeJIbHO HeÓOAbUiyiO BeAHHHHy^ 
onpeAeAaeMyio xapaKTepoM, 3a3eMAeHHa HyAeBwx 
ToneK CHCTeMH h eMKocTbio ee 4>a3 no OTHOine- 
HHK) K 3eMAe. 

3. TpeyroAbHHK AHHeftHbix HanpaHceHHft ocTa- 
eTca npaKTHnecKH HeH3MeHHbiM, TaK KaK naAe- 
HHHMH HanpflHCeHHfl B (|)a3ax BBHAy HX He3HaHH- 
TeAbHOň BeAHHHHbl B03MOHCHO HpeHe6peHb. 

4. HanpaHceHne noBpeiKAeHHoft (J>a3bi b npe- 
ACAbHOM cAynae npH MeTaAAHnecKOM 3aMMKaHHK 
Ha 3eMAK) cTaHOBHTCH paBHbíM HyAio, a Hanpa- 
HCeHHH HenOBpeHCACHHblX 4>a3 B03paCTai0T COOT- 
BeTCTBeHHO b 1,73 pa3a. 

B HeKOTopux cjiyqanx (HanpHMep, b CHCTeMax c h 30 jih- 
poBaHHoft HyaeBOH ToqKoři) npn onpeAeaeHHUx 3Ha<ieHHHX 
HanpnxceHHe OAHofi H3 HenoBpexqieHHbix 4>a3 MOxceT, oah3ko, 
HectíOJibKo npeBocxojjHTb yKa3aHHyio BeanHHHy. 

5. noHBAHiomeecH b CHCTeMe CMemeHHe no- 
TeHQHaAa Hy^eBOň tohkh no oTHouieHHio k 3eMAe, 
paBHoe HanpHHceHHio Hy^eBoň nocAeAOBaTejibHO- 
cth, npaKTnnecKH oahhbkobo a^h ecex ToneK 

CeTH H nponopUHOHaAbHO K09(J)HHHeHTy nOAHOTH 
3aMbiKaHHH Ha 3eMAio b. 

6. Tok b MecTe noBpeacAeHHH, paBHbin yTpo- 
eHHOMy TOKy HyAeBoů nocAeAOBaTeAbHocTH, TaK 
ace KaK h HanpnHceHHe HyAeBoň nocAeAOBaTeAb- 
hocth nponopHHOHaAeH KO^HHHeHTy b. npn 

9T0M CAeAyeT OTMeTHTb, HTO TOKH HyAeBOft no- 
CAeAoéaTeAbHOCTH cymecTByioT He bo Bcex toh- 
Kax nyTefl tokob noBpexcACHHH. TaK, HanpHMep, 
b HaqaAe eAHHCTBeHHoft ahhhh CHCTeMbi c H30AH- 
pOB3HHOfi HyAeBOft TOHKOft (TOHKa P 4)HT. 1,12a) 
cyMMa tokob Tpex 4>a3 paBHa HyAio. 3 toto He 
6yAeT, ecAH ot tohkh P otxoaht HecKOAbKO ah- 

HHft. 

OAHO(J)a3HUe 3aMbIK3HHH Ha 3eMAK) (b CeTHX 
C MaAblMH TOK3MH 3aMbIKaHHfl Ha 3eMAK>) Ha pa- 
6oTe noTpedHTeAeft He OTpasKaioTCH, Tax xax 
npn 9 tom noBpeiKASHHH, KaK yxce 6 hao yKa3aHO* 
TpeyroAbHHK AHHeftHbix HanpaaceHHft ocTaeTCH 
npaKTHnecKH Hen3MeHHUM. 

JXjw T 3 khx ceTeň AonycKaeTca nosTOMy He 
ycTaHaBAHBaTb cnenHaAbHoft 3am«Tbi ot oaho- 
4>a3HbIX 3aMbIKaHHft H OTHCKHBaTb MeCTO nOBpeHC- 
AeHHH BpyqHyio no noKa33HHHM ycTpoftCTB koh- 
TpOAH H30A3UHH, yCT3H3BAHBaeMbIX Ha nOACTaH- 
Hhhx hah CTaHunax. Oah3ko Ayrn b MecTe no- 
BpeacAeHHH, noBbímeHHe HanpaHceHHft HenoBpext- 
AChhux 4>a3 hah B03HHK3ioiAHe b hhx nepeHanpa- 
xceHHH MoryT Bbi3BaTb nepexoA OAHo4>a3Hbix 
3aMbiKaHHň b BecbMa HeaceAaTeAbHHe aah CHCTeMbi 
MHoro<J)a3Hbie noBpexcACHHH. IloaTOMy BcerAa He- 
OÓXOAHMO CTpeMHTbCH OTKAIOHaTb noBpeiKACHHyio 
AHHHK) npH B03HHKH0BeHHH Ha Heft yCTOftqHBOrO' 
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3 aMtíKaHHfl, ae AHKBHAHpOBaHHoro, HanpHMep, 
arocpeACTBOM KaTyniKH fleTepceHa, bo3mohcho 
dbICTpO, B OCOČeHHOCTH B C6THX CO 3Ha«IHTeAb- 
HblMH TOK3MH 3aMbIK3HHH Ha 36MAIO. 

ycKopHTb OTKAioqeHHe noBpeacAeHHft bo3momc- 
ao, ycTaHaBAHBan b ceTH 3amHTy ot 0AH0<pa3Hhix 
3aMbiKaHHň, AeftcTByiomyK) Ha CHnjaA hah otkaio- 
"qeHHe. 

3 amHTbi pearnpyioT Ha tokh 3 aMbiKaHHa Ha 
3 eMAio, HCKyccTBeHHo c03AaBaeMbie nocpeACTBOM 
333 eMAeHHH HyAeBblX TOHeK CHCTeMbl aepe3 BWCO- 
KooMHbie cčnpoTHBAeHHH. Emkocthmm tokom 
3aMbIK3HHH Ha 3CMAI0 AAH AeftCTBHH 3 amHTbI, KaK 
npaBHAO, He noAb3yioTCH, Tax KaK ero BeAHHHHa 



noBpeacaeHHii, npoH30ňTH yAopoxcaHHe 3a3eMAe- 

hhS nOACTaHUHň h t. a* 

riosTOMy 3auiHTW b CAyaae hx yCTaHOBKH aame 
ocymecTBAHioTCH c AeftCTBneM Ha CHraaA. 

npH 3tom noCAe noAyaeHHH carHaAa b paAe 
CAyaaeB dbiBaeT bo3moacho npeABapHTeAbHO no- 
cpeACTBOM pyaHbix nep^KAioneHiifi nepeBecTH no- 
TpeĎHTeAH C OAHOCTOpOHHHM nHTAHHeM Ha Apyroft 



^nr. 1,15. ,fl,Byx<})a3Hoe MeiaJianiecKoe 3aMUKanHe Ha 36 mak> b CHdeMe c H3oaiipoBaHHOH 

HyaeBofi toikoíí. 


hah SwBaeT HeAOCTaTOHHa, hah oh OKa3HBaeTca 
KOMneHCHpOBaHHblM, HAH CHAbHO MOHteT KOAeÓaTb- 
ca npH onpeAeAeHHux KOMMyTaitHOHHHx nepe- 
KAJoaeHHHX b npoiíecce 9KcnAoaTaiíHH. B ceTax 
reHepaTopHoro HanpaaceHHa HCKyccTBeHHbie ax- 
THBHUe TOKH 33MUKaHHH Ha 3eMAK> npHXOAHTCa 
co3AaBaTb Taxxce aah BbinoAHeHHH 3amHT reHe- 
paxopoB. 

iXeňCTBHe samHT Ha oTKAioHeHHe HMeeT CAe- 

Ayiomne npeHMymecTBa nepeA AeftCTBHeM Ha 

CHTHaA: 

1) yMeHbiuaeTCH BepoaTHOCTb nepexoAa oaho- 

4>a3Hbix 3aMbiKaHHŘ b MHoro(pa3Hbie; 

2) ynpomaeTCH 9KcnAoaTaixHa, Tax KaK no- 

Bpe>KAeHHblň 9A6MCHT OTKAIOHaeTCfl 3BTOMaTH- 

aecim; 

3) yMeHbraaeTCH AAHTeAbHOCTb padOTu H30- 
AauHH reHepaTopoB b HeHopMaAbHbix ycAOBHax 
(b cHCTeMax reHepaxopHoro HanpaHceHHa), npeA- 
CT3BAHI0IUHX HeKOTOpýlO OnaCHOCTb AJ1H COXpaH- 
HOCTH MamHH, OCOÓeHHO HanpHxceHHCM 10 kV. 

Oah3ko npn AeflCTBHH 3amHT Ha oTKAioaeHHe 
aapymaeTca ^AeKTpocHádaceHHe noTpedHTeAeft, 
He HMeiomHX pe3epBHoro nHTaHHH. JUa ceAex- 
THBHoro oTKAioaeHHa noBpexcAeHHŘ HeodxoAHMa 
ycTaHOBKa 3amnTbi He TOAbKO Ha roAOBHbix yaa- 
CTK3X ceTH, HO TaK *e Ha Bcex nOCAeAOB3TeAbHO 
BKAioneHHHx SAeMeHTax CHCTeMw AaHHoro Hanpa- 
HteaHH. KpoMe toto b cAyiae hco6xoahmocth 

•C03A3HHH 3H3HHTeAbHbIX HCKyCCTBeHHbIX TOKOB 
MOHCeT yCAOAÍHHTbCa 3aiUHTa OT Me»CAy4»a3HbIX 
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nHTaromnň (pHAep h TOAbKO noCAe 9Toro otkaio- 
HHTb noBpeMCAeHHyio ahhhio de3 HapyuxeHHa 
9AeKTpocHa6aceHHa. 

Bbldop HyBCTBHTeAbHOCTH 3aiAHT npOH3BOAHT- 
Cfl odblHHO, HCXOAH H3 TOTO, HTO OHH AOAJKHM 

HaanáaTb AeftcTBOBaTb npn noBpeacAeHHax, xa- 
paKTepH3yeMbtx KoatpHUHeHTaMH í>>-0,4—0,5. 

7. AByX«A3HUE 3AMblKAHH3 HA 3EMJ1ÍO 

flByx(J)a3Hue 3 aMbiK 3 Hna Ha 3eMAio HBAaroTca 
AAa CHCTeMbl BeCbMa THHCeAUM noBpeacASHHeM. 
nogTOMy 3amHTa AOA«Ha dwcTpo oTKAioaaTb sth 
noBpeaíACHHH. 

Bha BeKTOpHbix AaarpaMM tokob h Hanp 3 >KeHHÍí npn 
AByx4>a3Hux 3aMUKaHHax Ha 3 eMjno 33BHCHT ot xapaKTepa 
3a3eMJI?HHH HyjieBoií TO<IKH CHCTeMbJ, B KOTOpOH np0H30Ilia0 
noBpeacaeHHe. 

B CHCTeMax c H3oaHpoBaHHoft HyjieBoft toíkoh (^ht, 1,15a) 
coQTHouieHHe Mexcay BeKTOpaMH tokob k HanpflxceHHfi a ji a 
cjiyaaa MeTaJijiaqecKoro 33MbiKaHHH Ha 3eMJiio mohcct čutb 
noJiyqeHO H3 paccMOTpeHHUx cooTHOuieHHft aas 3aMUKaHHH 
MeiKAy AsyMH <|ia 3 aMH (4>nr. I,3a). B nocjieaHeM cayaae 4 >a 3 - 
Hhie HanpdíKeHHH noBpe%AeHHUx <pa 3 B h C b TOMKeFówaH 
paBHbí 0,5E a \ noTenunaa HyaeBoft tohkh chctcmu ocTaBaaca 
paBHhiM Hyaio. npH AByx(Jia3HOM 3 aMbiKaHHH Ha 3eMJiio Ha- 
npaiKeHHH noBpewaeHHMX 4>a3 b tomkc noBpeHcaeHHH Fnpn- 
HyacAeHHO npHHHMaioT noTeHunaji, paBiibifl Hyjiio, a nyjieBaa 

TOHKa CHCTeMbl nojivBaeT cMemeime Ó Zo —0,óE A . HanpaiKe- 

HHe HenoBpeacAeHHoft <}>a3bi AU a — U ía + E A — 1,5£ 4 . Ha- 
npHHceHHH b ApyrHX TOHKax ahiíhh, HanpHMep, TOHKe P, 
onpeaeJimoTcn KaK iiaaeiiHii HanpsnKeHiiH b aaHHoft noBpex- 

aeHHOH ipa 3 e ot P ao F, HanpHMep, Ůbp — Ib (Ra + J‘K >)• 




ílpH OAHHaKOBOM OTHOUieHHH -JJ- BCeX 3JI6M6HT0B ČMČféMbl 

kohhu bthx BeKTopoB pacnojiaraioTCsi no npHMoit, coBnajfcaio- 
meft c BetcTopoM s. a. c. E B q ($ Hr * 1^156). 

fljia chctom c Harjiyxo 3a3eMJieHHoft HyjieBoii TaqKoíi 
B6KTOpH3H AHarpaMMa MOXCeT ÓblTb nOCTpOeHa Ha. OCHOBaHHH 
COOÓpaHCeHHfi, npHBOAHMblX HHMCe. 

B nepByio onepeAb paccMaTpHBaeTca cjiyqaíi MefóajiJiH- 
necKoro AByx<£a3noro 3aMbiKaHHH Ha 36 mjiio b chctom&^hmoio* 
meň qwcTo peaKTHBHbie conpOTHBjíeHHH ((jmr. I,16a). Tokh 
b noBpexciieHHbix (|)a3ax onpeAejunoTCsi H3 ypaBHeHHit Knpx- 
ro<J>a aah AByx KOHTypos, oópa30BaHHbix noBpeiKAeHHbíMH 
^asaMH h 3eMJiea. ÍIpH stom npeAnoaaraeTCH, hto b33hmo- 
HHAyKUHH Meacay <|>a3aMK, xapaKTepH3yeMaa peaKTaHcoM X Ma 
(cm. ra. I, § 4), B03HHKaeT TOJibKo Ha yqacTKe PP. Toraa 

EB^Jfo+XiJ.iB+JXMt-ia (1,51) 

Ec =; {X,+x u yi c ! +íx M a-Íb, (W 2 ) 



HanpHHceHHe HenospexcAeHHoft <J>a3bi A 3a cqeT B3awM0- 
HHAyKUHH MeXCAY <J>a3aMH JIHHKH T3K)Ke MOHCeT H3M6HHTb 
CBOfO BeaHHHHy no CpaBHCHHK) C HOpMaabHblM peHCHMOM H 
AJIH TOHKH 3aMblKaHHfl P paBHO 

Ůaf = é A + Ě M sb E a —jX MA (I B -f- 7 C ). (1,58) 





4>nr. 1,16. flByx4>a3Hoe MeTavumiecKos 3aMUKaHHe Ha 3eMJiK> b cHCTeMe c narjiyxo 3a3eMJieH- 

hoíí HyaeBofl to^koS. 


0TKy.ua 

;_ J' x ma _é 

S {Xb + XlaV-XIu C " 

J(X„ + X La ) ■ 

{K+Xu^-Xma B 


ic = 


_ JXma _ £ 

{X a + X u )t-X 2 MA ' B 


J(X 9 + X U ) . 
(X 3 + X La )Z-X 2 Ma ’ ° 


(1,53) 


(1,54) 


Tok noBpexcAeHHH 7 3 , HanpaBJunomHficfl ,b 3eMJiK> h 
B03BpamaiomHHCH b (J>a3hi nepe3 3a3eMJieHHyio HyaeByio TOHKy 
CHCTCMbi (yipoeHHwft tok HyaeBofi nocAeAOBaiejibHocTH 7 0 ): 


/ 3== 3/ 0 = /b + /c = 


—/ (E b + E c ) 
^ 9 + x LA -yx MA 


(1,55) 


<I>a3Hbie HanpHUceHHH b noBpexcAeHHMx $a3ax onpeAeaa- 
íotch Kax naAeHHH HanpHHceHHH ot paccMaTpnBaoMOH tohkh 
na jiiihhh ao MecTa nospoxcAOHHH F . 

HanpsmeHne $a3 B h C b Mečte noBpe>KAeHHH: 


riOJIb3yflCb npHBeAeHHblMH BHpaHCeHHflMH, CTpOHTCH BeK- 
TopHan AHarpaMMa (<j>Hr. 1,166). 

BjiaroAapa B3aHMOHHayKHHH tokh Í B h Iq b noBpe>K- 
AeHHwx <}>a3ax onpeAejunoTCsi He toabko a. a. c. CBoen <}>a3br 
h HMneAaHcoM neTjm AaHHaa <j*a3a— 36 mjih, ho TaioKe tokom 

b Apyrofí $a3e. BBHAy hbahhhh TOKa Í 3 = 3 Iq nepe 3 3eMJiK> 
cyMMa/g-|-/ c «e pasna Hyaio. jEUa cncieMbi, HMeiomeři 

TOAbKO peaKTHBHbie COnpOTHBJíeHHH, I B H íc paBHbl no Be- 
AHHHHe H CABHHyTbl OTHOCHTeJIbHO OCH ACHCTBHTeJIbHblX 3H3- 

HeHnil (no HanpaBJíeHHio coBnaAaeT c Ě B q) Ha HeKOTOpue 
pasHbie no BeaHHHHe h npoTHBonoaoHCHbie no 3 HaKy yrau a. 
9 th yraw He hmciot mmero oómero c yraaMH <p c , KOTopwe 
xapaKTepH30B3AH yroa CABHra a. a. c. h tokob ajih Apyrnx 
bhaob noBpeiKAeHHH; BeaHHHHa hx onpeAeajieTca 3HaqeHHHMH 
COnpOTHBAeHHH X Ma H X 9 + Xii (<f)Hr. 1,166). riOCKOAbKy 
COnpOTHBAeHHe XMjt^Xg+Xiji, 1 B H Iq CABHHyTbl MeHCAy 
co6o8 bo Bcex CAyHaax Ha yroji, MeHbuiHÍi 180°. 

B AeňcTBHTeabHbix ycJiOBHnx npnxoAHTCH c^HTaThca c 
TeM, HTO AByX(})a3HOe 33MbIK3HHe Ha 3eMAK) MOHCeT np 0 H 30 HTH 
nepe3 nepexoAHMe conpOTHBAeHHíi, npnneM nocaeaHHe oxa- 
xcyTCH HMeioiuHMH HepaBHbie BeaHHHHbí; HanpHMep, 4>a3bi B 
h C 3aMbiKaioTCfl nepe3 Ayrw conpoTHBaeHHeM R Bt Rq Ha 
MeTaaAHqecKyio onopy, HMeiomyio conpoTHBJíeHHe 3a3eMae- 
HHH R 3 ($ht. 1,1 7a). 

BeAHHHHbl TOKOB H HanpHHteHHH HaXOAHTCH TeM xce Me- 
toaom, KaK h aah npeAHAymero cjiyqaH. Coctabahiotch ypaB* 
HeHHH Knpxro<j)a aah KOHTypoB AByx 4>a3*. 

Ě B = [R b +J (X 9 + X La )] • 1 B + 


U B p — U cp — 0. ( 1 , 56 ) 

HanpHHceHne b tohkc P, HanpHMep, (J)a3bi B 

V B p =JX U .I B +JX Ma .Í c . ( 1 , 57 ) 


+jX MA 'lc + R 3 (lB + lc), 

(1,59) 

éc = [«c +/ (X 9 + X La ) ] ./ c + 


+JXma-Íb + R3Vb + Íc) 

(1,60) 
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h H 3 hhx onpejiejifliOTCfl tokh b noBpeHCAeHHbix $a3axr 


8. flBQŘHblE 3AMMKAHHH HA 3EMJIÍO 


*r*2 — *3 


Jc k x k,-k\ Ec 


*1*2 — * 1 


kl»ko — k{ 


rjie K09$HHHeHTbi k Xi k% h k B npeACTaBAHioT co6oh cjiejtyio- 
mne KOMnjieKCHbie BejinqHHbí: 

ki = Rc + R 3 +J(X 9 + X u y, (1,63) 

k 2 = R B +R 3 +j(X a + X L/l ); (1,64) 

*8 -R,+JXm» (W6) 


—*~£aJa p 

-w-í. 

—CaJa 



4>Hr. 1,17. JIbv x^a3noe 3awwKaHHe Ha 3eMAK> b CHCTeMe c HarJiyxo 3a3eMJieHHoft 
HyaeBofi tohkoíí Hepe3 nepaBHtíe nepexoaHbie conpoTHBaeHHa. 


ABOŮHbie 33MbIK3HH9 H3 3eMJIK> npOHCXOAflT 
rJI3BHblM 0Ópa30M B CeTHX C MaflblMH TOK3MH 3a- 
MbIK3HHflH3 3eMJIK> (KOMneHCHpOB3HHbIX H./IH pa- 

ĎOTaiomHX c Hy^eBoá tohkoíI, H30^Hp0BaHH0ň h^h 
3a3eMJieHHoň nepe3 BucoKOOMHue aKTHBHbie co- 
npOTHB^eHHfl). OHH B03HHK310T B OCHOBHOM BCJiefl- 
CTBHe nOBbímeHHfl HanpaiKeHHa hjih nepeHanpflace- 
HH0, KÓTOpbie nOflB^HIOTCfl B CHCTeMe npH OflHO- 
4>a3Hbix 33MbiK3HHHX Ha 3eMAio. B ceTHx c Harayxo 
3a3eMjieHHOň Hy^eBoň tohkoů 3Ha*iHTe.nbHbix no- 
BbiixieHHfi HanpaxíeHHft h nepeHanpaxceHHfi b He- 
noBpeiKAeHHHx <j)a3ax npH pAHo^aaHbix 3aMbiKa- 
HHHX Ha 3eMAK> He B03HHK36T H nOSTOMy ABOňHbie 
33MbIKaHHH Ha 36MJII0 B HHX HB^HIOTCH BeCbMa 

peAKHMH h npn ocymecTBjíeHHH 3amHT očmhho 
He yHHTHBaiOTCH. Ha 3TOM OCHOB3HHH flBOňHbie 
33MbIKaHHH H3 3eMJIK) p3CCMaTpHB3IOTCH HHJK6 
TOJIbKO /UÍH CHCTeM C MajIUMH TOK3MH 33MbIKaHHa 
Ha 3eMAK>. 

npejino^araeTCH (<f>Hr. 1,1 8 a), hto <f>a 3 a B 3aM- 
KHy^acb Ha 3 eMJiK> nepe 3 Rb b tohkc M ^ihhhh, 
a <|>a 3 a C nepe 3 Rc b tohkc 
_ N JIHHHH. 

Ha yqacTKe ot Hy^eBOĚ 
tohkh CHCTeMbi ao nepBoro 
MecTa noBpexcAeHHH N cywm 
tokob b Tpex <f>a3ax paBHa 
Hyjiio; tok b HenoBpe*AeHHoa 
4 )a 3 e A b .niočofi tohkc TaKxce 
paBeH Hyjiio. IlosTOMy 


/c= - Ib- 


-ť p 




4>nr. 1,18. fleoHHoe 3aMWKaHHe Ha 3eMJno b chctgmc, pa6oTaiomeH c H30Jinp0BaH- 

HOH HyjieBOH TOHKOH. 


Ha ocHOBaHHHfBToporo 3aK0Ha KHpxro(J)a 

xR a -\-2Rji-{-Rg A -\-R B -+ Rc-\-j(^X B +2X A -}-X u ) 

H^Ha BeKTopHoň AnarpaMMe (<jmr. 1,186) oTCTaeT 

* • • 

ot Ebc=Eb — E c Ha yroji 

tr 

-r ?c= 

19 , ‘žx^xax,., _ 

-arctg < 2Ra+ ‘j RA ^ RgA+RB+Rc yO.(S) 

Tok ŽccorjiacKO (1,66) chbh- 

HyT IiO OTHCUieBHK) K / B Ha yr0i1 

180°. 

HyjieB?5i TO^Ka CHCTeMbi z no;iy- 
„ naeT no oTHomeHHio k 3eMJie CMeme- 

)meH c H30JIHp0BaH- HHe n pH npHHflTblX nOJIOHCHTeJIbHblX 
HanpaBJíeHHHx EeKTOpOB, paBHoe 


Ha $nr. 1,176, Hcnojib3yn BbiBe^eHHbie cooTHomeHHíi, 
nocTpoeHa BeKTopHaa ^narpaMMa juih fy c = R 3 = 0; R b H3- 
M6H36TC5I OT HyJIH RO ÓeCKOHeHHOCTH. KOHUbl BeKTOpOB TO¬ 
KOB h HanpnxceHHH b Mede noBpexcAeHHH ^TOHKa F) CKOJib- 
3HT npH 9TOM no AyraM OKpyMCHOCTefi, npHH6M npH Rq = oo 
AHarpaMMa xapaKTepH3yeT coóoh MeTajiJinqecKoe OAHO(J)a3- 
Hoe 3aMbiKaHHe Ha 3eMAio 4>a3bi C, a npH R B = 0 — MeTaa- 
AnqecKoe A»yx(})a3Hoe 3aMbiK3HHe Ha 3eMAio (4>Hr. 1,166). 
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í/?„ — [Rb + RgA + Ra + Ra +/ (Xia + X A X a )] X 

X> B -Í B =[/?c + ^ + ^ + 

+J(X A + X,)]i c -Ěc. (1,69) 

Ecjih HCxoiiHTb H3 3ajiaHHoro Ha fliiarpa.MMe noao*eHHs 
HyaeBoft tohkh chctcmu, to Tonna Hy.ieBoro noTeHuna.ia 3 


6v\neT, oqeBHflHO, oTCTomb ot Hec Ha BejiimHHy, paBHyio Ůz oi 

HO B3fliyio c oópaTHbíM 3H3KOM, t. e. — Úz 0 . TaKHM o6pa- 
3 om JMA nodpoeHHH Ha flHarpaMMe tohkh 3 HyjieBoro no- 

TeHUHa^a HeOÓXOAHMO K Eq npHČBBHTb C OČpaTHblM 3HaKOM 

seKTOp (/?c + ^ + /?í)/c, coBnaiiaioiuHH no (|>a 3 e c Iq h 

aeKTop j (X A + X 9 ) Í Cí onepeacaiomHH Iq Ha 90°. 

<í>a3Hbie HanpjnKeHHH HaxoAflTCH xax naAeHHH Hanpsnxe- 
hhh ot paccMaTpHBaeMOH tohkh Ha jihhhh ao tohkh Hyjie- 
soro noieHunajia, pacnojiOHceHHOH 3 a R B h R c : 

&BM — Rb'Íb> Ůcn— Rc-Ic\ (1,70) 

Ubn = (Rb + RgA +JXu)•I b* (1.71) 

HanpHMceHHe $a3bi C MeacAy tohkbmh M h N He octbotch 

nOCTOHHHblM, XOTH TOK B 3TOM yqaCTKe H OTCyTCTByeT. 3 to 

oÓBHCHHeTCH B3aHMOHHAyKUH6H MeacAy (J>a3aMH jihhhh. Tax, 
HanpnMep, HanpsoKeHHe <J>a3bi C b ToqKe M paBHO 

Ůcm^Ůcn + Ém^Ucn-jXma-Íb* (1.72) 


K3 mh HyaeBoří nocjieioBafeabHocTH. Tok I 3 qepe3 mgcto 
noBpencjieHHH (HanpHMep, qepe3 To^ky M) b 3eMJiio paBeH 
yTpoeHHOMy Tony b KancAofi $a3e jihhhh t' 

TT $ Ť &h ^ <W» 

CooTHomeHHH MexcAy HanpjnxeHHsiMH b pa3JiwqHbix Toq- 
Kax CHCTeMbi 3HaqnTejibHO ynpomaiorcff npH MeTajiJinqecKOM 
nOBpeHCAeHHH B npHHHTHH Bcex COnpOTHB JieHHH CHCTeMbi 
peaKTHBHbíMH. B 9 tom cjiyqae ($nr. 1,21) tokh Iq h Iq 
CABHHyTbi no OTHOuieHHio k 9 . a. c. Eqq Ha yroji 90° (1,68), 
Hyaeeafl tohkb CHCTeMbi pacnojiaraeTca Ha npHMOH t BCf 

3 aMbiKaioineH kohluj 9 . a. c. E b h Eq (I, 69), no KOTOpon 
Tajence nepeMemaioTCH kohuh BeKTopoB HanpHHceHMH no- 
BpexcAeHHux <j>a3 B n C (1,70 h 1,71). 

Ha ocHOBaHHH AaHHbix b unie BHpaHceHHň h 
AHarpaMM mohcho caejiaTb cjienyiomHe bubohu: 

1. IlpH IIOHBJíeHHH 3aMbIKaHHfl Ha 3eMJIK> cyMMa 


HanpHHceHne HenoBpexcAeHHoS $a3bi A BCJieACTBHe Bsa- 
HMOHHAyKUHH H CMeiUeHHH HyjieBOH TOHKH CHCTeMbi npH 
B03HHKH0BCHHH nOBpeACACHHH TaKHCe H3MeHHeTCH. TaK, B 

TOqxe M 

Uam = ůz 0 + E a + E m = Ue 0 + E a -JX Ma -I b . (1,73) 
Ecjih tohkh M n IV UBOfiHoro 

33MbIKaHHH H3 3eMJIIO jieiKaT Ha 
pa3HMX pa^HaAbHblX JIHHHHX, otxo- 
AHIIIHX OT CěopHbIX IIIHH nO^CTaHUHH 

(cfwr. 1,19), to onpeAe^eHHe BejiH- 

HHH TOKOB H HanpíDKeHHÍI MO)KeT ÓHTb 

npoH3BeAeHO TaKHM xce oópa30M. 

Tok noBpeiKAeHHH, HMeiomHň B03- 
spaT qepe3 3eMjno, reoMerpHqecKH Bcer^a pac- 
noAaraeTCH b onpeAe^eHHoft 30He non cooTBeT- 
CTByiomeň eMy c|)a3oft ^hhhh. B paccMaipHBae- 
mom c^yqae ero nyTb noaTOMy qepe3 3eM^io ot 
tohkh M k TOHKe N npoxo^HT He no KpaTqaň- 
meMy paccTOHHHio, a no Tpacce: TOHKa M, niHtíbí 
nOACTaHUHH, TOHKa A^. no BeJIHHHHe TOK 

* _ Eq — Ěq 

3 ZRa^rRgAM^RB^rRgAN+Rc^ri (^^a~\~X LA M ~\~Xl a N ^ ^ 

IlpH AByXCTOpOHHeM nHTaHHH BblpaHCeHHH a JIH TOKOB 
nojiyqaioTCH 3HaqHTeabHO óoaee cJioxcHbíMH. Il09T0My ajih 
npocTOTbi paccMaTpHBaeTCH cayqaH abomhoto 3aMbiKaHHH Ha 
KOHUaX AHHHH, nHTaeMOH C AByX CTOPOH CHCTeMBMH ÓeCKO- 
HeHHOH MOIUHOCTH, HMetOUlHMH, CJieAOBaTeJIbHO, COnpOTHBAe- 

hhh Z 3 = 0 (4>Hr. 1,20). SjíeKTpoABHHcymHe chjim oóenx ch- 
CTeM npcAnoaaraioTCH OAHHaKOBbíMH no BeanqHHe h $a3e. 

Tokh I a , I b h Iq b (jsa^ax noBpeHcaeHHOH jihhhh onpe- 
AeAHioTCH Ha ocHOBaHHH BToporo 3aKOHa Knpxro^a AAH Tpex 
KOHTypOB MeHCAy AByMH TOqKaMH 3aMbIK3HHH Ha 3eMJIK): 

Ér — Eq —JX La . I A +jX MA (Iq + /c); (1,75) 

Ěb - Ec =}X La -l B -HX Ma (l‘ A + Ic); (1,76) 

Ě B - E c =jX LA .r c +JX Ma (I A + I B ), (1,77) 



flymb moha sepe3 3eMJiK> nod 
jiuHueů M 


<l>Hr. 1,19. IlpoTeKaHHe TOKa npn abohhom 33MbiKaHHH Ha 

t 3CMJIIO nOA nOBpeACAeHHbíMH JIHHHHMH. 


-OTKyAa 

Eb-Ě q _ 

' i {Xu + *X Ma ) • 

TaKHM o6pa30M bo Bcex Tpex (J>a3ax ahhhh tokh hmciot 
OAHH aKOByio BeAHHHHy h HanpaBJíeHne, t. e. hbjihiotch to- 



7a = /b = 7 c = 


(178) 


4>Hr. 1,20. ToKOpacnpeAeAeHHe npH abohhom 3aMbiKaHHH 
Ha seMAio no KpasíM jihhhh, cBH3biBaioiueH CHCTeMbi oqeHb 

OOAblHOH MOIUHOCTH. 
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• • • 

TOKOB I A -\-Ib-\~Ic ^ 0 B03HHKaeT TOAbKO Ha 
yHaCTKe MejKAy TOHKaMH M VI N 33MbIKaHHH 4>a3 
Ha 36MJIIO. 

2 . Be^HHHHa Tona noBpejKAeHHH npH pacno- 

JIOHCeHHH OĎOHX MeCT 3 aMbIK 3 HHH Ha 3 eMAK) Ha 
oahom pa^Ha^bHOM HanpaB/ieHHH o 6 hhho ČAH 3 Ka 
K TOKy 33 MblKaHHH MeacAy 4 >a 3 aMH npn nOBpe*- 
A 6 hhh b čoAee yAajieHHoft TOHKe. 3 to CAeAyeT 
H 3 Toro, hto peaKTaHC neT^H npoBOA- 3 eMJia Xu 
Aah ahhhS 6 e 3 TpocoB cocTaBAaeT b cpeAHeM 180 % 
peaKTaHca hx noAOHCHTeAbHofl nocAeAOBaTeAb- 
hocth X A , t. e. npeACTaBjíHeT aah Toxa conpo- 
THB^ieHHe, npHMepHO 9 KBHBa^eHTHóe conpOTHB^e- 
hhk) AByx noBpexcASHHbix npOBOAOB b cjiynae 
3 aMbIK 3 HHH MeHCAy ABVMH 4 >a 3 aMH. 


AeJie noCTHraa BeAHHHHM tokob b noBpe*AeHHbix 

4>a3ax. 

6. np H pacno^OHteHHH mcct 3aMbiKaHHa M 

H N B OAHOft TOHKe JIHHHH ABOftHOe 3aMbIKaHHe 
Ha 3eMjno npeBpamaeTca b paccMOTpeHHbifi Buiue 
CAyqaft AByx4>a3Horo 3aMUKaHHa Ha 3eMAio b ch- 
CTeMe c MajiHM tokom oAHO<j)a3Horo noBpeacAe- 

HHH. 

IlpH B03HHKH0BeHHH B CHCTĚMe C MaAHMH TO- 
K3MH OAHO(J)a3HbIX nOBpejKfleHHfi ABOfiHHX 3aMbI- 

xamifi Ha 3eMJiio b oómeM cAynae 6oAee Hceaa- 
TS^IbHO OTKJUOHeHHe TOAbKO oahoto MecTa no- 
BpeacAeHHH, npHHeM b paaHaAbHbix ceTax OoAee 
yaaaeHHoro ot reHepnpyiomero hctohhhk 3. íIpH 
9 tom npeAnoAaraeTca, hto Btopoe MecTO noBpex- 



4>nr. 1,21. H3MeneHHe $03116 x HanpstaceHHft Bnojib jihhhh npn aboííhom MeTaJumnecKOM 30 MbiKainiif 
npH npHHflTHH Bcex COnpOTHBJíeHHH CHCTeMM peaKTHBHHMH. 


no toř ace npHHHHe BeaHHHHa Toxa noBpeac- 
AeHHa H3MeHaeTca He3HaaHTeabHO npn nepeMe- 
meHHH tohkh 3aMbiK3HHH Ha 3eMaK) N ot HaaaAa 
jihhhh P M.o BTopoft doAee yAaaeHHOfl tohkh no- 
BpeiKaeHHH M [JI. 7]. 

JIjIH JIHHHH, nOKpbITbIX TpOC3MH, peaKTaHC 
neTJiH npoBoa-3eMjia b cpe^HeM noHHHcaeTCa ao 
130% X A \ npH 3TOM TOK ABOfiHOTO 3aMbIK3HHH Ha 
3CMJIK) MOHCeT ÓbITb HeCKOJIbKO ÓOJIbHIHM TOKa, 
cooTBeTCTByiomero Tpex<j)a3HOMy MeTajuinaecKo- 
My 3aMbIKaHHK>. 

3. npH paCHOJIOJKeHHH MeCT 3aMbIK3HHH Ha 
3eMJiio M h N Ha pa3Hbix jihhhhx, OTXOAflmnx 
ot AauHOft noACTaHHHH, BeJiHHHHa Toxa noBpejK- 
ACHH3 MOHCeT 6blTb 3H3HHTejIbHO MeHbHieft TOKa 
npn 3 aMbiK 3 HHH MeHCAy 4 >a 3 aMH, ripoHcnieAmeM 
Aaace b čoAee yAajieHHoň H3 yKa3aHHbix Tonex 
[cm. ( 1 , 74 ) h n. 2 ]. 

4 . HanpaMceHHe Ha <j>a3e C, nOBpejKACHHOíí b 
TOHKe N, ÓAHace pacnoaoHceHHoň k reHepHpyio- 
meMy HCTOHHHKy BAOAb yqaCTKa MN 3 a caeT 
H3JIHMHH B33HMOHHAyKUHH, H3MeHaeTCa. 0TO npH- 

boaht k TOMy, hto HanpHHceHHe Meacay noBpeac- 
achhumh <J>a3aMH b 6ojiee yAa^ieHHoft Toaxe M 
0Ka3biBaeTca Aaace npn MeTajuinaecKOM 3aMbiKa- 
HHH paBHblM He HyjIIO, a 9. A- C. B3aHM0HHAyXHHH, 

HHAyxTHpyeMoň Ha yqacTKe MN. 

5. B HenoBpeMCAeHHoft <J»a3e ahhhh npn h3ah- 
hhh AByxcTopoHHero nHTaHHH tok noBpeacAeHHa 
MOHCeT HMeTb 3HaHHTeAbHyiO BeAHHHHy, B npe- 
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í>Hr. 1,22. JlBoflHoe 3aMUKaHHe Ha 3eMJiio- Ha tojiobkui jih¬ 
hhhx 3aKojibu.oBaHHoft ceTH, Morymee npHBecTH nouHOMy 

ee OTKJHOHeHHK). 

aěhhh noracHTca Ayrorac,amHMH ycTpoňcTBaMH 
(HanpHMep, b B03AyinHbix ŘOMneHCHpoBamibix ce- 

THX) HAH ÓyAeT JIHKBHAHpOBaHO OĎCAyXCHBaiOUíHM 
nepcoHaAOM (HanpHMep, npn noBpeacAeHHH Ha 
HiHHax noACTaHU.Hn nyTeM nepeBOAa ot pyKH 
Bcex 9JieMeHTOB Ha pe3epBHyio cncTeMy hihh). 
CTpeMAeHHe OTKAioqaTb npn ABOŮHbix 3aMbixaHHax 
Ha 3eMJIK> TOAbKO OAHO MeCTO nOBpeHCAfiHHH BH- 
3HBaeTCa TeM, hto npH bo3hhkhob6hhh 9Toro 
noBpeacfleHHH b HančoAee onacHbix tohiox bo3- 
mohcho oTKAioneHne Bceň cncTeMbi hah 3HanH- 
TeAbHOfi ee nacm Tax, HanpHMep (^nr. 1,22), 
npH 33 MbIKaHHH Ha 4>a3e B B TOHKe M OAHOft 


rcwiOBHOÍt JmHiitt M M C 8 f ČQícě N Ápyřóá 

TaKofl *e ahhhh, nnTaiomHX KOAbuoBaHHyio ceTb, 
Bce noACTaHUHH nocAeAHeň MoryT OKa3aTbca 6e3 
HanpíOKeHHH. ripH hh^ihhhh OflHoro 3aubiKaHHfl Ha 
ahhhh, a Apyroro Ha iiiHHax CTaHiiHH (4)nr. 1,23) 


npH oTK^ioHeHHH nocAeAHHX oKaxceTCH Taione 
6e3 HanpHHceaHH bch ceTb, nHTaeMaa ot paccMaT- 
pnBaeMOft cTaeitHH. 

OflHaKO B CHCT6M3X C AOCTaTOHHO BbJCOKHM 
ypOBHeM H30JIHUHH ABOfiHHe 3aMbIK3HHH AOAHCHbl 

npOHCXOAHTb OTHOCH- 


ajibHbie ýcTpoňCTBa aah 
očecneaeHHa OTKJiioHe- 
hhh OOToro MecTa no- 
BpescAeHHa b pa^e cny- 
naeB He hbahiotch ao- 



MH H AHUIb yCAOHCHSUOT 


HHe Ha 3eMjuo, npH KOTOpoM B BpeMH no 

OflHO H3 M6CT I10Bpe2KA6HHH B03M03KH0CTH OrpflHH^H" 
pacnojioHceHO Ha uiHHax ct 3 h- B3IOT OČJiaCTb npHMeHe- 
^ UHH- HHa cneuHa^bHbix ycT- 

poňCTB aah OTKjiioHeHHa 
OflHoro MecTa noBpeacAeHHH. B KaOeAbHbix ceTax 
ohh coBepmeHHO He npHMeHaioTca, b B03AyuiHux 
KOMneHcapoBaHHbix 35-kV ceTax hx HHorAa ycTa- 
H3BAHBaiOT npH HCAOCTaTOHHO BblCOKOM ypOBHe 
h3oahqhh hah b Tex CAyHaax, Koraa OTKAio«je- 
HHe OAHoro MecTa noBpeacfleHHH oda 3 aTe^bHO. 
npH Bblóope AAH yCT3HOBKH HOpMaAbHblX CXeM (6e3 
cneuHa^bHbrx čaokhpobok npn ABOfiHbix 33MbiKa- 
hhhx Ha 3eMjno) npn npoHnx paBHbix ycAOBHax 
npeanoHTeHHe, OAHaKO, aoajkho 6HTb otasho Toň, 
KOTopaa oóecneaHBaeT b čoAbiueň rnepe otkajo- 
aeHHe OAHoro MecTa noBpexcAeHHH. 


9. OEPbIB 4>A3bI 

06pHB <f>a3H ahhhh, He conpoBoacAaiomHňca 
OAHOBpeMeHHUM ee 3aubiKaHHeM Ha 3eMAio hah 
Apyrae $a3bi, b ĎOAbiiiHHCTBe CAynaeB aah ch- 
CTeMbi b ue^OM cepbe3Hoň onacHocTH He npea* 
cTaBAaeT. OAHaKO oh conpoBoxtAaeTCH CAeAyio- 
whmh HeacejiaTeAbHbíMH nocAeACTBHaMn: 

1) reHepaTopbi, padoTaiomne Ha noTpeĎHTe- 
Aeft aepe3 ncBpexcAeHHyio ahhhio, nojiyaaioT He- 
CHMMeTpHMHyio Harpy3Ky; MarHHTHoe noAe CTa- 
Topa, Hveromee OTpHuaTeAbHyio cocTaBAHiomyio, 
o6ycxoB;iHBaeT b HceAe3e pcvropa h ero AeMn<|>ep- 
HOfi OÓMOTKe (npH H3AHHHH TaKOBOfi) TOKH, MO- 
ryrnne npHBecTH k h eAonycTHMHM neperpeBaM; 

2) noTpeĎHTejiH, nHTaeMbie aepe3 noBpeacAeH- 
Hyio ahhhio, 0Ka3biBai0Tca paóoTaiomHMH b He- 
HopMaabHbix yejioBHHx; Tax, HanpHMep, b acHH- 
xpOHHbix ABnraTeaax hohbahiotch nOBbiiueHHbie 
TOKH, HHCAO OÓOpOTOB nOHHSKaeTCH H B 03 M 0 )KHa 
Aaace nojiHaa hx ocTaHOBKa; 

3) HenoBpeacAeHHbie ahhhh, paĎOTajomne na- 
paxaeAbHO c noBpewAeHHoň, noAyHaioT b $a3ax, 


oÁHOHMeHHbix c oSopBaBmeflcH, AonoaHHTejibHyio 
Harpy3Ky, KOTopaa npHBOAHT k noaBJíeHHio Ha 
3A0p0BbIX AHHHHX TOKOB HyaeBOfl nOCAeAOBaT6Ab- 

hocth (cyMMa tokob Tpex 4>a3 OKa3biBaeTca He 
paBHoň Hy^io), np« stom 3am«Ta HenoBpeaEtAeH- 
Hbix AHHH&, pearapyiomaa Ha tokh HyxeBOň no- 
CJieAOBaTeAbHocTH, MoxceT pačoTaTbHenpaBHAbHo. 

Oah3ko, xaK noKa3biBaeT CTaTHCTHKa, odpuBbii 
4>a3, ocoóeHHO He conpoBoatAaíomHeea OAHOBpe- 
MeHHO KaKHM-AHÓO ApyrHM BHAOM' nOBpeHCfleHHŽ,. 

BecbMa pe^KH. IloaTOMy ycTaHOBKa Ha ahhhhx> 
3aiuHT ot o6puBa (pa3 b HacTosmi.ee BpeMH He- 
peKOMeHAyeTca. 

10. HEHOPMAJlbHUE PE>KHMbl PAEOTbl 

OCHOBHUMH BH^aMH HeHOpMaJIbHblX peHCHMOB 
paĎOTu a^eKTpHHecKHX ceTeň, KOTopwe npnxo- 
AHTCH yHHTMB3Tb HpH npoeKTHpOB3HHH peAeftHOŘ 
3amHTbi, hb^hiotch: / 

1) CBepxTOKH, t. e. tokh, HMeiomne BeAHHHHy,. 
SOAbUiyiO HOMHHa^bHOň AAH AaHHOft AHHHH, H B03-> 
HUKaiomne npa neperpy3Kax hah 3aMHKaHHHx,. 
pacnoHOHceHHux FAe-AH6o Ha coceAHHx. yqacTKax. 
CHCTeMbl; 

2) KOAe6aHHH HanpaíseHHfl h tokob, bo3Hhk3k>- 
mne npn xaqaHHHx hah BMnaaeHHH H3 chhxpo- 
HH3M3 napaAAeAbHO jajfoTaiomHX b CHCTeMe chh- 

XpOHHbIX MaiUHH. * 

CBepxTOKH. CBepXTOKH OKa3bIB3K)T Ha AH- 
HHH TepMHHeCKOe H AHHaMHMeCKOe B03AeňCTBHH, 
MorymHe npHBecTH k npe*AeBpeMeHHOMy H3HOcy 
AHHHfi, OCOČeHHO B MeCTaX yCT3H0BKH KAeMM,. 

coeAHHHiomHX npoBoaa, hah k hx noBpextAe- 

HHHM. 

Ot CBepXTOKOB, BbI3BaHHbIX KOpOTKHMH 3aMbI- 
KaHHHMH, B03HHKUIHMH BHe 3amHmaeMofl AHHHH^ 
nocxeAHHH odbíHHO 3 amnmaeTCH 3aiuHTaMH ot no- 
BpexcAeHHft. 3 th sauiHTU HiteioT BpeMeHa Aeň- 
CTBHH, yAOBAeTBOpHIOmHe TepMHHeCKOň yCTOflHH- 
BOCTH B03AyiUHHX AHHHft. B Ka6eAÉ>HHX CeTHX,. 
oÓAaAaromHX MeHbmefl TepMHHecKoň ycToflHH- 
BOCTbio, neM B03AymHbie, BbmepacKH BpeMeHH 
3aiu,HT ot noBpeacAeHHň AOAXCHbí corAacoBUBaTbcsi 
c TepMHnecKOň ycToflHHBocTbio KadeAeň. 

řípa CBepxTOxax, Bbi3B3HHbix neperpy3KaMH, 
HeMeAAeHHoe oTKAioneHne B03AymHbix ahhh 8 He 
TpeóyeTCH. IloaTOMy pačOTa B03AyuiHbix ceTefe 
KOHTpoAHpyeTca no noK33aHHHM aMnepMeTpoB H 
neperpy3KH ycTpaHHioTCH nyTeM cooTBeTCTByio* 
iuhx MeponpHHTHfi AesKypHoro nepcoHaAa. 

3aniHTa KafieAbHux ahhhh ot CBepXTOKOB, 
Bbi3BaHHbix neperpy3K0fl, npeBbiuiaiomeň 140— 
150% HOMHHaAbHoro Toxa KaOeAH, cHHTaeTca He- 
oóxoAHMOft. B xanecTBe Taxoň 3amHTu HcnoAb- 
3yeTca 3amHTa ot noBpe*AeHHň (MHoro$a3Hbix 
3aMHKaHHii). Ecah CAe^aTb 9Toro He npeACTaB- 

AHeTCH B03M0HCHHM, TO HHOTAa yCTaHaBAHBaiOT 
cneu.HaAbHyio 3amHTy ot CBepXTOKOB, AeftcTByio- 
myio b ycTaHOBKax ée3 nocToaHHoro AexcypHoro 
BepcoHaAa Ha OTKAroneHne, -a npa HaAHHHH no- 
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ťCvteflHero — Ha CHTHaA. He3binoAHeHHe aToro Me- 
ponpHHTHa BnojiHe bo3mohcho b ycTaHOBKax, rAe 
-odecneaeHo TmaTeAbHoe HaÓAioiieHHe 3 a Harpy 3 - 
Koň (HanpaMep, HeaBTOMaTH3HpoBaHHbie ct3huhh). 

KaaaHHa b c h c t e m e. Hbaěhhh, nponc- 
xoAamne npn BO3HHKH0BéHHH b CHCTeMe KaaaHnň 

BblXOAe H3 CHHXpOHH3Ma CHHXpOHHbIX MaUIHH, 
paccMaxpHBaioTCH HHace aah paAHaAbHoft ceTH c 
AByxcTopoHHHM nnTaHH6M, padoTaiomeŘ BXOAO- 
CTyio (^»Hr. 1,24). HandoAee aacTO KaaaHHa bo- 

— ~-Em m W /-*— ,v í N - 

<> VW\r > . . ' x y > vVW < 



'3HHK3IOT BC^eaCTBHe nOBpeHCACHHň B CHCTeMe, 
HanpHMep, MHoro$a3Hux 3aMbiKaHHň. B uejiax 
ynpomeHna Hnxce paccMaTpHBaioTca KaaaHHa, 
apoHCxoflamne nocAe OTKAroaeHHa noBpeHCAeHHa. 
B 9tom CAyaae HBjíeHHa bo Bcex Tpex <J)a3ax 
npoTexaioT coBepuieHHo oahh3kobo h hx npeA- 
CTaB^aeTCa B03M0HCHbIM paCCM3TpHBaTb B OAHO- 
4»a3Hoft cxeMe. 

Rnn 3(|)(^eKTHBHbix 3HaaeHHň a. a. c. Ě M h E n 
CTaHHHň M h N, paBHbix no adcoAioTHoň BejiH- 
HHHe, npHHHTbi ycAOBHbie noAowHTeAbHbie HanpaB- 
aeHHH ot HyjieBbix Toaex MauiHH b CTopoHy hihh. 

■ycaoBHoe nofloacHTeflbHoe HanpaBAeHne Toxa / 

B AHHHH H OdMOTKaX M3I1IHH B 3 HTO OT CT3HHHH N 

k CTaHmiH M. npn yrAe pacxoacAeHHa E M h Ě n , 
paBHOM 8°, ecAH yqHTWBaTb TOAbKO peaKTHBHbie 
COnpOTHB^eHHH CTaHUHň X M H X N , TOK 


;_ En~ Em _ 

— Ra +i (X M á- X* + X N ) 
Ě N (\-e*) 

Ra +/ (Xm + X A -f- Xfi) 


(1,80) 


H OTCŤáĚŤ OT pa3HOCTH 9 . A. c. £^(1 — e #) Ha 
yroA 

»c^arctg ^- + *« + -3« . (1,81) 

Kji 

3a nojioxcHTe^bHoe HanpaBAeHne pa3HOCTif Ha- 
npaaceHHŘ b AByx Toaxax ahhhh npHHHTO ycAOB- 
Hoe nojioacHTeabHoe HanpaBAeHne Tona Me*Ay 
9THMH TOHKaMH. 

HanpaaceHHe b TOHKe M ahhhh, npHHHMaa bo 
BHHMaHHe, hto noTeHUHaAbi HyAeBbix ToaeK reHe- 
paTOpOB CTaHUHň ocTaioTca npn KaaaHHax, Kax 
h npn HopMa^bHoň pačoTe, paBHHMH Hy;no: 

Úm-Ě m + JX m -L (1,82) 

HanpaaceHHe b TOHKe N ahhhh 
Ú s -E N -jX N .I- 
= + d,83) 

MnHHMa/ibHoe HanpaaceHHe b chctcmc U K npn 
AaHHOM yrAe pacxoacfleHHa 9. a- c. CTaHHHft 8 
paBHo A^iHHe nepneHAHKy^apa, onymeHHoro H3 

ueHTpa AHarpaMMH Ha BeKTop U NM na^eHna Ha- 
npaaceHHa b ahhhh. 

Toaxa b CHCTeMe, HMeiomaa npH a3hhom yrAe 
pacxoacaeHHa BexTopoB a. a. c. 8 MHHHMaAbHoe 
HanpaaceHHe, Ha3biBaeTca 9AeKTpnaecKHM 
U e h t p o m. Jlaa cncTeMbi, Bce aAeMeHTbi koto- 
pofl HMeiOT OAHHaKOBbie HMneAaHCHbie yrAM, paB- 
Hbie, CAeAOBaTeAbHO, yrAy tpc, 9AeKTpnaecKH8 
UeHTp BHe 33BHCHMOCTH OT yTAa paCXOHCACHHH 
BeKTOpOB 9. a. c. HaXOAHTCa B OAHOfi ToaKe, 
onpeAeAaeMoň noAOBHHoň HMneAaHca chctcmm. 
B CHCTeMe, aAeMeHTbi KOTopoS hmciot pa3AHaHHe 
HMneAaHCHbie yrAw, aAeKTpnaecKHň qeHTp b 3a- 
BHCHMOCTH OT yTAa S MOJKeT 3aHHM3Tb pa3AHHHbie 
nOAOHCeHHH H MOHCeT OKa3aTbCH He TOAbKO Ha 
AHHHH, HO H BHyTpH M3UIHH CTaHUHft. 

npH H3MeHeHHH yTAa CABHra 8 KOHHU BeKTO- 

poB pa3H0CTH 9. a. c. É N — Ě M , TOKa /, Hanpa- 

jKeHHň U N h U M cKOAb3HT no AyraM OKpyatHO- 
CTeft. 

3aBHCHMOCTb adCOAIOTHblX. BeAHaHH TOKOB H 
HanpaaceHHg ot yrAa CABHra 8 AaHa cootbctct- 
BeHHo Ha <])Hr. 1,25 h 1,26. 

C yaeTOM npncoeAHHeHHoft k CHCTeMe Harpy3KH 
H3MeHeHHe tokob b ahhhh b 33BHCHMOCTH ot yrAa 
CABHra 8 npHBeAeHO Ha 4> ar * I, 27. 

BpeMH, b TeaeHne KOToporo 3HaaeHHa TOKa 
h HanpajKeHHa b a3hhoh Toaxe ahhhh npoxoAflT 
HHKA H3MeneHHft OT OAHOrO MHHHM3AbHOrO HAH 
MaKCHMaAbHoro 3HaaeHHa ao CAeAyromero, Ha3M- 
BaeTca nepHOAOM KaaaHHH. BeAnaHHa ero 
KOAeÓAeTca npHMepHO b npeAeAax 0,2—2,5 cex., 
npnaeM MeHbmne 3HaaeHHa othOchtch oduaHO k 
CAyaaio BbinaACHHa H3 CHHxpoHHSMa napaAAeAbHO 
padoTaiomiíx MauiHH. 
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Ha ocHOBamiH npHBeaeHHux cooTHOiueHHň h 
bhboaob mojkho c^ejiaTb cjie^yiomne o6mne 3a- 
K;iioqeHHa: 

1. npn KaaaHHHX MamHH b chctomě b ahhhhx 
B 03HHK3I0T BbipaBHHBa tónině ny.nbCHpyK>mHe tokh. 
3th tokh HMeroT MaKCHMa^ibHue 3HaneHHa npn 
yiviax CflBHra 9. a. c. MamHH, 6AH3KHX k 180°. 
MaKCHMa^bHbie Be/maHHbí 9 thx tokob onpeAeAa- 
Í0TC9 yflBOeHHMM 3HaneHHeM 9. A- C. OAHOfi CT3H- 
uhh ínpn E M =E N ) h MoryT 6biTb Aaace 6o.nbine 
TOKOB TpeX<j)a3HOrO KOpOTKOrO 33MbIKaHH9. B CH- 
CTeMe, paSoTaiomeň Bxo^ocTyio, MHHHMa^ibHue 
3HaqeHHH BbipaBHHBaiOmHX TOKOB CHHHCaiOTCH AO 
nyna. B HarpyxceHHbix cncTeMax MHHHMa/ibHbie 
3HaqeHHa tokob He paBHbí Hy^io h onpeae^aioTca 
BeaHMHHoft, MecTOM npocoeAHHeHHa h xapaKTe- 
poM Harpy3KH. 

2. HanpaaceHHa Ha jihhhhx npH bo3hhkhob6hhh 
K aqaHHň TaKace HaaHHaioT nyvibCHpOBaTb. Han6o- 
jiee CMbHbie hx KOAeóaHHa npoHCxoAHT b TOHKax 
CHCTeMbi, pacno^ioaceHHbix b6ah3h ee B^eKTpHae- 
CKoro ueHTpa. B sAeKTpnqecKOM ueHTpe Hanpa- 
HeHne Moa:eT CHHwaTbca ao ny-na. 

3. BupaBHHBaromHH tok OTCTaeT ot pa3HOCTH 
a. a. c. Ha yro/i cp c , oipeAeAaeMbift nocToaHHUMH 
CHCTeMbi. Yivibi CABHra Meacay tokom h HanpaMce- 

HHeM B 33BHCHMOCTH OT ywa 8 KC^eČAIOTCH B 
BecbMa mnpoKHX npe.ne.nax, HMea 3HaqeHHH KaK 
óóAbmne, Tax h MeHbmHe 90°. 

Pha 3amHT, AeňCTByiomHx b ceTax npn no- 
BpeacaeHHax, pearnpyeT TaxiKe h Ha xanaHna, 
nocKo^ibKy nocAeAHHe conpoBoacAaiOTCH noBbíme- 
HiieM tokob h noHHHceHHeM HanpaaceHHft, Kax h 
npn KOpOTKOM 3aMbIK3HHH. 

B CB93H c TeM hto peAeňHaa 3amnTa npn xa- 
qaHHHX MoaceT b očmeM c/iynae AeScTBOBaTb b 

npOH3BOflbHUX T0HK3X CHCTeMbi H Aa*e OAHO- 
BpeMeHHO b HecKO^bKHx MecTax, o6ecTOHHBaa 
pHA nOTpeĎHTejiefl, k Heň npeA^aB/iaeTCa Tpečo- 
BaHHe He pearapoBaTb Ha KaaaHHa. B HacToamee 
BpeMa 9T0 MOIKeT ÓMTb AOCTHTHyTO A-aa 3amHT 
C OTHOCHTeAbHO HeÓO^IbLLlHMH BblAepHCKaMH Bpe- 
MeHH TO^ibK o nocpeACTBOM cneima^bHbix ycT- 
poňcTB, yc^oacHaiomHx cxeMbi 3amHTbi. 

řípa BbixoAe OTAe^bHbix aacTeň CHCTeMbi H3 

CHHxpoHH3Ma hjih b cayaae HeAonycTHMbix Kaaa- 
HH0, KOTOpbie AOflHCHbl npHBCCTH K BbIXOAy H3 
CHHxpoHH3Ma, peKOMeHAyeTca CHCTeMy pa3pe3aTb 


b onpeAeAeHHbix, 3apaHee ycTaHOBAeHHbix toh- 
Kax Ha HecHHxpoHHO paSoTatomae qacTH TaK, 
hto6m b hhx 6mah no bo3mohchocth nonao c6a- 
AaHCHpoBaHu moiahocth reHepaTopoB h noTpe- 
ČHTe^eň. 



Oar. I, 25. řÍ3MeHSHne tokob b jihkkk npH KaqaHHHí b ch- 
cTeMe, paóoTaiomeft Bxojioctyio. 



Oar. 1,26. H3MeHeHHe HanpímeHHH b pa3JiHKHHX TOTKax 
jihhhh npw Kaiamiax b CHCTeMe, paSotaioLueii bxojioc Tyro. 



<řnr. 1,27. H3MeHeHHe Toxa b jihhhh npH KanaHHHX Harpy- 
aíeHHOH cHcreMU. 


3 Penefinaa 3amnra 


r JI A B A BT OP A H 


MAKCHMAJibHAfl TOKOBAfl 3A11JHTA 


1. nPHHUHn JHEňCTBHÍl 3AIUHTH 

MaKCKMaJIbHOfl TOKOBOÍ! 3aiUHTOÍÍ Ha3UBaeTCfl 
3amHTa, pearHpyromaa Ha BeAHHHHy Tona b 3a- 
mnmaeMoň ahhhh. 3amHTa npnxoAUT b AefiCTBHe, 
ecAH tok npeBHCHT HeKOTopyio, 3 apaHee ycTa- 
HOBJíeHHyK) BĚAHHMHy. 

3amnTa ocyiuecTBAaeTCa nocpeACTBOM MaKCH- 
Ma^ibHbix TOKOBbix peAe; ohh, xan npaBHAO, bu- 
nOAHHIOTCH Ha 9^eKTpOMarHHTHOM HAH HHAyKUHOH- 
hom npHHunnax. 

yKa3aHHue peAe KAaccHijjHUHpyioTCH corAacHO 
Tačji. II, 1. 

TaÓAutfa 11,1 


KAaccutfirnianuH MaKCUMaAbHbix motcoebtx peAe 


Sd 

šg 

CnocoóM KJiac- 

CH(j)HKai;HH 

THnw pe^e 

nOHCHeHHfl 

1 

no cnocoóy 

BKJIIOqeHHH BOC- 

npHHHMaiomero 

opraHa 

nepBHHHbie 

BocnpHHHMaiomHH opraH 

BKAioqaeTCA HenocpeA- 

CTBeHHO b uenb 3 amn- 
maeMoro aaeMeHTa ch- 
CTeMbl 

BTopn^Hbie 

BocnpHHHMaiomHH opraH 
npHKJiioqaeTCfl k 3 amH- 
maeMOMy sjíeMeHTy ch- 

CTeMbi nepe 3 H 3 MepH- 
TeAbHbie TpaHc<j>opMa- 
TOpbl 

2 

i 

no cnocoóy 

B 03 AeHCTBH 5 I 
HCnOJIHHTeJIbHO* 
ro opraHa Ha 
BbtKJi lo^aie Ab 

npaMoro 

AeHCTBHH 

McnoAHHTejibHbiH opraH 
MexaHHqecKH AeficTByeT 
Ha OTKAioqaiomHH Me- 
xaHH 3 M BbiKJiioMaTeJia 

npH m n a h h e, Ecjih 
noA pejie nomiMaTb TOAb- 
ko aBTOMaTbi, HMejomne 

KOHT 3 KTbI, ASHHblA THH K 

KJiaccy pejie He oihochtch 

KocBeHHoro 

AeňCTBHH 

HcnoAHHTeabHbiH opraH 
TOAbKo ynpaBAAeT 

uenbio BcnoMoraTeAb- 
Horo HCTO^HHKa onepa¬ 
THBHoro TOKa, cJiyaca- 
merO AAA nHTdHHA OT- 

KAionaiomero ycTpofi- 

CTBa BbiKAioqaTeAH 


Ha <})Hr. II, 1 iy)HBeAeHa oAHOAHHežHaa npHH- 
UHnnaAbHaa cxeMa BKAioqeHHJÍ nepBHHHoro 
sjíCKTpOMarHHTHoro peAe npaMoro AeňcTBHH. 

OĎMOTKa 1 BocnpHHHMaiomero opraHa peAe 
BKJHo^eHa HenocpeACTBeHHO b uenb TOKa ahhhh. 
npH npeBbmieHHH tokom 3apaHee yCTaHOBJíenHoň 
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BeAHHHHbl H£eJie3HUň HKOpb 2 BTHrHBaeTCH B K3- 
TyrnKy, fleňCTBya MexammecKH, npn noMomn 
CKpen^eHHoň c hhm niTaHni 3 Ha pbinaacHyio 
CHCTeMy 4 . IlocAeAHHJÍ ocBOÓoacAaeT npn 9 tom 
3ameAKy 5 BbiKAioiaTeAH, KOTOpbiň noA AeflCTBHeM 
npyacHHbí 6 pa3MbiKaeT cboh KOHTaKTH h pa3pbi- 
BaeT uenb Tona. 



<řur. 11,1. CxeMa BKJiioqeHHfl nepBiMHoro pexe MaKCHMaab- 
Horo TOKa npaMoro aeficTBHH. 



4>Hr. 11,2. CxeMa bkjhohchhh BTopnmioro pe.ne MaKCHMa.Tb- 
Horo TOKa KCCBeHHoro fleftcTBHs. 

Ha (J)Hr. 11,2 npHBeAeHa OAHOAHHeňHaH npHH- 
UHnHdAbHaa cxeMa BKAKmeHHH BTOpnqHoro 
9AeKTpoMarHHTHoro peAe KOCBeHHoro AeflcTBHa. 

OóMOTKa 2 BocnpHHHMaiomero opraHa peAe 
npncoeAHHeHa ko btophhhoS oÓMOTKe / H3Mepn- 
TeAbHoro TpaHciJiopMaTopa TOKa, BKAioqeHHoro 
nepBHHHOň OČMOTKOft B AHHHK). IlpH npeBblUieHHH 
tokom 3apaHee ycTaHOBAeHHOfi BeAHqHHbí aieAe3- 
Hbiň HKopb 3 BTHrHBaeTCH b KaTymKy, 3aMbiKaa 
npn noMOmn CBH3aHHoro c hhm KOHTaKTa 4 uenb- 
onepaTHBHoro TOKa. riocAeAHHft, npoxoAa no 
KaTyniKe 5 9Ae.KTpoMarHHTa 6 OTKAioqaioiuero 
ycTpoflcTBa BbiKAioqaTeAH, ocBOÓoacAaeT 3ameAKy 
BtiKAKwaTeAH 7, KOTopwň noA AeflCTBHeM npy- 
MCHHbl 8 pa3MHKaeT CBOH KOHTaKTbI. 

Ha (J)Hr. 11,3 h II, 4 npHBeAeHbí OAHOAHHeŘ- 
Hwe npHHUHnHaAbHbie cxbmh BKAioqeHHH nepBHM- 
Horo peAe KOCBeHHoro AeŮCTBHH H BTOpHqHOn> 
peAe npaMoro AeňCTBHH. 

nepBHMHHe MaKCHMaAbHbie TOKOBbie peAe 

HMeioT cAeAyiomHe ocHOBHue HeAocTaTKu: 



í) OÓMOTKH pe^e npH ÓOAblUHX 3HaMeHHHX 
tokob noBpejKjneHHH noABepraioTCH coOTBeTCTByio- 
mHM TepMHqeCKHM H AHHaMHHeCKHM B03AeftCT- 
BHAM, nosTOMy MexaHH3M peJie AOAxceH 6bm> 
BeCbMa npOMHblM, MaCCHBHblM H, KaK CJieACTBHe 
sToro, aacTO SuBaeT HeAOCTaTOMHO tomhhm h 
HyBCTBHTCJIbHUM; 

2) b ycjioBHHx sKcn^oaTauHH oómotkh pe-ae 
HaxoflHTCH noA nojrauM paóOMHM HanpaxceHHeM 
3amHiuaeMoň ycTaHOBKH, noaTOMy npoBepKH 
h^h pery^HpoBKH pe^ie HeoóxoAHMO CHHMaTb 
HanpaxceHHe c BbiK.aiOMaT6.aa, Ha kotopom bto peae 
yCT3H0B^ieH0, MTO IIO yCAOBHHM paĎOTU ./IHHHH 
ĎbiBaeT b HeKOTopwx ' c^ynaax 3 aTpyAHHTeAbH 0 

H/IH Aaxce HeB03M05KH0. 



<p H r. il,3. CxeMa BKaroieKHfl nepBHMHoro peae MaKCMvaab- 
Horo TOKa KoeBeHHoro fleiicTBHfl. 


ue^ecoo6pa3HO Hcno.ab30BaTb A-aa AHHHfi b ycTa- 
HOBKax ao 35 kV BkaroaHTeabHO, c BUKAiOMaTe- 
jihmh, AonycKaiouiHMH npHMeHeHne pyaHHx 3 bto* 

MaTHMecKHx npHBOAOB (npuBOAOB, BK^roaaeMbix 
BpyMHyro). 

Bo^biuoe pacnpocTpaHeHHeBHacToamee BpeMa 
HMeiOT BTOpHMHbie pe^e KOCBeHHOrO AeftCTBHH. 
Ohh očAaAaioT aaeAyiomHMH aoctohhctb3mh: 

1) peAe MOXCHO BbinO./IHHTb A0CT3T0MH0 T0M- 
HblMH H MyBCTBHTe^lbHblMH, TaK KaK OHH: a) AO^JKHbl 
coBepiuaTb He3HaMHTejibHyio pafioTy, ynpaBAaa 
TOAbKo uenbio onepaTHBHoro TOKa; 6) noABep- 
raiOTCfl OTHOCHTeabHO He<SOAbIHHM TepMHMeCKHM 
H AHH3MH MeCKHM B03AeftCTBHHM TOKOB nOBpéHC- 

AeHHH, ĎyAyaH BKJiioHeHbí aepe3 H3MepHTeabHbie 

TpaHc4>opMaTopbi TOKa; 

2) pe/ie moacho npoBepaTb h peryAHpoBaTb 
bo BpeMa BKcnjioaTauHH 6e3 HapymeHHa paóoTbi 
3amnmaeM0ň jihhhh, TaK KaK ohh ycraHaBAHBaioTCH 
OTAe^bHO ot BbfK^ioMaTejíeň. 

K HeAOCTaTKaM cxeM 3am,HTN c pe^e kocb^h- 
hoto AeftcTBHa c-aeAyeT othccth HeoSxOAHMocTb 
HMeTb HCTOMHHK OnepaTHBHOrO TOKa. 

MaKCHMa^bHaa TOKOBaa 3am«Ta HB^iaeTca naH- 
6ojiee npocTOň h AeweBOň h noaTOMy uiHpoKO 
npHMeHaeTCa b pacnpeÁejiHTejibHbix ceTax Hanpa- 
xteHHeM 35 kV h hhjkc. 



Oar. 11,4. CxeMa BKaioaeHHfl btophm- <l>Hr. 11,5. Pa3MemeHHe MaKCHMajibHoft tokoboH 3amHTbi b paaHajibHoň ceTH c 
Horo pejie MaKCHMa^bHoro TOKa npaMo- oahoctopohhhm mnaHneM. 

ro A6HCTBHH 


BTOpHMHbie pejie npaMoro AeftcTBHa A^ia ocbo* 
6o)KASHHa 3amejiKH BLiKAioMaTejia AoaacHbí co- 
BepuiaTb 3HaMHTeabHyio paóoTy. noaTOMy ohh 
b HeKOTopux CAyaaax He MoryT 6biTb BunojiHeHu 
OMeHb TOMHblMH H MyBCTBHTeabHblMH. ripOBepKa 
h pery^HpoBKa tbkhx pe^e, KorAa 3amHinaeMaa 
^ihhhh HaxoAHTCa noA HanpaHceHHeM, HHorAa Tanace 
33TpyAHHTejibHbi, TaK KaK pejie CBH3aHu HenocpeA- 

CTBeHHO C MeX3HH3M0M BblKJIIOMaTeAH. 

npHMeHeHne peae npaMoro ag®ctbhh (b oco- 
ĎeHHOCTH nepBHMHblx) OrpaHHMHBa^IOCb r^aBHblM 
o6pa30M HeOTBeTCTBeHHblMH ycraHOBKaMH He- 
6oAbiuoň MouiHOCTH, HanpaxceHHeM ao 6 kV, 
MacTo He HMeiomaMH hctomhhkob onepaTHBHoro 
TOKa. Oah3ko HecjiojKHbie THnM peAefiHoň 3 a luh tu 
c btophmhumh pene npaMoro AeftcTBHa oTjiHMa- 
iotch npn xopomeM KaaecTBe nocjieAHHX čoAbinefi 
npocTOToň h HaAeacHOCTbio b sKcn^oaTaHHH, MeM 
3aiuHTbi Ha onepaTHBHOM Tone, b ocoďchhocth, 
ecaH oh no/iyMaeTca ot aKKyMyAHTopHbix SaTapeft 
(cm. HH*e). riosTOMy BTOpHMHbie pe^e npaMoro 
AeftCTBHH AonycTHMo, a b paAe c^yaaeB HHaHČoaee 


JJeftcTBae 3amuTbi paccMOTpeHo Ha npHMepe 
npHMeHeHHH ee a^ih paAHa.ibHoft ceTH c oahocto- 
POhhhm nuTaHiieM (4>Hr. II, 5). 

Taayio 3ainHTy oďukhobchho ycTaHaBJíHBaioT 

B ceTH TO^bKO CO CTOpOHbl nHT3HHH HHHHft flJl H 
OTKHIOMeHHH- BUKAIOMaTe^eft 1, 3 H 5. OCHOBHaa 
30Ha, 3amHtnaeMaa Ka*Aoft H3 3amHT, BK/noMaeT 
JIHHHIO H IUHHbl npHeMHOft nOACTaHUHH. 

HeAOCTaTKOM pa3MemeHiia 3amHT no 4)«r. II, 5 
HBAaeTca to, mto no cpaóoTaBmeft 3amHTe Heab3a 
onpeAe^HTb, rAe npoH30in^o noBpeatAeHHe — Ha 
JIHHHH HHH Ha HIHH3X COOTBeTCTByiOmeft npHeMHOft 
nOACTaHUHH. Sto OČCTOHTeAbCTBO B HeKOTOpUX 
c^yMaax yBejiHMHBaeT BpeMa, HeoóxoAHMoe aah 
0TUCK3HHH nOBpe»cAeHHoro oó-beKTa, H3aTarHBaeT 
BOCCTaHOB/ieHHe nopMaAbHoro peacHMa paóoTbi. 

HeAOCTaTOK mojkho ycTpaHHTb ycTaHOBKoft Ha 
npneMHbix CTopoHax ^hhh 0 MaKCHMaabHoň tokoboř 
3aniHTu, AeňCTByioLaeň Ha BUKAioMaTejiH 2 h 4. 

OAHaKO npH 9T0M 3H3MHTe^IbH0 B03paCTaeT CT0- 
HMOCTb 3ainHTbI CeTH H yBeHHMHBaiOTCH, KaK TO 
6yAeT noKa3aHO Hnace, BpeMeHa ee AeftcTBHa. 
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noaTOMy yeTaHOBKa 3amHT C npweMHblX CTOpOH 
jihhhh b HacTonmee BpeMa, KaK npaBHao, He pe- 
KOMeHiiyeTCH. 

Tok TporaHHS pe;ie 3amnTbi i p . m , t. e. 
MHHHMa^bHbiň tok, npn kotopom oho cpaóaTMBaeT, 
AAa npeaorBpameHHa OTK^itoneHHň ,/jHHHft npa 
orcyrcTBHH noBpeacaeHHH na hhx AO/iaceH 6wTb 
óoAbme MaKCHMaflbHoro TOKa Harpy3KH 3ain.Htnae- f 
MOft JIHHHH. 


BblflepjKeK Bp6M6HH, TeM ĎOAblHHX, neM ÓAHace 
3amHTa pacnoAoaceHa k HCTOHHHKy nHTaHHa. B 
3tom cnyqae npn bo3hhkhob6hhh noBpeacAeHHa 
nepBofl cpaóoTaeT 3amaTa, ČAHace pacnoAoaceHHaa 
k MecTy 3aMbiKaHHa, HMeiomaa MeHbiuyio bh- 
AepatKy BpeMeHH. 

CymecTByiOT Tpn ochobhhx Tnna MaKCHMa/ib- 
Hbix TOKOBMX pe^e C He33BHCHM0H, 3 3BH- 
C H M O ft H OrpaHEMCHH 0-3 3BHCHM0ň Bbl- 



npH noBpexcAeHHH Ha oahom H3 ynacTKOB ceTH 
tok noBpeacaeHHH npoxoaHT Hepe3 Bce pe^e, 
ycTaHOB^eHHbie Meac^y mcctom noBpeac,a.eHHH h 
reHepHpyromHM.HCTOHHHKOM, H eCAH 3T0T TOK OKa- 

xceTCH čo^buie, neM i p . m pe/ie, to 3amHTbi npa- 
AyT b aeňcTBHe. OflHaKo no ycAOBHio ce^eKTHB- 
HOCTH CpaÓOTaTb H OTKfllOHHTb BblK/nOHaTeAb AOJI- 
iKHa TOflbKo o a, Ha 3amHTa, čaHacaflinaa k MecTy 
noBpextaeHHa, b 30He KOTopoil oho npoH30in.ao. 
Tak, HanpHMep, npn nOBpeac,aeHHH Ha yaacTKe BC 
MoryT noaeftcTBOBaTb 3amHTbi Ha BbnunoqaTe/iHX 
3 h 5; cpaóoTaTb ace AOAacHa TOAbKO 3amHTa Ha 
BUKaronaTe^e 3. Tanoe aeftCTBHe 3ain,HTbi MoaceT 
6biTb AOCTHrHyTO AByMa cnocoóaMH. 

riepBbiň ocHOBbmaeTca h3 tom, hto tok' no- 
BpeacAeHHH yMeHbuiaeTca npn npoqnx paBHhix yc.no- 
bhhx c yaa^eHHeM MecTa noBpeacfleHHa ot reHe- 
pHpyromero hctohhhk 3. Bbionpaa i pM 3 ain,HT 6ojib- 
uihmh, neM MaKcniviajibHbie tokh pe^e Ha AaHHOM 
ynacTKe npn *noBpeac.neHHH Ha c^eayiomeM, 6ojiee 
yaa^eHHOM ot hctohhhk 3 nHTaHHa, bo3mohího 
co3ii;aTb MrHOBeHHo AeňcTByiomyK) ce^ieKTHBHyio 
aamHTy. BbinojraeHHaa t3Khm o6pa30M 3amHTa 
6y,aeT BecbMa rpyňoň, MoaceT Booóme He neňCT- 
BOBaTb npa 3aMbiKaHHax Ha 3amnmaeM0M ynacTKe 
h^h b jiyqmeM cayqae 6yneT 3amHin.aTb TOAbKO 
qacTb ero, pacnoAoaceHHyio 6AHace k HCTOHHHKy 
nHTaHHa. ílosTOMy TaKyio 3amnTy, Hocamyio Ha- 
3B3HHe M3KCHMajIbH0ň TOKOBOft OTCeHKH (CM. IVI. II, 

§ 17) b oóiueM CAyqae HeAb3a npHMeHHTb KaK 
ocHOBHyio hah 3aniHTbi ahhhíí. 

BtopoS cnoco6, KaK npaBHAO, npHMeHaeMbift 
Ha npaKTHKe, npenycMaTpHBaeT co3naHHe y 3amHT 
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3Toro THna HB^aeTca MrHOBeHHoe (He3aMea^eH- 
Hoe) peae, BpeMa neftCTBHa KOToporo onpeae- 
jiaeTCa TOAbKo co6cTBeHHbiM BpeMeHeM aeftCTBHa 
KOHCTpyKUHH, KOTOpOe CTpeMHTCH B ÓOAblUHHCTBe 
cnyqaeB HMetb no bo3moxchocth Ma^bíM. 

Pe^ie c 3aBHCHMofl xapaKTepncTHKOň aeňCTBy- 
eT c TeM MeHbineň BH^epacKoň BpeivieHH, qeM 
6o^bme tok b ero o6motkc. Pe^e c orpaHHneHHO- 
33BHCHM0ft XapaKTepHCTHKOfi HMeeT BpeMa AefiCT- 
BHa, 3aBHcamee ot TOKa npn OTHocnTe^bHO He- 
óo^bniHX 3H34eHHHx noc^eAHero h He 3aBHcaniee 
npn 6oabuiHX. 

ycjioBHbie H3o6paaceHHH Hanóo^ee nacTo npn- 
MeHaeMbix thhob pe/ie npHBeaeHbí Ha (pHr. 11,7. 

2. TOK TP0TAHH51 3AIUHTbI 

Jlaa onpeaeAeHHa BeAHHHHM TOKa TporaHHa 
3auiHTbi paccMaTpHBaeTca ee noBeAĚHHe npn no- 
BpeacAeHHH BHe ochobhoA 3amHinaeMoň 30Hbi. 

ripeAnoAOHCHM, HanpHMep, hto noBpeacaeHHe 
npoH3omao Ha ynacTKe BC paaHaabHOň ceTH 
((jmr. 11,5). B AeftCTBne npHAyT 3amHTbi Ha bh- 
KAK»qaTe.aax 3 h 5- npn npaBHAbHoň pašoTe 3auiHTu 
c BbiAepacKoft BpeMeHH t z oTKAionaeTca bmkaio- 
naTeab 3, SanacaftuiHň k MecTy 33MMKaHHa. riocae 
3Toro noBpeacaeHHe b yqacTKe AB Hcqe3HeT h 
3amHTa Ha BMKJnoqaTeae 5, paóoTatomaa c Bw^epac- 
Koň BpeMeHH AOAacHa nepecTaTb acůctbo- 

B3Tb H B03BpaTHTCa B HCXOAHOe nOAOateHHe (4>Hř. 
II, 8). 0AH3K0 9T0 np0H30ňaeT TOAbKO B TOM 
cayqae, ecAH tok B03BpaTař>.8 MaKCHMaAbHbix 
tokobux pejie 3amHTM Ha BbiKaioHaTeAe 5, t. e. 



MaKCHMa^bHblH TOK, npH KOTOpOM pe/ie B03Bpa- 
maeTca b ncxoAHoe noAojKeHne, OKaaceTca óo/ib* 
Uie MaKCHMa^bHOrO TOKa Harpy3KH Í H azp max, Ha- 
paBAaioinerocH Tenepb no ahhhh AB k noTpeÓHTe- 
n^iHM noACTaHUHH B : 



4>«r. 11,8. noBefleHHe MaKCHMajibHoft TOKOBoň~3amHTbi npH 
CBepxTOKax. 


HeoóxOAHMO yqHTbiBaTb, íto oTKjnoHeHHaa 
ahhhh BC Morjia nepeaaBaTb oTHOCHTeAbHO He- 
ÓOAblUyiO MOIUHOCTb H, CAeAOBaTeAbHO, TOK Ha- 
rpy3KH inatp m in nO BeAHHHHe ÓAH30K K M3KCHMaAb- 
HOMy TOKy inazp max, nepeAaBaeMOMy no AHHHH 
AB B yCAOBHHX SKCnAOaTaUHH, H noaTOMy MOHCeT 
6uTb eMy npnpaBHeH. 

BbOAA K09<J)HUHeHT HaAeXCHOCTH &«>1 COOTHO- 
uieHne (II, 1) mohcho npeACTaBHTb b cAeAyiomeM 
BHAe: 

Ip- e as k H • inazp max. (II, 2) 

3HaqeHHH i p . m n i pe MaKCHMaAbHux tokobmx 
pe^e HaxoAHTca MeacAy coóoň b onpeACAeHHOM 
COOTHOmeHHH, 3aBHCBUieM OT MexaHHqeCKHX H 
9AeKTpnMecKMx cboíIctb peAe h onpeAeAneMOM 
K09(J)HUHeHT0M B03BpaT3. 

(11,3) 

p. m 

Jlnn MaKCHMaAbHbix peaie k 8 <. 1, t. e. i p . B < i p . m . 

npHHHMaH BO BHHMaHHe (II, 2) H (11,3), HOAyqHM 

ip. m — —-inazp max. (11,4) 


SyKBaMH. Tax, HanpaMep, tok TporanHH 3aiUHTH 
Bbipa3HTCH qepe3 nepBHMHbiň tok Harpy3Kn 
Inazp. max npn K094)HuneHTe Tp3HC<j)OpMau,HH TpaHC* 

(^opMaTopoB n m cAeAyiomHM coothoiuchhbm: 

ip.m ,HaZP max . (H,5) 

ke tlm 

y COBpeMeHHbIX BTOpHHHbIX peAe KOCBeHHOrO 
AeScTBHfl k e sr 0,8 -*• 0 , 9 . HeM Bbinie k e , TeM MeHbninft 
ip. m MOHCHO yCT 3 HOBHTb Ha 3 aiHHTe npH AaHHOň 
Harpy 3 Ke, a CAeAOBaTeAbHO, TeM qyBCTBHTeAbHee 
OHa šyAeT. 

Bbióop BeAHMHHbí k H onpeAeAHeTca hcahm pa- 

AOM (fiaKTOpOB, OCHOBHblMH H3 KOTOpblX HBAHIOTCH: 

1) ouihókh b i p . npeACTaBAajonxne coóoii 
pa3HOCTb MeacAy AeůCTBHTeAbHHM ero 3HaaeHneM 
n ycTaHOBAeHHHM npn peryAHpoBKe peAe; 

2) B03M0ACH0CTb noflBAeHHa b 3amHni,aeMOM yaa* 
CTKe nocAe OThvnoqeHHH CKB03Horo KopoTKoro 
3aMbIK3HHa TOKOB Harpy3KH ÓOAbHIHX, MeM npn 
HopMaAbHOŘ paóoTe. 

yka3aHHbie cooTHomeHna tokob noAyqaioTCH 
npH Harpy3Ke, HMeiomefl 3HaqHteAbHbiň nponeHT 
acHHxpoHHbix ABnraTeAeň, He OTKAioqaeMbix npn 
KpaTKOBpeMeHHux noHHaeHHHX HanpaweHHH. 
TaKaa Harpy3Ka nocAe OTKAroaeHna CKB03HOro 
3aMbiKaHHH b ceTH nOTpeÓAaeT b TeaeHHe HeKo- 
Toporó BpeMeHH noBhimeHHbiň tok, noKa ABKraTean 
He npaoépeTyT HopMaAbHoro CKOAbaceHHa, Ecah 
ace HanpanceHHe He BoecTaHaBAHBaeTca ao 

HOpMaAbHOň BeAHHHHbl, TO H yCTaHOBHBIHHftCH TOK 
Harpy3KH MoaceT 0Ka3aTbca óoAbme HopMaAbHoro, 
npHHHTÓrO AAH BblHHCAeHHH ip. m 

npn pacaeTax npHHHMa^Tca k H =& 1,2. B pe 3 yjib- 
TaTe OKaáMBaeTca i p . m 140% Maiccnu aAbHoro 
paóoqero Toxa. I H az P me% b npaBHAbHO 3 anpoeKTH- 
pOBaHHOňH HOpMaAbHO 9 KCnAOaTHpyeMO 0 yCT 3 HOB- 
xe He AOA»ceH 3HaqHTeAbHo npeBocxoAHTb homh- 
HaAbHoro Toxa 9 AeMeHT 0 B, BxoAamnx b 3 ain.Hmae- 
Myio 30 Hy (pa 3 T>eAHHHTeAeft, BbiK^ioHaTeAeň, npo- 
BOAOB, H 3 MepHTeAbHblX TpaHC<|)OpMaTOpOB TOKa). 

B HeKOTopwx cnennaAbHbix CAyaaax, xorAa 
tok b 3am.HmaeM0ň ^hhhh npn BoccTaHOBAeHHH 
HanpHHceHHa b ceTH b TeneHae BpeMemi, čoAbrae- 
ro BpeMeHH AeflcTBHa 3amHTH, 3HaHHTejibH0 npe- 
bocxoaht tok HarpyŠKH (HanpHMep, Ha (jwflepax 
coócTBeHHoro pacxoAa CTaHHHŘ, nHTaromnx abh« 

raTeAH C K0p0TK03aMKHyTblMH pOTOpaMH) ip.m 
npHXOAHTca BbičnpaTb OoAbme, aeM nycKOBOň tok. 

3. BblAEPlKKA BPEMEHH 3ALU,HTbI 


B BbipaHceHHax (11,1—11,4) Bce tokh oth^cchm 

KO BTOpHHHblM OÓMOTK3M H3MepHTeAbHbIX TpaHC- 
(J»opMaTopoB TOKa h nosTOMy o6o3HaqeHbi cTpoa- 
HbtMH SyKBaMH. B CAyqae OTHeceHHa tokob k nep- 
BHHHblM OĎMOTKaM H3MepHTeAbHblX TpaHC(J»Op- 
MaTOpOB HX npHHHTO 0603HaaaTb 3arJ13BHblMH 


Bbióop BbiAepaceK BpeMeHH 3amHT 3aBHCHT ot 
BHA a xapaKTepHCTHK npHHHTbIX h yCT3H0BKe MaK- 
CHMaAbHbix tokobmx pe^e. 

BblAepACKH BpeMeHH 3aniHT C He33BHCHMbIMH 
xapaKTepHCTHKaMH l4)Hr. II, 6a) ycTaHaBAHBaiOTCH 
corAacHO CTyneHaaTOMy npHHiiHny, no KOTopOMy 
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KaxcAan noc^eayiomaa 3ainHTa, cqHTan no Hanpa- 
BAeHHK) K HCTOHHHKy nHTaHHfl, AOAHCHa HMeTb 
BpeMH AeftCTBHA óoAbinee, neM y npeAbmymeň 
3amHTbi, HMeiomeň HaHÓOAbinyio BbmepHCKy Bpe- 
MeHH. 

Baóop BbiaepaceK BpeMeHH cjiejyeT HannHaTb 
c 3amHTbi s^eMeHTa, HanóoAee yAaAeHHoro ot 
HCT 04HHK3 nHTaHHfl, T. e. 3amHTbI Ha nOACTaHnHH 

C (4wr. II, 9).. BbiflepacKa BpeMeHH 4 3T0ň 3amH- 
Tbi, KaK npaBHAO, óepeTca paBHOň HyAio. npn 
3TOM BpeMH aeňCTBHfl 3aiHHTbI OKa3bIBaeTCH paB- 
HblM COÓCTBeHHOMy BpeMeHH AeňCTBHfl t t MrHOBeH- 
hhx peAe, bxoahiahx b cxeMy. 



<J>HT. 11,9. XapaKTepHCTHKH MdKCHMaJIbHOH TOKOBOH 3amHTbI 
C H63aBHCHMOH BhmepHCKOH BpeMeHH. 

BbwepjKKa BpeMeHH 4 3am,HTbi Ha CAeAyiomeM 
yaacTKe, t. e. Ha noACTaHui^H B, BučapaeTca 
óOAbineft, aeM y oainHTbi Ha ' noACTaHitHH C Ha 
BeAHHHHy A t, Ha3biBaeMyio CTyneHbio b h a e p- 
HCKH BpeMeHH, H ÓyAST, CAeAOBaTeAbHO, paBHa 

4 -j- Ač. 

BbiAepacKa BpeMeHH 4 3amHTbi, ycTaHOBAeHHoft 
Ha nOACTaHnHH A, AOAHCHa ObiTb Tanace Ha CTyneHb 
Ač SoAbuieň, aeM y 3aiu,HT 3AeMeHT0B Ha npeAbi* 
Aymeň nOACTaHnHH B. IlpeAnoAOHCHM, hto BbiAep- 
acKa BpeMeHH BToporo SAeMeHTa, npncoeAH- 
HeHHoro k mHHaM nOACTaHnHH B, 6oAbme qeM t 2 . 
TorAa corAacHO CTyneHaaTOMy npHHnHny BpeMH 
4 AOAHCHO 6wTb B3HT0 paBHblM ť 2 -\-b.t. 

AHaA0rHHHHM06pa30M BHČHpaeTCH H BblAepK- 
Ka BpeMeHH 4 3amHTbi Ha HCTOHHHKe nHTaHHfl 
(HanpHMep, reHepaTope hah noHHHcaioineM TpaHC- 
4>opMaTope). 

npn Buóope Ač yqHTbiBaioTCH CA^AyiontHe Tpe- 
óoBaHHa: 

1) CTyneHb AOAHCHa óbiTb Taxofi: Be^iHMHHU, 
HTOÓbi noBpe*AeHHe Ha KaKOM-AHóo yaacTKe ot- 
K^ioHaAOCb paHee, qeM 3amHTa nocAeAyiomero 
yaacTKa 33MKHeT KOHTaKTbi h noAacT OTKAionaio- 
mHfl HMnyAbC Ha CBoň BbiKAioqaTeAb; 

2) CTyneHb aoahch 3 6biTb no bo3mohchocth 
MHHHMaAbHOft AAH yMeHbmeHHH BblAepHCeK BpeMe¬ 
HH 3amHT b ceTH. 
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yHHTbiBaa sto, Ač onpeAeAaeTCH Ha ocHOBa- 
hhh cAeAyioinHx cooópaHceHHŘ. 

1. B BeAHHHHy AČ 3anXHTH AOAHCHO BXOAHTb C06- 

CTBeHHoe BpeMH AeňcTBHH tg BMKAioflaTeAfl npe- 
AHAymero yqac.TKa, Tax KaK npn 3aMbiKaHHH Ha 
HeM AAHHaa 3amHTa h3xoahtch hoa B03AeftcT- 
BneM Tona noBpencAeHHfl b TeaeHHe He TOAbKO 
BpeMeHH AeňcTBHH npeAUAymefi 3amHTbi, ho h 
ee BbiKAiOHaTeAfl. 

noA BpeMeHeM agUctbhh BbiKAioHaTeAH npn 
3 tom noHHMaeTca BpeMH ot MOMeHTa noAaflH Ha 
Hero OTKAioMaiomero HMnyAbca ao MOMeHTa ra- 
rneHHH b HeM Ayrn. 

2. B BeAHHHHy AČ AOAHCH3 BXOAHTb CyMMa MaK- 
CHMaAbHOft nOAOHCHTeAbHOŘ OHIHSkH BO BpeMeHH 
AeňcTBHH Afmax npeAHAymefi 3ainHTbi h OTpHixa- 
TeAbHOft OHIHÓKH AČ" ma x A3HHO0 3aU|HTbI. yKa3aH- 

Hoe TpeóoBaHHe BH3biBaeTCH TeM, hto npn h3ahhhh 
OUIHÓOK AČ'max H AČ" ma x pa3HHna BpeMeH AeflCTBHH 
AByx CMencHbix 3amHT yMeHbuiaeTCH. ripn Henpa- 
BHAbHOM BHÓOpe yCT3BOK 3TO MOHCeT npHBeCTH 
k TOMy, hto 3amHTa AaHHoro HenoBpeHCAGHHoro 
ynacTKa ycneeT nocnaTb HMnyAbc Ha oTKAioqe- 
HHe, npencAe neM cpaĎOTaeT BbiKAioHaTeAb cmchc- 
HOft nOBpeHCAGHHOÍI AHHHH. 

3. B Ař AOAHCHO BXOAHTb BpeMH HHepUHOH- 

HOň ouih6kh 4 pene AaHHOft 3amHTbi, Tax Kán 

HOA BAHHHHeM CHA HHepUHH peAe MOryT npOAOA- 
HcaTb AeňcTBOBaTb b TeneHne HeKOToporo Bpe¬ 
MeHH, nocAe toto 1 Kax noBpencAeHHe 6 wao ot- 
KAroneHo BbiKAioHaTeAeM CMencHoro ynacTKa. ripn 
HeyneTe AaHHoro 4 ,aKT0 P a 3amHTa HenoBpenc- 
AeHHoro yqacTKa MonceT cpaĎOTaTb h HeceAeK- 
THBHO OTKAJOHHTb erO yXCe nOCAe HC4e3HOBeHHH 
Tona nOBpencAeHHH. 

y^HTUBan npHBeAeHHbie Bbinie cooópaxceHHH 
h npHHHMan pe3epBHoe BpeMH (3anac) paBHbíM 
4an> 

Ař — 4 + -|- At" max -\~t u 4an- (H|6) 

BpeMeHa agřctbhh coBpeMeHHux coio3Hbix bh- 
KAioqaTeAeň KOJiedjuorca b npejiejiax 0,1-^-0,3 
cex. MaKCHMaAbHwe ohihčkh no BpeMeHH cpaóaTU- 
B3HHH peAe C He33BHCHMOň XapaKTepHCTHKOft AO- 

xoaht ao 0,1-^-0,15 cex., HHepuHOHHbie oniHÓ- 

KH SAeKTpOMarHHTHMX peAe ČAH3KH K HyAIO. riO- 
3TOMy A t AAH 3amHT C He3aBHCHMbIMH XapaKTe- 
pncTHKaMH, BbinoAHHeMbix, KaK npaBHAO, nocpeACT- 
BOM 3AeKTpOM3rHHTHbIX peAe, COCT3BAHeT o6hh- 

ho 0,5 + 0,7 ceK. 

HeoóxoAHMO OTMeTHTb, hto b pHAe CAyqaeB 
cymecTByromHe Ha npaKTHKe BbiAepHCKH BpeMe¬ 
HH MaKCHMaAbHbIX TOKOBblX 3auiHT MOryT ÓMTb 
noHHHceHbí 3a caeT yMeHbuieHHH A4 B3HTbix 6e3 
AOCT3T04HHX Ha TO OCHOBaHH0 CO 3H34HTeAbHM- 
mh 3anacaMH. 

BwnycK h npHMeHeHne óucTpoAeňCTByiouíHx 
BbiKAioMaTeAeň h peAe c mhahmu ouiuĎKaMH no 



Bp6M6HH AeftCTBHH nOnHCHbl TaXHte ASTb CHHHte- 
hh6 Ař, KOTopbie b CLUA naa HeKOTOpwx ceTeft 
C ÓUCTpOfleftCTByiOmHMH BHXníoqaTenHMH COCTaB- 
jin k>t Bcero 0,3 cex. 

XapaKTepncTHKH BpeMeHH neňCTBHa 3auiHT c 
pene, BblflepHCKH BpeMeHH KOTOpMX 33BHCaT ot 
B eJIHMHHbl TOKa, nOA^KpaiOTCH HeCKOnbXO HHHM 
o6pa30M. 

Ilpencne Bcero nonxceH 6 utl pemeH Bonpoc, 
KaXOft XapaKTepHCTHKe—3aBHCHMOft HJIH OrpaHH- 
MeHHO-3aBHCHMOň (<|)Hr. II, 6)—AO^HCHO ÓbITb OTflaHO 
npennoqTeHae. 3amaTbi c 3a.BHCHMoft xapaxTepa- 
(CTHKoň, HaqHHaa c onpeneneHHbix tokob, hmciot 
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$nr. 11,10. XapaKTepHCTHKH MaKCHMaabHoft tokoboS 3auiH* 

TbI C OrpaHH<ieHHO-3aBHCHMOft BbWepaCKOÍi BpeMeHH. 

BMaepxcKH BpeMeHH, 6nH3xae k Hynxj, h He MoryT 
b pane cnyqaeB oSecneqHTb cenexTHBaoe OTxnx>- 
aeHHe noBpencneHHft b ceTax, HMeromax Hecxonbxo 
nocnenoBaTenbHux yqacTXOB. IloaTOMy Ha npax- 
THKe nns 3am,HTH ceTeft b HacToamee BpeMa npn- 
MeHHioT oSbíHHO pene c orpaHHqeHHO- 33 BHCHMoň 

xapaKTepncTHKOft. 

XapaKTepncTHKy Bbinspacxa BpeMeHH Taxoň 3a- 
ihhtu nna naHHoro yqacrxa AB BuónpaioT Tax 
(<jmr. 11,10), mtoóh npn noBpeacneHHH b Haqane 
npenunymero yqacTxa BC, oOycnoBnaBaiomeM b 
naHHOM yqacTxe MaxcHManbHO B03Mo>xHbift tok 
cKB03Horo xopOTXoro 3aMbiK3HHH V 3 , 3amHTa, ycTa- 
HOBneHHaa Ha noncTaHUHH A, HMena Bunepncxy 
BpeMeHH Ha CTyneHb A t čonbmyio, qeM 3amHTa 
Ha noncTaHHHH B. Torna npn MeHbmax Toxax no- 
BpejxneHHH pa3HOČTb b Bbinepacxax BpeMeHH neyx 
cMe)KHbix 3arnHT oxanceTca Sonbme onHoft cTy* 
neHH h cenexTHBHOCTb 6 yneT očecneqeHa, Tax xax 
pa3HOCTb Bbinepjxex BpeMeHH nByx pene c pa3- 
HtjMH xapaxTepHCTHxaMH oóbiqHO TeM čonbrne, 
qeM Menbuie tox b pene. 

no Mepe IipHÓ/IHHCeHHH X HCTOqHHXy IIHTaHHH 

tokh noBpencneHHH yBenaqHBaioTca no BenaqHHH 
1" 3 . rioaTOMy npa 3 aMbixaHHH Ha yqacTxe AB 
BčnH3H hihh noncTaHHHH A BtanepncxH BpeMeHH 


3amHTH naHHOft nHHHH nOHHHCaiOTCH H b Hexo- 
Topux qacTHbix cnyqaax MoryT oxa3aTbca He 
čonbuiHMH, qeM Ha npemanymeň. yxa3aHHoe 
CBoňcTBO 3auiHTbi, nocTHraeMoe 3a cqeT ee pa- 
6 otm npa noBpeacneHHax Ha cm6>khom yqacTxe 
b 3aBHCHMoft qacTH xapaxTepHCTHx, coxpamaeT 
BpeMeHa neňCTBHa 3anjHT b ccth no cpaBHeHHio 
c 3amHT3MH c He3aBHCHMbiMH BbinepacxaMH BpeMe¬ 
HH. ' 

OrpaHHqeHHO-3aBHCHMbie xapaxTepHCTHXH 
ynyqraaroT 3a cqeT 3HaqaTenbHbix Bbinepjxex Bpe¬ 
MeHH npn Toxax, 6nH3XHX K ip. m , CenexTHBHOCTb 
neftCTBHa 3amHT, ycTaHOBneHHux Ha pannanbHHX 
nHHHHX, OTXOnHUÍHX OT OĎHIHX HIHH nOnCT3HUHH 
h nHTax)mHX Harpy3xy, BxmoqaxjmyK) 3HaqHTenb- 
Hbiň npoueHT acHHxpoHHbix nBaraTeneft, He ot- 
KnxjqaeMwx npn noHHnceHHax HanpanceHHa. rio- 
BumeHHwe toxh b 3nopoBux nHHaax, oóycnoB- 
neHHbie b naHHOM cayqae 3aTopMoaceHHbiMH naa- 
raTensMH, npn noBpencneHHH Ha onHoft H3 na- 
HHft cnanaKJT paHee, qeM ycneBax)T cpafíoTaTb c 
yBenaqeHHOft BHnepncxoft BpeMeHH coorBeTCTByx)- 
mne 3amHTH. řípa npHMeHeHHH nna Taxax na- 
HHft 3amHT c He3aBHCHMbiMH xapaxTepHCTHxaMH 
cenexTHBHOCTb hx neňcTBHa b pane cnyqaeB 
nocTaraeTca Tonbxo 3arpy6neHaeM, t. e. yBena- 
qeHneM i„. m . 

řK HenocTaTxaM orpaHHqeHHO-3aBHCHMbix xa- 
paxTepHCTHx OTHOcaTca: 

1) OTHOCHTenbHaa cnoxHOCTb hx non6opa, 
ocoOeHHO npa HeoQxonHMocTH cornacoBbiBaTb 
xapaxTepHCTHXH pene pa3nnqHbix thhob; 

2) 3aTHHcxa b oTxnxjqeHHH noBpeacneHHň, 
conpoBOxcnaKJLHHXca tok3mh, 6na3XHMH x i p . m , 
HanpuMep, npa 3aMbixaHaax qepe3 3HaqaTenbHue 

Rn. 

4. OCHOBHbIE TPEBOBAHHH, nPEiU>qBllflEMbIE 
K KOHCTPyKUHHM PEJIE MAKCHMAJlbHOrO TOKA 

U Ha OCHOB3HHH paCCMOTpeHHblX Bbíme CBOftCTB 
3 amHTbi x pene MaxcHManbHoro Toxa npen^as- 
nax)Tca cnenyxjniHe ochobhhs TpéóoBaHaa: 

1. k e nonaceH 6biTb no bosmohchocth 6nH3- 
khm k enHHHue. HeM Bbiuie k „, qeM 6na»ce oh 
x enHHHue, TeM MeHbuiaň i p , m bo3mo*ho ycTa- 
HOBHTb Ha 3antHTe (cm. II, 4). 

flna aneanbHux pene k a nonaceH paBHHTbca 
enaHHue, t. e. řp^nonaceH 6wTb paBeH i p . e . OnHaxo 
b cymecTByxjniHX KOHCTpyxnHax oh Haxorna ena- 
HHue He paBHaeTca no pany npnqHH, rnaBHUMH 
H3 KOTopux aBnaroTCa cnenyiomae: 

a) HeonHKaxoBbie 3axoHbi H3MeHeHaa neftcT- 
Byromax h npoTHBoneftCTByKJutax can npa pa- 
6oTe pene; 

6) TpeHae b nonBHHCHHX qacTHx pene; 

b) HeoSxonaMOCTb cosnaHHH nocTaToqHoro 
HaacaTHa koht3xtob pene nna hx HanencHOft pa- 
6 otu; 

r) HBneHne racTepe3Hca. 
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Pa36op BrtHHHHH 9THX (JjaKTOpOB npHBeACH B 
CJie^yiomeM naparpa<j?e. 3Aecb nce TOrtbKo OTMe- 
THM, HTO BCe OHH OÓyCrtOBrtHBaiOT TO, HTO ip.m 
Bceraa óbiBaeT óortbme i pe a crteAOBaTertbHO, 
ks <1. 

2. Perte AOrtJKHO HMeTb no B03MOHCHOCTH MeHb- 
mne oiuhókh b i p . m , Tax KaK c B03pacTaHH6M 
6THX OUIHÓOK yBertHHHBaeTCH Í p . m 3aiUHTbl 3 a 
cneT B03pacTaHHA k„ (cm. 11,4). Oiuhókh b i p . m 
ofibíMHO He npeB0cx0AflTÍ+;5 % ot ycraHOBJíeH- 
Horo 3H3MeHHH. 



4>Hr. 11,11. BpeMeHa HHepUHOHHOH oiuhókh ( t tt ) h Bbióera {t u . e ). 

3. Perte aoaxcho HMeTb no bo3Mohchocth MeHb- 
niHe oiuhókh b BUAepxcKe BpeMeHH, TaK Kax npn 
9 tóm yMeHbiuaeTCH A t (cm. II, 6), onpeAertaio- 
niaa BpeMeHa AeňcTBna 3amHT b ceTH. V óortb- 
uiHHCTBa perte aócortioTHbie 3HaaeHHa yKa3aHHbix 
ouihóok B03pacTai0T c yBe^HHeHHeM BbiAepaceK 
BpeMeHH. Pe/ie c orpanHneHHO-3aBHCnMoň xapaK- 

TepHCTHKOň HMeiOT OJTHOCHTertbHO ÓÓrtbUIHe OIUHÓ- 
kh b 33BHCHMoň nacm Oiuhókh no BpeMeHH, 
Kax npaBHAO, He npeBocxoAHT 0,15 cex. 

4. HHepuHOHHaa ouiHÓKa perte t u AOrtacHa 
ÓbITb MHHHMartbHOÍÍ, TaK KaK C ee B03paCT3HHeM 

yBeaHaHBaeTCH A t (cm. II, 6). HHepuHOHHyio 
ouiHÓKy, paBHyio BpeMeHH, b TeueHHe KOToporo 
noABHHCHoň KOHTaKT pe.ne nOA AeňCTBHeM TOKa 

KOpOTKOTO 33MbIKaHHa npOXOAHT nyTb, paBHblfl 
no BertHHHHe HHepuHOHHOMy Buóery, He CrteAyeT 
CMemHBaTb c b pe m e h e m HHepunoHHoro 
Bbióera t a . e , noA kotophm noHHMaeTCa BpeMa, 
b TeaeHHe KOToporo ABHraeTCa noABHJKHoň koh- 
TaKT perte nocne npexpameHna b perte TOKa no- 
BpeacAeHHa, npoxoAa nyTb, Ha3biBaeMHň HHep- 
UHOHHblM BblÓerOM. 

Pa3HHuy noHaTHň — HHepuHOHHaa buiHÓKa h 
B peMa HHepuHOHHoro Bbióera noacHaeT <{)Hr. II, 11. 
Ha Heň H306paxceHa 3aBHCHMOCTb nyTH, npoxo- 
AHMOrO nOABHHCHblM KOHT3KTOM perte, B <£yHK- 
Uhh BpeMeHH, caHTaeMoro ot Haaarta bo3Hhkho- 
BeHHa noBpeacAeHHa. riortHhiň nyTb ao 3aMbiKa- 

HHH KOHT3KTOB paBeH S. llyTb, COOTBCTCTByK)- 
umň MaKCHMartbHOMy HHepuHOHHOMy Bbióery, pa¬ 
BeH Su, TaKHM 06pa30M MHHHMartbHblft nyTb, KO- 
Topbifi AOrtaceH npofiTH KOHTaKT 3a BpeMa Aeň- 
CTBHH TOKa nOBpeHCACHHH, HTOÓH KOHT3KTH perte 

3aMKHyrtHcb, paBeH S — Su. Emy cooTBeTCTByeT 
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BpeMa t. EcrtH nepe3 BpeMa t tok noBpe*AeHH» 
uepe3 perte npeKpaTHTca, ero KOHTaKT 3a BpeMa 
HHepuHOHHoro Bbióera t a . e npoflAeT nyTb S a b 
COOTB eTCTBHH C KpHBOĚ ab, 3aMeArteHHblM ABH*e- 
HHeM C KOHeHHOÍl CKOpOCTbIO B TOHKe b, paBHOň 
Hyrtio. EcrtH ace h aepe3 BpeMa, óortbinee t, 
nepe3 perte ÓyAeT HMeTb MecTO tok noBpeacAe- 
hhh, to ero KOHTaKT, ABHraacb BCe BpeMa c 
čortbHioň cKopocTbio, npoňAeT nyTb S a no Kpu- 
Boň ac 3 a MeHbmee BpeMa t a , paBHoe HHepunoH- 
Hofl ouiHÓKe. BHAepacKa BpeMeHH npeAbiAymeň 
3amHTM, : óortbiuaa Ha A t, aeM BbiAepxcKa BpeMeHH 
nocrteAyiomeň 3amHTbi, ycTaHaBrtHBaeTca nprf Ha- 
rtHHHH b perte tokob, cooTBeTCTByiomHX peacHMy 
KOpOTKOTO 3aMbIK3HHa. riOSTOMy, OaeBHAHO, B 
A t H AOrtHCHO BXOAHTb BpeMa t a , TaK KaK eMy B 
paccMaTpHBaeMOM peacHMe HacTpoftKH perte h óy¬ 
AeT cooTBeTCTBOBaTb nyTb Su. HHepuHOHHaa 
oniHÓKa npeACTaBrtaeT coóoň BpeMa, MeHbmee 
BpeMeHH Bbióera, a hmchho, BpeMa, b TeaeHHe 
KOToporo yKa3aHHMft Bbirne noABHJKHoň koht3kt 
noA AefiCTBHeM TOKa noBpeacAeHHa npoxoAHT 
nyTb, paBHbiň HHepuHOHHOMy Bwóery S a . BpeMa 
HHepuHOHHoro Buóera Arta HHAyKUHOHHux CHCTeM 
perte ne npeBoexoAHT 0,2 -^,3 ceK., Arta arteK- 
TpCMaTHHTHblX CHCTeM 9TO BpeMa HHHTOKHO 
Marto. 

5. BpeMa B03BpaTa perte b Ha^artbHoe norto- 
nceHHe nocjie Hcae3HOBeHHa npaqHH, npnBeAniHX 
ero B AeflCTBHe, ÁOrtXCHO ÓbITb MHHHMartbHblM. 
HeM MeHbme ÓyAeT yKa3aHHoe BpeMa, TeM óhct- 
pee perte BHOBb OKaateTca totobum k npaBHrtb- 
HOMy AeňCTBHK). 

6. XapaKTepncTHKH perte He AOrtKHbí 3aBHceTb 
ot TeMnepaTypa oKpyacaiomero B03Ayxa, Tax 
KaK B. yCrtOBHHX 9KCnrt0aTaUHH HM npHXOAHTCH 
paóOTaTb b BecbMa pa3rtHHHUx TeMnepaTypHbix 
ycrtOBHax, pe3KO MeHHiomHxca b TeaeHHe roAa. 
npn 9tom 3HMOŘ TeMnepaTypa OKpyacaioniero 
B03Ayxa MoaceT noHH 5 KaTbca npHMepHo ao — 30°C, 
noBbiinaacb rteTOM ao HecKOrtbKHx AecaTKOB rpa- 
AycoB Bbirne Hyrta. HeKOTopbie coBpeMeHHue 
BTopHHHue perte KocBeHHoro acSctbhh paóOTaroT 
AoCTaToaHO ueTKO TOrtbKO npn TeMnepaTypax 
npHMepHo ao —15®C. npn óortee hh3khx TeMne¬ 
paTypax HaAeacHOCTb paóoTbi 9thx perte noHH- 
HcaeTca rrtaBHbíM oópa30M BCrteACTBne yMeHbme- 
hhh BH3KOCTH Macrta B AeMnípepax h Apyrax aa- 

CTBX, H OHH HHOrAS OKa3bIB3K)TCH HenpHTOAHblMH 

k ycTaHOBKe. 

7. Ha paóoTy perte KaK moxcho MeHbme AOrt*- 
Ha BrtHHTb <f)OpMa KpHBOfl TOKa, KOTOpaa npH 
noBpeacAeHHax MoaceT npeTepneBaTb H3MeHeHHa, 
h npHTOM He Bceraa OAHHaKOBbie bo Bcex aacTax, 
3aniHmaeMoň cncTeMbi. 

8. Perte AOrtHCHbl ÓbITb TepMHHeCKH yCTOflHHBbl, 
t. e. AOrtacHbí óe3 ocTaTOHHHX noBpeacAeHHfii 
BMAepacHBaTb b TeaeHHe HeoóxoAHMoro BpeMeHH 
MaKCHMartbHO B03M0)KHblfií TOK KOpOTKOTO 3aMbl- 
KaHHH. 



TepMH*íecKyK> yCTofiqHBOCTb o6motok peAe 
npHHHTO xapaKTepH30BaTi> MaKCHMaAbHHM 3Haqe- 
HHĚM TOKa nOCTOHHHOft BeAHMHH . I lt KOTOpblft 
ohh MoryT BbiAepjKaTb b TeaeHHe 1 cen 

MaKCHMaAbHUň TOK I t , KOTOpblft MO)KeT Bbl- 
AepaHBaTb peAe b Tenemie BpeMeHH t, npeAno- 
Aaraa OTcyTCTBHe TenAOOTAaaH b OKpyacaiomyio 
cpeay, onpeAeAaeTca H3 BbipaaceHHa 

It = yr- (n,7) 

TepMHnecKaa ycToftquBOCTb coBpeMeHHux pe¬ 
Ae TOKa KOJieóAeTCH b npeaejiax ot 50 ao 500A 

B 33BHCHMOCTH OT HX HyBCTBHTeAbHOCTH H THIja. 

TepMHqecKaa ycToňHHBocTb peAe KpoMe oaho- 
ceKyHAHoro TOKa I t xapaKTepH3yeTca TaKace Be- 
AHMHHOft MaKCHMaAbHOrO AAHTCAbHO AOnyCTHMOTO 
TOKa. 

9. Oďmotkh h noABH«Hbie uacTH peAe aoahc- 
HU ĎMTb AHHaMHMeCKH yCTOftHHBbl no OTHOUieHHK) 
K TOKaM KOpOTKOTO 3aMblKaHHH. 

10. MouiHOCTb, noTpeĎAHeMaa tokobhmh o6- 
MOTK3MH peAe, AOAACHa ÓbITb MHHHMaAbHOft, B 
OCOĎeHHOCTH eCAH OHH HBAHIOTCH BTOpH4HbIMH 
H npHCOeAHHHIOTCH, CAeAOBaTeAbHO, K H3MepH- 
TeAbHblM TpaHC(j)OpMaTOpaM TOKa. npH 3HaHH- 
TeAbHofi moiuhocth, noTpedAaeMoň peAe, TpaHC- 
4>OpMaTOpbl TOKa MOryT paÓOTaTb CO 3H3HHTeAb- 
HblMH OIHHČKaMH, OTpaACaiOIUHMHCH „ Ha BeAHHH- 
Hax BTOpHHHbIX TOKOB, a CAeAOBaTeAbHO, H Ha 
BHAepJKKax BpeMeHH 3amHT, hmcioiuhx orpaHH- 
HeHHO-3aBHCHMHe XapaKTepHCTHKH. 

MomHOCTb, noTpeĎAHeMaa o6motk3mh peAe 
TOKa, H3MepaeTCfl b BOAbTaMnepax c yKa3aHHeM 
cooTBeTCTByiomero cos<p h KOAeĎAeTca b ao- 

BOAbHO lUHpOKHX npeAeAaX B 3aBHCHMOCTH ot 
THna peAe h paAa Apyrnx 4>aKTOpOB. Aah bto- 
pnqHbix peAe KocBeHHoro AeňCTBHa noTpeĎAeHne 
MOfflHOCTH, OTHeceHHOe K HX Í p . m min HpH CO- 
npOTHBAeHHH TOKOBOň OĎMOTKH peAe Z p COCTaB- 
AHIOT BeAHMHHy Pp, m m | n • Z p =5: 0,1 — 10 VA. 

11. PeAe Bceriia aoamchu 6biTb roTOBbi K 
AeňCTBHK), xoTa paóoTaTb hm npHxoAHTca HHorAa 
qepe3 npoMewyTKH BpeMeHH, HMepaeMwe roAaMH. 
JJah očecneqeHHa stoto AOAaseH čbiTb opraHH- 
30B3H cooTBeTCTByiomHň yxoA 3a peAe h ncnpaB- 
HOCTb HX HeOĎXOAHMO nepHOAHHeCKH npOBepHTb. 

5. HCI10Jlb30BAHHE 3JlEKTPOMArHHTHOrO 

nPHHUHilA JlJlfl PEJ1E MAKCHMAJlbHOrO TOKA 

I 

SjeKTpOMarHHTHHMH H33bIBaiOTCH CHCTe- 
mm, b KoTOpux MarH.iTHoe noAe, co3AaBaeMoe He- 
nOABH)KHbIM COAeHOHAOM HAH 3AeKTpOM3rHHTOM, 
B03AeŽCTByeT Ha nOABHHCHhlň CTaAbHOft HKOpb. 

ChA3 npHTHHCeHHa F HKOpa BAeKTpOMarHHTOM 
no 4>opMyAe MaucBeAAa nponopuHOHaAbHa kbha - 
paTy MarHHTHofl HHAyKUHH B: 

F=K 1 -B\ (II, 8) 


TaKHM o6pa30M HanpaBAeHHe chah npHTaace- 

HHH He 33BHCHT OT HanpaBACHHH HHAyKUHH, a 
CAeAOBaTeAbHO, H OT HanpaBAeHHH TOKa. nosTOMy 
BAeKTpOMarHHTHUe CHCTeMbl npHMeHHKSTCH KaK 
AAa nocToaHHoro, TaK h aah nepeMeHHoro tokob. 



4 >Hr. 11 , 12 . K.ianaHiibiH thii aaeKrpoMarHHTHofi CHCieMbi, 



4>Hr. 11,13. Twn SJíeKTpowarHHTnoH cncieMbi c noBopoTHbiu 

AKOpeM-s 

a — HOpMaAbHbifi; 6 — c srícopeM b bhac H3orHyrofi cia^bHOfl iiji3Cthhkh, 




4>Hr. 11,14. CojieHOHflHUH Onr. 11,15. EpoHeBOM* 

Tun SJíeKTpOMarHHTHOH THn SJíeKTpOMarHHT- 

CHCTeMbl. 1100 CHCTeMbl. 


ÍIah nocTpoeHHa peAe b HacToam.ee BpeMff 
HCnoAb3yioTca qeTbipe ocHOBHbix THna BAeKTpo- 
MarHHTHbix CHCTeM : 1) KAanpHHbifl ((pHr. II, 12)- 
2) c noBopoTHHM HKOpeM (4)Hr. II, 13); 3) coAeHO- 
hahmů ((Jmr. II, 14); 4) dpoHeBoň ((jmr. II, 15). 

OCHOBHbie CBOňCTBa SAeKTpOMarHHTHHX CH¬ 
CTeM paccMOTpeHbí Ha npnMepe peAe KAanaHHor& 
THna. 
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'Pejie Kjianamioro THna. npeanoaaraeM, hto 
ř Bce MarHHTHoe conpoTHBaeHHe MarHHTonpoBoaa 
CHCTeMu cocpeaoToqeHO b B03ayuiH0M 3a3ope, 
HMei-omeM npn HopMaabHoň paóoTe aaHHy l. 

CHJia npHTHHCeHHH BKOpa F B 3 aBHCHMOCTH 
ot BejiHHHHH ero xoafr l it H3MepaeMoro ot Haqaab- 
Horo noaoaceHHa Ha ochob3hhh (II, 8), npHHHMaa 
BO BHHMaHHe, HTO MarHHTHafl HHayKUHfl B npflMO 
nponopuHOHa^bHa TOKy i b oĎMOTKe aaeKTpo- 
MarHHTa h o6paTHO nponopuHOHaabHa conpoTHB- 
vi6hhk) B03ayraHoro 3a3opa h^h ero a-iHHe l — l lt 
BbIp33HTCa COOTHOIlieHHeM - . 


JXn a oóecneaeHHH aeňcTBHa peae HeoóxoaHMO, 
hto6m Ha BceM nyTH anopa ot H ao K CH.ua 
npHTHHCeHHH HKOpH F' 6bb/ia 6o./Ibme CH-TCbl npOTHBO- 
aeficTByiomero ycTpoficTBa F np (cqnTaa ycaoBHO 
naeqH ch.tc, onpeaeaaiomHe BpamaiomHe MOMeHTbi, 

O^HHaKOBblMH): 

F>F np . (11,11) 

MHHHMajIbHaH BeJIHHHHa i B OĎMOTKe, npH 
KOTopoň coóaioaaeTCH ycaoBHe (II, 11), Ha3biBaeT- 
ca tokom TporaHHH p e a e ip. m . Ha 4> Hr - 
11,16 eMy cooTBeTCTByeT KpiiBaa 1. 

JXmi B03BpameHHH peae b HaqaabHoe noao- 
HteHHe ^HeOĎXOflHMO yMeHbUIHTb CH^y npHTHxce- 
HHH F" AO TaKOfl Be^HHHHbl, HTOĎbl Ha BCeM 
nyTH HKopa ot K ao Fl OHa 6biaa 



MeHbrne CH^ibi npoTHBOAeflcTBywmero 
ycTpoftcTBa F np : 

F'<F„ p . (11,12) 

MaKCHMaabHaa Beanaraa i, npa ko- 
Topoň co6aioaaeTca ycaoBHe (11,12), 
Ha3usaeTCH tokom B03BpaTa i p . a 
h Ha (})Hr. 11,16 eMy cooTBeTCTByeT 
KpHB3H 2. 

OpflHHaTbl KpHBblX CHa npHTHHCeHHH 

F h F', cooTBeTCTByjomHe onpeaeaeH- 
HOMy 3HaqeHHio xoaa HKopa, coraacHo 
(11,9) nponopuHoaa^bHbí KBaapaTaM to- 
kob b ofiMOTKe peae,- t. e. KBaapaTy 
TOKa TporaHHH h B03BpaTa. Kax bha- 
ho H3 AHarpaMMH, b paccMaTpHBaeMoft 
KOHCTpyKUHH BeaHBHHa Íp. m aOajKHa 


<J>KI\ 11 , 16 . 3 aBHCHMOCTb CHJIW npH- 
TH>KeHHH HKOpH H CHJIbl IipOTHBO- 

^eňcTByiouxeH npyjKHHM ot xoaa 

HKOpH. 


<í>Hr. 11 , 17 . 3aBHCHMOCTb TOKa B03- 
Bpara sjíeKTpOAťarHHTHbix chctcm 
OT THCTepe3HCa. 


3HaqHTe^bHO npeBocxo^HTb i p . *, t. e. 
k a 6yaeT OTHocHTe^ibHo Maa. 

l p.m 

Sto HB^HeTCH CymeCTBeHHHM HeflO- 


HKOpb o6uqHo CHačacaeTCH npoTHBoaeůCT- 
syiomeň npyacHHoň 2, CTpeMameňca yaepacaTb 
-ero b HaqajibHOM noaoaceHHH; aaa 9Toro npyacHHe 
npHaaeTca nyfeM pacTaxceHHa Ha aaHHy l 0 HeKO- 
Topoe HaqajibHoe HaTaaceHHe F„ p .„ aH . 

Cnaa ofiwKHOBeHHOň npyxcHHM b npe^e^ax Tex 
pacTHHceHHit, KOTopue eň npH^aiOT b KOHCTpyK- 
Hhhx pe^e, MOHceT 6uTb npHHHTa nponopuHOHa^b- 
HOfl Be^inqHHe pacTHHceHHH. nosTOMy npn xo^e 
HKopa 

Fnp~K (4 + lí)—Fnp. HaH + k 3 (11,10) 

BbíHCHeHHH ycjiOBHň paĎOTM pejie K^anaH- 
'Horo THna Ha <j)Hr. 11,16 b npaMoyro^bHoň ch- 
CTeMe oceň KoopAHHaT nocTpoeHu 33bhchmocth 
F (II, 9) h F„ p (II, 10) b <J)yHKU,HH xo^a HKopa l x 
ot Haqa^ibHoro no^oaceHHH, o6o3HaqeHHoro Ha 
och ačcuHcc ToqKOň H flo KOHeuHoro no^ojKe- 


CT3TKOM AaHHOň KOHCTpyKIÍHU, 

KaK.c^eAyeT H3 (j)Hr. 11,16, BejinqHHa k e 3a- 
BHCHT OT 3aKOHa H3MeHeHHH F np npH paCTHJKeHHH 
npyacHHH. IloaTOMy, Bbino^HBH npoTHBOAeňcTBy- 
mee ycTpoňCTBo TaK, htočm F np H3MeH8jiacb npn 
paóoTe pe^e noAOĎHO F, mohcho y^yqniHTb k e 
pe^e. 

C ue^bio y^yquieHHH k„ K^anaHHue pe^e bh- 
no^HHioT Tax, qTOĎbi HKopb npn ASňCTBHH pe^e 
He Mor npHKocHyTbca k no^ioCHOMy HaKOHeqHHKy, 
hto AOCTHraeTca ycTaHOBKoň cneuHa^bHbix ynop- 

HblX UITHI^TOB HJIH npOK^a^OK H3 HeMarHHTHOrO 
MaTepna^ia. 

Ha paóoTy sjíeKTpoMarHHTHbix pe^e, nHTaeMux 
nOCTOHHHblM H nepeMeHHHM TOKOM, OK33MBaeT 
BJIHHHHe rHCTepe3HC. 

Hpeano^OHCHM, hto cep.aeqHHK a^eKTpoMar- 
hht3 nocTOHHHoro TOKa He o6.zia.aa.rc ocTaToqHHM 


hhh, cooTBeTCTByiomero ToqKe K . npn nocTOHH- MarHeTH3MOM, t. e. npH Tone, paBHOM Hy^ro, He 
hoh Be^iHHHHe i b oóMOTKe ajieKTppMarHHTa F HMe^i MarHHTHOň HHayKUHii B. Toraa npn yBean- 
H3MeHaeTCH no 3aKOHy KpHBOň TpeTbero nopaa* qeHHH TOKa ot Hyjia ao i pm ax , Ďo^binero qeM 
na, a F ap — no npHMoaHHeňHOMy 3aKOHy. i p . m , HHayKUHH oKaaceTca B03pacTaiomeň no Kpa- 
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Boft B' ($Hr. 11,17) ao 3HaqeHHH B max , čoAbmero, 
qeM HH^yKuaa Tporamifl B p . m . 

,Z1ah B03BpameHHH HKopa peAe b ncxoAHoe 
nOJIOEteHHe HHAyKUHH AOAJKHa yMeHbmHTbCH ao 
3 HaaeHHa B p . s , aah aero tok b očmotkc peAe 

AOAHteH CHH3HTbCH OT 3H3HeHHH Í p max AO BfiJIímHHbl 

lp. 8 • 

Ecíh 6h MarHHTonpoBOA He oČAaAaA rncTe- 
pe 3 HCOM, to npH yMeHbiueHHH TOKa B cHHacaAacb 
6bi no Toň Ke KpHBOft B' h aah HAeaabHoro peAe, 
HMeromero B p . m =B p . e , i P .« OKa3aACH 6 h paBHbrn 
ip. m . npn HaAHMHH rHcrepe3Hca B cmmaeTca no 
KpnBoťi B" , HMeronjeň HecKOAbKo ÓoAbnme opAH- 
HaTbi. B 3tom cAynae B p . e cooTBSTCTByeT i p . e , 
MeHbmeMy, qeM i p . m . 

B CBH3H C 3THM H k e , npHMO HpOnopUHOHaAb- 
Hbiň ip.e, 3a caeT rncTepe3Hca noHnacaeTca. 

Ha k e OKa 3 biBaíOT Taxace BAHHHHe TpeHne b 
noABHHCHbix qacTHX peAe (HanpHMep, b noArann- 
ňHKax aKopa 4>nr. II, 12) h HeočxoAHMOCTb C03- 
AaHHfl AOCTaToqHUX HaacaTHň b KOHTaKTHbix cncTe- 
nax aah o6ecneqeHHH nx HaAeacHoň pačoTbi. 

Ilpn AeflCTBHH peAe chám TpeHna npenaT- 

CTByiOT ABHHCeHHK) HKOpH B CTOpOHy 33MbIKaHHH 
KOHT3KTOB h B03Bpau(6HHK> ero B HaqaAbHoe nOAO- 

xceHHe. IlosTOMy c B 03 pacTaHHeM TpeHHa yBeAH- 
qHBaeTca i p . m h yMeHbmaeTca i p . e , t. e. yMeHb- 
uiaeTca k e . 

BAHaHHe yBeAHqeHHH HaauTHH Ha koht3kth 
peAe cKa3MBaeTca Ha k e TaKHM ace o6pa30M. ^J,Aa 
očecneqeHHH TpeóyeMoro HaaoTHH npn i p . m pa3- 
HOCTb AeftcTByiomero h npoTHBOAeftCTByioinero 
MOMeHTOB npH ABHHteHHH HKOpH AOAHÍHa yBeAH- 
HHBaTbCfl. JXjia OTXOAa HKOpa TOK HeOÓXOAHMO co- 
OTBeTCTBeHHO noHHHcaTb, npHqeM BHaqaAe yMeHb- 
UiaeTCH TOAbKO BeAHHHHa HaataTHH, KOHTaKTM HC'e 
peAe, xoth h c MeHbineň HaAe>KH 0 CTbK), 6yAyT 
npoAOAHtaTb AepacaTb uenb 3aMKHyToft. B pe3yAb- 
TaTe noBMUieHHH HaataTHH k e yxyAmaeTca. 

KaK 6 hao yKa 3 aHO Bbíme, sAeKTpoMarHHTHbie 
CHCTeMH (b qacTHOCTH KAanaHHbie) MoryT pa6o- 
TaTb Ha nepeMeHHOM h Ha nocTOHHHOM Tone. Oah3* 
ko hx AeňcTBHe Ha nepeMeHHOM TOKe xapaKTe- 
pH3yeTca HeKOTopHMH cneuH4>HqecKHMH ocódeH- 
HOCTHMH, paCCMOTpeHHUMH HHHte. , 

MrHOBeHHoe 3HaqeHne chám npHTaaceHHH f 
HKOpa 3AeKTpOMarHHTOM COrAaCH^ (11,9), npHHH- 
Maa BO BHHM3HH6 H3M6H6HHe i no CHHyCOHA3Ab- 
HOMy 3aKOHy, HMeeT BHpaaceHHe 

f= k ^W s= O. 5 -(^r(l-cos2»0. (11,13) 

TaKHM o6pa30M BCAHHHHa / nyAbcapyeT c 
yABoeHHoň aacTOTOň nepeMeHHoro TOKa <■>> H3MeHH- 
HCb OT HyAH AO M3KCHM3AbHOrO 3 HaqeHHH, paBHOTO 
kop 

2 m . B COOTBeTCTBHH C Heft MOHteT KOAC- 
(. 1 - 1 1) 2 


daTbca h HKopb CHCTeMH, AaBaa nyAbcnpyiomee 
ycHAHe Ha KOHTaKTM, hto bcact k hx o 6 ropaHHio 
H BHÓpaUHH KOHCTpyKHHH. 

,Hah noAyqeHHa 6oAee nocToaHHoft no BeAH- 
qHHe chah npHTHHceHHH co3AaioT, HanpHMep, ABa 
M3THHTHMX nOTOKa, CABHHyTblX npOCTp3HCTBeHHO 
h no (J)a3e. í(ah stoto pacmenAaioT noAioc 3AeK- 
TpoMarHHTa Ha ABe qacTH (4)Hr. II, 18) h HacaatH- 
B3IOT Ha OAHy H3 HHX K0p0TK03aMKHyTHft BHTOK, 
BbinoAHaeMHft očmhho b bhac MeAHoro KOAbua. 




4 

<t>Hr. 11,19. BeKTopHan AHarpaMMa ajih saeKTpoMarHHiHoň 

CHCTeMH C KOpOTKOSaMKHyTblH BHTKOM. 

,Hah onpeAeAeHHH cooTHomeHHft MeacAy pe- 
3yAbTHpyjOIUHMH nOTOK3MH H , BHX0A3- 

ntHMH COOTBeTCTBeHHO H3 3Kp3HHp0BaHH0ft (BHT- 
kom) h HesKpaHHpOBaHHoft qacTeft noAioca 3AeK- 
TpÓMarHHTa, ctpohm BeKTopHyio AnarpaMMy, npH- 
HHMaa 3a HCXOAHHň BeKTOp ((J)Hr. II, 19). • 

3>A HaBOAHT B KOAbUe 3. A. C. E K , KOTOpaa 
npn npHHHTOM aah Hee noAoacHTeAbHOM HanpaB- 
AeHHH, onpeAeAeHHOM no npaBHAy uiTonopa, ot- 
CTaeT ot <řAno <i)a3e Ha yroA b 90°. SAeKTpo- 
ABHHcymaa CHAa E K oSycAOBAHBaeT b KOAbue tok I k , 

KOTOpblň npH npHHHTOM AAH HerO nOAOHCH- 
TeAbHOM HanpaBAeHHH, coBnaAaiomeM c 3. a. c., 
OTCTaeT ot nocAeAHeft Ha HeóoAbinoft yroA 
BeAnqHHa yrAa V* onpeAeAaeTca cooTHomeHHeM 
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Me*Ay peaKTHBHHM conpoTHBaeHHeM pacceaHHa 
KOJibua x K h ero aKTHBHbíM conpoTHBaeHHeM r K : 

V* = arctg^-. (11,14) 

r K 

Yron HMeeT Heóoabmyio BeaHHHHy, TaK KaK 

X K BHTKa OTHOCHTeabHO MaaO. 

Tok b KOJibue I K oóycaoBaHBaeT noTOK ko- 
Topbiň npn npHHBTOM aah Hero noaoxcHTeabHOM 
HanpaBaeHHH, onpeAeaeHHOM no npaBnay hito- 
nopa, OTCTaeT ot TOKa Ha Heóoabinoň yroa Y» 
onpeAeaaeMuft noTepaMH Ha rHCTepe3HC a tokh 
0yno b MarHHTonpoBOAe (aah ynpomeHHa npHHHT 
paBHbíM Hyaio). 



4>Hr. 11,20. 3aBHCHM0CTb MTHOBeHHblX CHS npHTflXeHHS OT 
BpeMCHH CHCT6MU KJianaHHOro Tuna C K0p0TK03aMKHyTbIM 
BHTKOM. 


rioTOK Koabua 0« HBaaeTca HacTBio pe3yab- 
THpyromero noTOKa 0 a, BbixoAamero H3 9Kpa- 
HHpOB3HHOň MaCfH nOAJOCa. riOSTOMy, BblHHTaa 
H3 noTOKa $ A noTOK 0 K , noayaHM tot noTOK 
0^, KOTOpblfl BblXOAHA ÓU H3 AaHHOft HaCTH nO- 
aioca npH oTcyTCTBHH Ha Heň Koabixa. OneBHAHO, 
•ito 9TOT noTOK nponopiwoHaaeH nOTOKy 0 b» 
BHXOAHJIjeMy H3 He3KpaHHpOB3HHOň qaCTH noaio* 
ca, h coBnaaaeT npHMepHo c hhm no 4>a3e (npeHe- 
6peraa aacTbio noTOKa Koabua, 3aMbiKaiomeflca 
qepe3 HeaKpaHHpoBaHHbifl kohcu noaioca). 

H 3 AaarpaMMH caeAyeT, hto HacaAKa Ha nacTb 
noaioca ajieKTpoMarHHTa KopoTK033MKHyToro 
BHTKa itaeT B03M0ACH0CTb nOAyHHTb ABa noTOKa 
0 'a H 0B, CABHHyTHX npOCTpaHCTBEHHO H Ha yroa 
f no <pa3e. 

MrHOBeHHaa cnaa npHTaaceHHa f pe3 coctoht 
aah paccMaTpHBaeMoro cayqaa H3 AByx caaraeMHx 
/a H/B,o6yCAOBAeHHbIX COOTBeTCTBeHHO nOTOK3MH 
0 a h npHHHMaa bo BHHMaHne (11,8) 

tpes ~ f A +/b — K Sin 2 <0Í + 

H-*,0*b sin 2 K+<P). (11,15) 


H3 (11,15) h <jmr. 11,20, npeACTaBaaiomeň rpa- 
4>HqecKyio 3aBHCHM0CTb cha /a, /b h f pe3 ot Bpe- 
m6hh t, caeayeT, mto npn yraax <p, 6 ah3khx k 
90°, h npnMepHOM paBeHCTBe noroKOB 0 a h 0b 
pe3yflbTHpyK)maa cíuiaf pe3 no bpcmchh H3MeHaeT* 
ca He3HaaHTe^bHO. 3 to h TpeĎyeTca jij la Ha^exc* 
Hoň paóoTW KOHCTpyKnHH Ha nepeMeHHOM TOKe* 

Peae c noBopOTHbíM aKOpeM, coaeHOHAHbie 
h ĎpoHeBbie. SBeKTpoMarHHTHue CHCTeMbt c no- 
bopothum aKOpeM ((pnr. II, 13a h 6) aaioT bo3moxc- 
HOCTb Hcno^ib30BaTb 3HaaHTeBbHo ĎoabuiHe yrau 
noBopoTa HKOpa no cpaBHeHHio c KaanaHHbíM th- 
noM npH Tex xce k e 3a caeT 6oaee paBHOMepHO- 
ro yfeeAHaeHHa chám npHTHaceHHH npn yMeHbine- 
hhh B03AyuiHcro 3asopa h noayqaiomerocH npH 
9T0M ĎOAbUierO COOTBeTCTBHH ee CHAe npOTHBO- 

AefiCTByiomero ycTpoňCTBa 

Oco6o xopouiHX pesy^bTaTOB AOÓHJiHCb npn 
BHnOAHeHHH BKOpa B BHA6 3eTOSpa3HOrO H30THy- 
Toro CTa^bHoro BHCTa, Hacbímaiomeroca yxce npn 
HeóoJibmHx 3HaaeHHax tokob b oďmotkc a^ieKTpo- 
MarHHTa (<J)Hr. II, 136). yKa3aHHuň ran pe^e 
oóAaAaeT Taxace Ma^iuM coĎCTBeHHbíM nOTpeĎBe- 
HneM MOniHOCTH (nopa^Ka 0,1 VA) h 3a caeT 
óbicTporo HacbímeHHa chctcmw BbicoKoň MexaHH- 
qeCKOŮ yCTOňMHBOCTbJO no OTHOUieHHIO K TOKaM 
KopOTKoro 3aMUK3HHa. riosTOMy oh HiHpoKO npH- 
MeHaeTca aah ocymecTB^eHHa pe^e MaKCHMaAb- 
Horo Tona. 

CoBeHOHAHbiň THn CHCTeMU (<j)Hr. II, 14) xapaK- 
TepH3yeTca b onpeAeAeHHOM AHana30He xoAa 
HKOpa CpaBHHTeAbHO HeĎOAbmHM H3MeHeHHeM CH- 
Abl npHTHHCeHHa 3a CaeT OTcyTCTBHH 33MKHyT0r0 
CTa^bHoro MarHHTonpoBOAa. O^HaKO noTpeĎ^ae- 
Maa cHCTeMoň MouiHOCTb, HeoĎxoAHMaa zua 
C03AaHHH cooTBeTCTByionieň chau npHTaaceHHa, 
B BHAy OTCyTCTBHa 33MKHyTOrO MaTHHTOnpo- 
BOAa BecbMa 3HaqHTenbHa. flosTOMy coJieHOHA- 
Hbiň THn 9AeKTpoMarHHTHUx CHCTeM npHMeHaeTCa 
TOAbKo A-aa BcnoMo/aTeAbHHx pe^e (HanpHMep, 
pe^e BpeMeHH), paóoTaiomHx ot cnennaAbHMx hc- 
TOHHHKOB OnepaTHBHOTO TOKa yCT3HOBKH. 

BpoHeBOň THn CHCTeMbi ((pnr. 11,15) xapaKTe- 
pH3yeTCa CHAbHblM H3MeH6HHeM CHAbl npHTaxceHHH 
B 33BHCHMOCTH OT XOAa BKOpa H n09T0M>' HMeeT, 
KaK H KAanaHHblfl THn, OTHOCHTeAbHO nAOXOň k 3 . 

PeryAHpoBaHHe i p . m sjíeKTpoMarHHTHMx peae 
TOKa. Peae MaKCHMaabHoro TOKa AoaxcHbí Bbinoa- 
HaTbca TaK, htoču hx i p . m mojkho óbiao b onpe- 
AeaeHHbix npeaeaax peryaHpOBaTb, ycTaHaBaHBaa 
ero B COOTBeTCTBHH C BeAHHHHOň MaKCHMaabHOrO 
TOKa Harpy3KH (cm. II, 4). • 

npHMeHsioTCH CAeAyiomHe ocHOBHHe cnocodbi 
peryanpoBaHHa: 

1) H3ueeeHHeu qncaa bhtkob oó- 
motkh aaeKTpoMarHHTa; cnaa npHTaxce- 
HHH HKOpa 9aeKTp0MarHHT0M npH OTcyTCTBHH 
HacbiiiieHHa nocaeAHero nponopaHOHaabHa KBaA- 
paTy HHcna aMnepBHTKOB ero očmotkh (II, 8),. 
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rafc KaK HH^yKUHH nponopuHOHaAbHa aMnepBHT- 
Kaiu; noaTOMy, HanpHMep, yMeHbineHHH i p . m 
b n pa3 c^ieayeT HHC.no bhtkob oďmotkh yBeAH- 
qHTb Toace b n pa?, hto6h cHAa npHTaaceHHH, 
HeoóxojiHMaa ;mh paóoTu KOHCTpyKUHH, ocTajiacb 
HeH3MeHHO0J 

2) H3MeHeHHeM HaqajibHoft chám Ha- 
TaHceHHH npoTHBOfleňCTByiomero ycTpoňCTBa; 

3) H3M6H6HHCM HaqajIbHOft B e A H H H- 
HbiB03iiyiuHoro 3a3opa; cana npHTaaceHHH 
HKopa sjíeKTpoMarHHTOM npHuepHO oópaTHO npo- 
nopuHOHa^ibHa KBaupaTy a-íhhu B03ayuiHoro 3asopa 
(11,9), noaTOMy, HanpHMep, aah yMeHbraeHHa i p . m 
c.ne,ziyeT cooTBeTCTBeHHo yMeHbuiHTb AAHHy B 03 - 
uyniHoro 3a3opa, htoóh cana npHTHHceHHa, Héod- 
xoAHMaa rasi paóoTbi KOHCTpyKUHH, ocTa^acb 

HeH3MeHH0ň. 

PaccMOTpeHHbiň s^eKTpoMarHHTHH® npHHunn 
aaeT B03M0*H0CTb ocymecTBAHTb pe./ie, AOCTa- 
tohho npocTue h HaAeacHue no CBoeMy KOHCTpyx- 
THBHOMy BUnOflHeHHIO, paSOTaiOUíHe Ha nOCTOHH- 
hom h nepeMeHHOM Tone. 

3th pe^e npn Bbióope Hajyiewameft ia hhx 
KOHCT pyKUHH MoryT oéecnevHTb xopomnfí k e , 
HeodxOAUMyiO TOHHOCTb, 6^H3KHe K Hy^IK) HHep- 
UHOHHbie oihh6kh, ĎwcTpbiň B03BpaT b Haqanb- 
Hoe nonoaceHHe nocAe aeůCTBHH, npaKTnqecKH 
nO^IHyíO He33BHCHM0CTb XapaKTepHCTHK OT (pOpMbl 
KpHBoň TOKa h OKpyacaioiueft TeMnepaTypbi h 
aeQo^bniyio noTpefí^aeMyio MomHOCTb. 

Pe^e no npHHunny paĎOTbi hbahiotch mtho- 
BeHHoaeňCTByiouxHMH. rtosTOMy noJiyqeHHa 

BbiuepaceK BpeMeHH b 6oAbmHHCTBe CAyqaeB 
npHMeHHlOT KOMÓHHHpOBaHHUe ycTpoňCTBa, B KOTO- 
pux MTHOBeHHoe nycKOBoe pe^e TOKa a^eKTpn- 
qecKH coneTaeTca co BTOpuM BcnoMoraTe^bHHM 
sjíeKTpoMarHHTHbíM pe^e, CHaóaceHHWM qacoBbíM 
MexaHH3M0M HJIH ApyTHM yCTp0ŮCTB0M,C03UaJ0EUHM 

HeoóxoAHMyio BbmepacKy BpeMeHH (<j)Hr. 11,21). 
Ooc^euHee Ha3HBaeTca p e a e BpeMeHH. 

no yKa3aHHbiM npnqHHaM a^eKpoMarHHTHbiň 
npHHUHn uinpoKO npHMeHHeTCH ajih ocymecTB^e- 
hhh pe^e MaKCHMajibHoro TOKa MrHOBeHaoro 
ueňcTBHa, pe^e BpeMeHH, pa6oTaiomHX Ha nocTOHH- 
hom onepaTHBHOM Tone, h paua upyrnx pe^e. 

6. PEJIE MAKCHMAJIbHOrO TOKA 
THÍ1A 9T-60 3ABOAA X9M3 

CxeMaTHnecKHň bha pe.ne noKa3aH Ha (fmr. II, 22. 

Pe^e ocHOBaHO Ha sjíeKTpOMarHHTHOM npHH- 
UHne h Bbino/iHeHO c noBopoTHbíM HKOpeM. Mar- 
HHTHaa CHCTeMa pene coctoht H3 cepuenHHKa /, 
HaópaHHoro H3 ahctoboíí ct3ah, Me>Kuy noAio- 
caMH KOToporo noMemeH JierKHň Z-o6pa3HbiS 
CTaAbHofl axopb 2. OĎMOTKa pe^e pa3ÓHTa Ha 
ABe HaCTH C BblBeACHHblMH Hapy*y KOHUaMH, 
paCnOAOHCeHHblMH COOTBeTCTBeHHO Ha BepXHeM H 
HHKHeM nonrocax MarHHTHoň cncTeMu. Ha och 
anopa yupeanenbi: npoTHBOAeficTByromaa npyacH- 


Ha 3, KOHTaKTHblň MOCTHK 4, H30^IHp0B3HHblft Ha 
och, h nopmeHb ueMn<t>epa 9. HenouBHHtHHe 
K0HT3KTH, 3aMUI<aeMbie MOCTHKOM 4 , BHnOAHeHM 
b BHue AByx MeTaAAHnecKHX uyroo6pa3Hbix npy- 
hchh 5 h 6. fleMncpep 9 npeucTaBAaeT coóoft 
CTeKAHHHyio H3orHyTyio TpyóKy, HanonHeHHyio 
KOCTaHbíM MacAOM, BHyTpu KOTopofl nepeMemaeTCH 
nopmeHb. AeMnípep c^yacHT aah ycTpaHeHna bh- 
ópauHH KOHT3KTOB npH cpaóaTbiBaHHH pe^e. ^Ke- 
Ae30 HKopa HacwuíaeTca y*e npn cpaBHHTeAbHo 
HeóOAbmnx 3HaneHHax tokob. 3to orpaHHHHBaeT 



moka 

4>ar. II, 21. Co3JiaHHe He3aBiicnMoíi xapaKTepncTHKH nocpea- 
ctbom MmoBeHHoro sjíeKTpoManiHTHoro peae TOKa a, jteň 
CTByiomero na BcnoMoraTeabHoe saeKTpoMarHHTHoe peae 
BpeMeHH 6 nocpeacTBOM nonami Ha Hero HanpaHceHHH ot 
HCTOHHHK a onepaTHBHoro TOKa. 
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MexaHHnecKHe ycujma, ueřtcTByromne na nouBHHC- 
Hyio CHCTeMy pe^e, npeuoxpaHHa ero ot pa3pe- 
ryjinpoBKH h MexaHHnecKHX noBpeacAeHHň. 

npH AOCTHHCeHHH TOKOM B OČMOTKe peJie , 
BeJlHHHHbl, paBHOň HAH ÓOAbmeň ip.m , CHna, npH- 

THrHBaiomaH anopb k noArocaM, npeouoAeBaeT 
conpoTHBJíeHHe npyacHHH h TpeHne, aKopb noBO- 
paaHBaeTca h 3aMbiKaeT KOHTaKTbi pe^e. JXnn orpa- 
HHueHHH xoAa aKopa CAyacHT orpaHHHHTeAb 10. 
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ripH yMeHbllieHHH TOKa AO BeJIHqHHbl, paBHOfl HAH 
MeHbiuefi ip.e , auia npyacHHbí npeoAOAeBaeT CH-ny 
npHTflHCeHHH H ŤpeHHe H flKOpb peAe B 03 Bpa- 
maeTca b HcxoAHoe noAoaceHHe. 

Pery^iHpOBaHHe i p . m (b ABa pa3a) npOH3BOAHT- 
Cfl H3M6H6HH6M HaqaAbHoro HaTÍDKeHHH npyxdHHH 3 , 
ocymecTBaBeMoro pbmaxcKOM yKa3aTeaa 7 , 
b cooTBeTCTBUH co uiKajioň 8, OTrpaayHpoBaHHoň 
b aMnepax i p . m . riepeKAioqaH ABe noAOBHHbí 06 - 
motkh c nocaeaoBaTeabHoro coeAHHeHHH Ha na- 
pajuiejibHoe, mojkho yBeAHHHTb i p . m eme b ABa 
pa 3 a. B pe 3 yabTaTe i p . m mohcho peryAHpoBaTb b 
npeAeaax othouichhh 1:4, t. e. 

1 p. m max _ ^ 
l p.m min 

Peae BbinoaHHioTCfl c 3aMbiKaiomHM koht3ktom 
(thii 3T-61), pa3MbiKaiomHM koht3ktom (thii 3T-62) 
h nepeKaioqaiomHMca koht3ktom (thii 3T-63). 
Hančoaee qyBCTBHTeabHue peae hmciot i P . m m\n~ 
^0,05A; ip t fn max = 100 — 200 A. 

ÓCHOBHblMH AOCTOHHCTBaMH peAe HBAHIOTCH: 

1) oqeHb Maaaa noTpeOaaeMaa MomHOCTb, 

nopa^Ka 0,1 VA; 

2) xopouiHň k e , nopa^xa 0,85; npH TmaTeAb- 
hom peryjiHpoBaHHH MoaceT 6biTb noBbiuieH ao 
0,9 h flaace HecKOJibKo čoabuie; 

3) HeGo/ibuioe coócTBeHHoe BpeMa AeňCTBHH, 
cocTaBaaiomee aah 3aMbiKaiomHX KOHTaKTOB npH 
TOKe, p3BHOM 2 ip.m, BeAHHHHy 0,02—0,03 cex. 

Ochobhhm He^ocTaTKOM peAe aBJíaerca HeAo- 
CTaTOMHO HaAeacHo paóoTaiomaa npH Toxax, 6ah3- 
KHX K ip.m, KOHT3KTHaa CHCT6M3. OHa TaKHie 

HMeeT HečoAbiuyio MomHOCTb (tok 3aMbiKaHHa 
5 A npa HanpaaceHHH, He ĎOAbuieM 220 V, moih- 
HOCTb pa3MbiKaHHa npH nocToaHHOM TOKe 50 W), 
mto b pa^e CAyaaeB o 6 ycAOBAHBaeT HeoĎxoAH- 
MOCTb ycTaHOBKH cneiiHaAbHbix BbixouHbix npo- 
MeacyToaHbix pejie aah AeňcTBaa Ha OTKJiioqaiowHe 
KaTyinKH BUKAioqaTeAeň. 

7. BCnOMOrATEJIbHblE PEJ1E X3M3 

Pejie BpeMeHH THna 3B-180 X3M3. CxeMaTH- 
aeCKHů bha pe^e noKa3aH Ha <f> Hr - II, 23. Peae 
ocHOBaHO Ha aaeKTpoMarHHTHOM npHHUHne. npH 
noflane HanpaweHHa ot HCTOHHHKa nocToaHHoro 
TOKa Ha oĎMOTKy 7 BTarHBaeT.ca anopb, npeoAO- 
jieBaa AeňcTBHe npywHHH 2, h nocpeACTBOM 3y6- 
qaTofl nepeAaqn noBopaaHBaeT Koaeco c yKpen- 
jieHHbíM Ha HeM hoboakom 3 . 3tot noBoaoK 
33BOAHT npyacHHy 4aacoBoro MexaHH3Ma. MacoBOfl 
MexaHH3M COCTOHT H3 HieCTepeHOK, MaaTHHKa 5, 
KOAeĎaHHH KOTOpOTO 3aMeAAHIOT, peryAHpyiOT 
paĎOTy MexaHH3Ma, h xpanoBHKa 6. 

Peae HMeeT TpH KOHTaKTa: oahh — TaK Ha3bi- 
BaeMUň MrHOBeHHblft, BTOpOŮ „CKOAb3aHIHň* H 
TpeTHň c ynopoM Ha och aacoBoro MexaHH3Ma 
HMeeTca rao^irmHOHHaa BTyAKa c KyAaHKOM 8 h 
yKpeníiCHiibíMH Ha Heň npyacHHamHMH KOHTaKTa- 
mh 11. flpH pačoTe peae KyfianoK 8 otxoaht BnpaBO, 
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AaBaa B03M0)KH0CTb 3aMKHyTbca MrHOBeHHbíM koh- 
TaKTaM 9 — 10 , ocymecTBAaiomHM BHAepxcKy Bpe¬ 
MeHH nopHAKa 0,1 cen. npa AaAbHeňuieň paóoTe 
MeX3HH3Ma nOABHHCHOň KOHT3KT 11 3aMbIKaeTCH 
CO IHTH(J)TOM 12 , npeACTaBAHIOUIHM COĎOň CKOAb- 
3flIHHň KOHT3KT, HaXOAaiHHňCH B 33MKHyTOM COCTO- 

aHHH OKOAO 0,3 —0,4 cen. ripoAO^Hcaa paóoiaTb, 
peAe pa3MbiKaeT CKOAb3auiHft koht3KT h 3aMbiKaeT 
TpeTHň KOHTaKT (ujth(})t B), HMeiouiHfl ynop^orpa- 
HHHHBaiOmHŮ XOA nOABHJKHOrO KOHTaKTa 11 . 



<Pnr. 11,23. CxeMaTHiecKHS bha peae BpeMeHH inna 3B-180 1 
X3M3. 

npH npeKpameHHH TOKa b oďmotkc 1 pe.ie 
aKopb B03Bpamaerca noA AeňCTBneM npyacHHbí 2 
b HcxoAHoe noAoaceHHe. ripn btom Bce KOHTaKTbi 
ČHCTpo pa3MbiKaiOTCa, TaK KaK ocb qacoBoro 
MexaHH3Ma c yKpenAeHHuMH Ha Heň KyjianKOM 8 
H HOABHHCHblM KOHT3KTOM 11 npH nOAIOlUH IlO- 
boakob 3 h 7 TaKHce 3aHHMaeT hcxoahoc no^o- 

HCeHHe. BuCTpblň B03BpaT OCH MaCOBOrO MexaHH3M3 



0K33HBaeTCH B03M0HCHUM 6;iarOAap9 XpanOBHKy 6 , 
OTCoeaHHBiomeMy ee npn odpaTHOM xoAe ot Me- 
X3HH3M3 C M3HTHHKOM 5. nOAOHCHTeAbHHft 3a- 
MCHM (-(-) HCTOMHHKa OnepaTHBHOrO TOKa COeflH- 
HfleTCH C nOABHKHUM KOHT3KTOM «iepe3 TOKO- 

iioaboa 14. OĎMOTKa peae 1 uiyHTHpoBaHa 

KOH^eHcaTOpoM, coeflHHeHHbíM noc^eAOBaTe^bHO 
c aKTHBHHM conpoTHB^eHHeM. 3 to odAerqaeT 
padOTy KOHT3KTOB peAe, noAaiomHX HanpaaceHHe 
Ha očMOTKy 1 pejie BpeMeHH, yMeHbinaa Ha hhx 
HCKpoo6pa30BaHHe. 

MrHOBeHHHň KOHT3KT peryAHpOBaHHH BUAep- 
hckh BpeMeHH He HMeeT. 

PeryaHpoBaHHe BbiAepKKH BpeMeHH BToporo 
h TpeTbero koht3ktob ocymecTBAaeTca nepeMe- 
nieHHeM uith4>tob 12 h 13 no uiKaAe 15. tloJiy- 
aaiomHecH npeAeAbi peryAHpoBaHHa 0,25 — 4 cea. 
(pe.ae THnOB 3B-181 h 3B-186) hah 0,5—10 cen. 
(THnbi 3B-182 h 3B-187). PeAe TnnoB 3B-181 h 
3B-182 MrHOBeHHbix koht3ktob He hmckdt. PeAe 
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4>Hr. 11,24. CxeMa BKJiioqeHHfl peae BpeMeHH mna 3B-184, 
BhiaepKHBaiomero juiHTeabHoe BKJiioqeHHe noa nanpa:*eHne. 

BpeMeHH TnnoB 181 h 182 HMeioT doAbmyio 

MOIAHOCTb KOHT3KTOB (TOK 3aMbIK3HHH 10 A) H 
MOryT nosTOMy AeftCTBOBaTb HenocpeACTBeHHO 
Ha OTOjoaaioHiHe KaTyniKH BHKAiOHaTeAeŘ. PeAe 
BpeMeHH THnoB 186 h 187 hmciot He3HaHHTeAbHyK) 

MOmHOCTb KOHT3KTOB H nOSTOMy AOAHCHH AeftCTBO- 

BaTb Ha OTKJiKjaeHHe qepe3 cnennaAbHHe boiomo- 
raTe^bHbie npoMOKyTOHHHe peAe. ripoMeacyToa- 
Hoe peAe HeodxoAHMO TaKjxe aah (JwKCHpoBaHHa 
jeflCTBHa CKOAb3ainero KOHTaKTa peAe BpeMeHH, 

HMeiomero KpaTKOBpeMeHHoe 3aMbiKaHHe. 

OĎMOTKa peAe He paccHHTaHa Ha A-flHTeAbHHe 

TOKH. ri03T0My AAH CXeM, B KOTOpblX B03M05KHH 
MHTeabHue tokh aepe3 peAe BpeMeHH (HanpHMep, 
CHrHaaH3auHa neperpy30K, 3amHTa MHHHMaAbHoro 
Hanpa*eHHa), BbinycKaeTca MOAH<f>HKauHH peAe 
THna 3B-184. CxeMa bkajomchhh 9Toro peAe 
noKa3aHa Ha <j)Hr. 11,24. Ero odMOTKa TaKace 
paccHHTaHa Ha KpaTKOBpeMeHHbift tok, OAHaKO 
npn AeňcTBHH peAe nocAeAOBaTeAbHO c Heft 
BKJIJOHaeTCH noepeACTBOM MrHOBeHHOrO KOHTaKTa, 
BbinoAHeHHoro pa3MbiKaiomHM, AodaBoaHoe conpo* 
THB^eHHe 7, CHHHcaromee tok ao AonycTHMOft 
BeAHHHHbl. BeAHHHHa ACdaBOHHOrO COnpOTHBAeHHa 
noAdHpaeTca TaK, qTodn CHHaceHHHft tok c yaeTOM 
k„pene duA BCe ace AOCTaToaeH aah yAepacaHHH 
aKopa b cpadOTaBDieM noAOXceHHH. 


MoniHOCTb, noTpeóaaeMaa peAe THna 3B-180, 
cocTaBAaeT 40 W, HOMHHaAbHbie HanpaaceHHH — 24, 
48, 110 h 220 V. H3TOTOBAaeTca Taxace moahc})h- 
KanHB 9Toro peAe aah nepeMeHHoro onepaTHBHoro 
TOKa (thh 3B-200). 

OuiHÓKH BO BpeMeHH CpadaTUBaHHH 3 HaHH- 
TeAbHbl H AOXOAHT AO 0,15 CeK. 

K HeAOCTaTKaM peAe othochtch TaKHce He- 
AOCTaTOHHO TmareAbHoe H 3 roTOBAeHne h cdopKa 
OTAeAbHux aacTeň, hto npn cAadoft npyacHHe 
npHBOAHT B HeKOTOpbIX CAyqaHX K 3 aCTpeB 3 HHK> 
noABHKHbix aacTeft. 

npoMOKyTOHHbie peJie. npoMeacyTOHHue peAe 
CAyacaT aah odAerneHHH padoTH koht3Ktob Apy- 
thx peAe cxeMbi 3aiu,HTbi (HanpHMep, MaKCHMa^b- 
HHX TOKOBUX peAe BpeMeHH). OAH3KO KpOMe 
3toto ohh BbinoAHHioT b cxeMax 3auiHTbI paA 
Apyrnx <J)yHKUHň: pa3AeAeHne ueneft oTKAřoaeHHa, 
neneft onepaTHBHoro TOKa h ueneft HanpaaceHna 
OT H3MepHTeAbHHX TpaHC^OpMaTOpOB B CAOHíHbIX 


MazHumHdB 

cucmeMa KoHmakmHQR 



<í>nr. 11,25. ripoMejKyToqHoe pejie X3M3. 

m —T*na 311-231; 6 — ycjiOBHoe H3o6pa>KeHne npoMe»yTOMHoro pe^ie he 
npHMepe 311-231; e — mna 311-240; i — THna Pn. 

1 —MarHHTHaa chctcma; 2 — o 6 motk 3 ; 5 — HKopb; 4 — BOABHSKHbie koh- 
TaKTw; 5 — HenoABHHCHue KOHTaKTbi; 6 — TOKonojiBoa; 7 — npyxcHHa ; 
8 — peryjiipOBOMHoe ycipoflcTBo; 9 — KopoTK 03 HMKHyTbifl bhtok. 

cxeMax 3amHT h t.a. riosTOMy sth pe^e o6hhho 

BHnOAHHIOTCH C HeCKOAbKHMH napaMH KOHT3KTOB 
h AeftcTByioT 6e3 BHAep*KH BpeMeHH. X3M3 
BHnycKaeT HecKOAbKO THnoB npoMeacyTOHHHX 
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pejie, ocHOBaHHHx Ha ajieKTpoMarHHTHOM npHHunne 
{(({mr. II, 25 a, 6. b, r). 

Pe^e 311-231 (ťpnr. II, 25a) HMeeT qeTbipe 
napu nepeKjiioqaiomHX koht3Ktob (<pHr/ II, 256) 
c 6o./ibnioň MomHocTbro Ha 3aMUKaHHe (2200VA) 
h He6o^bHiofl Ha pa3MUKaHHe (70 W Ha hoctohh- 
HOM TOKe). CoÓCTBeHHOe BpeMH AeftCTBHH 0,03 — 
0,08 cex. Ha 3aMbiKaHHe h 0,02 — 0,04 ceK. Ha 
pa3MbiKaHHe. OdMOTKa pe^e paccqHTaHa Ha a^h- 
Te^bHoe BKjuoMeHHe nocTOHHHoro Tona. 3to — 
>oqeHb Ha^extHoe pe^e, OAHaKO, BecbMa rpoM03A- 
Koe, floporoe h od^ia^aiomee ajih HeKOTopux 
exeM H3JIHUlHe ÓO-lbUIHM Bp6M6H6M Cpa6aTbIB3HHH. 

Pe^ie 311-240 (ijmr. II, 25b) HMeioT OAHy napy 

&OHT3KTOB, DpH nOMOffiH KOTOpuX M02KHO B03- 
AeňcTBOBaTb Ha o^Hy hjih ABe nenn, HMeiomne 
oflHy odmyio TOHKy. MomHocTb 3aMbiKaHHH koh- 
TaKOB 1000VA, pa3MbIK3HHH 70W Ha nOCTOHHHOM 
TOKe. CoĎCTBeHHOe BpeMH AeflCTBHH OKOJIO 
0,04 ceK. Ha 3aMHKaHHe h 0,02 ceK. Ha pa3MUKa- 
Hne. Pe^e ctpohtch aah nocTOHHHoro h nepeMeH- 
Horo Toxa. 06motk3 paccqHTaHa Ha KpaTKOBpeMeH- 
Hoe BKJiioqeHHe TOKa. 

Pejie Pn (4>Hr II,25r) HMeeT «Be napa ho- 

pMaJlbHO pa30MKHyTHX KOHT3KTOB H OflHy HJIH 
ABe HOpMa^íbHO 33MKHyTbIX. MaKCHMa^IbHHft TOK 

3aMWKaHHH 15A. 06MOTKa pe./ie paccMHTaHa Ha 

AflHTeAbHbie TOKH. CoĎCTBeHHOe BpeMH AeňCTBHH 
nopaAKa 0,05 cex. Peae — KOMnaKTHoe, AemeBoe, 
OflHaKO ero HopMaAbHO 3aMKHyTbie KOHTaKTU hb- 

JIHIOTCH HeflOCTaTOHHO H3A6HCHbiMH. 

KpOMe nepeqHCJieHHux TnnoB X3M3 b no- 
c^eaHeeBpeMH BHnycKaeT KoaoBHe pe./ie THna 
311-400. OT^HHHTejibHbíMH ocoóeHHocTHMH pe.ne 
hbahiotch: doAbmoe KOAHqeCTBO KOHTaKTOB h 
Ma^ae radapHTU, oah3ko MomHocTb koht3Ktob 
9thx pe./ie HeĎOAbuiaa, h ohh He npnroAHbí aah 
aeflCTBHH Ha OTK^K>qaiontHe KaTyuiKH BbiKAioqa- 
Te^eň. 

8. HCnOJlb30BAHHE HHflyKllHOHHOrO IIPHHU.HnA 
AJlfl PEJ1E MAKCHMAJIbHOrO TOKA 

HHflyKUHOHHHMH Ha3bIB3lOTCH CHCTeMH, 
padoTaiomHe Ha npHHimne B3aHMOAeňcTBHH Meac- 
Ay nepeMeHHbíMH MarHHTHUMH noTOKaMH h TOKa- 
MH, HHAyKTHpOB3HHbIMH HMH B IlOflBHJKHOň qaCTH 
CHCTeMbl. 

IloaTOMy HHAyKUKOHHHe CHCTeMbl MoryT npn- 
MeHHTbca TOJibKO aah nepeMeHHoro TOKa. 

JIjih cos^aHHH Mgp , HHflyKHHOHHaa CHCTeMa 
AOAHCHa HMeTb MHHHMyM ABa MaTHHTHblX nOTOKa, 
CflBHHyTblX HpOCTpaHCTBeHHO H nO 4>a3e. npH 9T0M 
TOKH, HHflyKTHpyeMHe yK33aHHbIMH nOTOK3MH B 
noABHHCHOň qacTH chctcmh (AHCKe hah 6apa6aH- 
qnKe), co3AaroT M ep , B3aHMOAeňcTBya c tcmh H 3 

MaTHHTHHX nOTOKOB, KOTOpMM OHH He OÓH3aHbI 
CBOHM B03HHKHOBeHHeM. 

HHflyKnnoHHbie CHCTeMbl acahtch Ha ABa oc- 
hobhhx THna: 

1) c BpamaiomHMCH MarHHTHUM hoaCm (chctc* 


Ma 4>eppapHca), BbinoAHfleMbie KaK acHHxpoH- 
Hbie ABHraTe^n c BpawaiomHMCH aaeMeHTOM b 
BH^e 6apa6aHa; 

2) c derymHM MarHHTHUM no^ieM h noABHXt* 

HHM SHeMeHTOM B BHJie JXHCKa; B 9T0ft CHCTeMe 
MaKCHMyMbi nOTOKOB HacTynaioT nooqepeAHO y 
pacno^oaceHHHx phaom nojiiocoB, b pe3y^bTaTe 
qero noAyqaeTCH noae, KaK 6bi ABnraiomeecH ot 
och onepeacaiomero noTOKa k och OTCTaiomero 
h yB^eKaromee 3a co6oň ^hck noAOĎHO pOTopy 
b acHHxpoHHOM ABHraTeJie. 



4>Hr. 11,26. MHayKHHOHHaa CHCTeMa c KopoTK03aMKHyT&iM 

BHTKOM. 

Rjih nocTpoeHHH pe^e MaKCHMa^bHoro TOKa 
b HacToamee BpeMH npHMeHHtOTca, KaK npaBHAo, 
CHCTeMu AByx ocHOBHbix THnoB c óeryntHM Mar- 
HHTHbíM no^eM: 

1) C KOpOTK033MKHyTbIMH BHTK3MH HAH 9Kpa- 

h3mh; 

2) CO CAOHCHMM MarHHTOnpOBOAOM. 

OCHOBHUe CBOňCTBa HHAyKUHOHHblX CHCTeM 

paccMOTpeHbí Ha npHMepe pe^ie c KopoTK033MKHy- 

TblM BHTKOM. 

PeJie C K0p0TK033MKHyTblM BHTKOM (4>HI\ II, 
26). HHflyKUHOHHaH CHCTeMa C KOpoTK033MKHy* 
THM BHTKOM HMeeT TOJIbKO OAHH SfleKTpOMarHHT /. 
Jlfia MarHHTHbix noTOKa, CABHHyTux no 4> a3e H 
npocTpaHCTBeHHO, co3aaioTCH nyTeM pacmen^ie- 
hhh no^iocoB 9JieKTpoMarHHTa Ha ABe qacTH, Ha 
OflHy H3 KOTOpUX HaCaXCHB3IOTCH KOpOTK03aMKHy- 
Tbie BHTKH, BMno)lHHeMbie B BHfle KO^en 2. 

■ BeKTopHan AHarpaMMa pe3y^bTHpyiomHX noTO- 
KOB <Í>A H ((par. 11,26), BHXOAHHIHX COOTBeTCT- 
BeHHO H3 SKpaHHpOB3HHOH H He3KpaHHp0B3HH0fi 
qacTH no^ioca, ctpohtch TaK xce, KaK ajib 9^eK- 
TpoMarHHTHoň CHCTeMu K^anaHHoro Tnna.c ko- 
p0TK033MKHyTbIM BHTKOM ((J)Hr. 11,19). 
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riOTOKH 4>a H 4>b OÓyCAOBAHBaiOT nOHBJléHHe 

b ^HCKe 9. a* c. AByx bhaob: 

1) TpaHC(})opMaTOpHux; 

2) pegaHHa. 

3rfaqeHHa TpaHC^opMaTopHux 9. a- c. E Ag h 
Eb s He 3 aBHCflT ot Toro, Bpamaetca ahck hah 
H enOABHHCeH. OhH OĎyCAOBAHBaiOT B AHCKe 
tokh, CAyacamne A-na C03AaHna M ep . SAeKTpOABH- 
acymHe chah peáaHHa noHBAaioTca b AHCKe TOAbKO 
np« ero BpameHHH. Ohh co3AaioT b AHCKe tokh 

pe3aHHH, Ol' B 3 aHMOAeňCTBHa KOTOpUX C BbI3B3B- 
UIHMH ( HX MarHHTHblMH nOTOK3MH . nOHBAHIOTCH 
MOMeHTH, HanpaBAenHbie BcerAa npoTHB HanpaB- 
■nenna ABHJKeHHa ahck3 h, CAeAOBaTéAbHo, Aeft- 
CTByioiune Ha Hero AeMn^HpyiomHM o6pa30M. 
SaeKTpo^BHHcymae chah E As h E Bg npH npH- 

HHTblX RJin HHX nOAC2CHTeAbHHX HaupaB^eHHHX, 
onpeAeAenHbix no npabHAy nrronopa, OTCTaiOT 
COOTBeTCTBeHHO OT nOTOKOB <Í>A H Ha yroA 

b 90°. 

.. Tokh b AHCKe I As h I Bg , ogycAOBAeHHbie 9. a c. 
E Ag h E B ‘ g , npn npHHaTbix jijiíi hhx noAoacHTeAb- 
Hbix HanpaBaeHHax, OAHHaKOBbix c 9. A- c., ot- 
CTaioT ot uocAeAHHX Ha HeÓoAbinoň yroA 
onpeAeaaeMHft OTiiouieHHeM peaKTÍiBHOro conpo- 
THBneHHH AHCKa Xg K aKTHBHOMy r g : 

9 g —arctg =* arctg (II, 16) 

6 r g . r s 

OnpeAenHM chah B3 aHMOAeftCTBHH MeacAy no- 

TOK3MH H HHAyKTHpOBaHHHMH HMH ACe TOK3MH B 
AHCKe H MOKAy nOTOK3MH H T0K3MH, HHAyKTHpO* 
BaHHblMH ApyrHMH nOTOKaMH. 

CpeAHee 3a nepHOA 3HaneHHe chah b33hmo- 
AeftCTBna F cp MeacAy iiotokóm $ h aíoďhm to- 
kom lg, pacnoAoaceHHHM noA iioaiocom Ha 9Ae- 
-JiieHTe A-ÍHHH A/ AHCKa‘, nAOCKOCTb KOTOpOTO 
nepneHAHKyAapHa och noAioca, HMeeT BbipaaceHne 

F cp ^k 2 <f>IgCosl®,Ig. (11,17) 

yroA MeHCAy nOTOKaMH H HHAyKTHpOBaHHHMH 
HMH ace TOK3MH B AHCKe, paBHblft, KaK TO CAe- 
AyeT H3 AHarpaMMbi cjnir. II, 27, 90° -f- 6 aH30k 
k 90°, TaK KaK yroA MaA. FIo9TOMy cpeAHHe 

3Han^HHH CHA B33HMOAeftCTBHH MeHCAy nOTOKaMH 
H HHAVKTHpOBaHHblMH HMH TÓKaMH Ha ,9AeMeHTe A/ 
AHCKa TaKHce MaAu. 

\Hah onpeAeneHHH noAHoň chah B3aHMOAeft- 
CTBHH MeacAy nOTOKOM H nOAHHM TOKOM, HaBe- 
ASHHblM HM B AHCI<e, paCCMOTpHM ropH30HT3Ab- 
Hyio npoeKHHK) AHCKa <Jmr. II, 26 c HaHeceHHoft 
Ha Heft OAHOň H3 ahhhů toks, KOTopbie npH- 
HHM3IOTCH HMeiOinHMH (JjopMy OKpyacHOOTeft 
(<J)Hr. II, 28). H3 (Jwr. II, 28 CAeayeT, hto Kaac- 
Abiň 9A6MeHT A/ 2 ahhhh tokob HMeeT no Apyryro 
CTopoHy ot npaMoft, coeAHHaiomea caca och no- 
TOKa C IteHTpOM AHCKa, paBHHft H CHMMeTpHHHO 
pacnoAoaceHHbift sacmcht A/ 2 Toft ace ahhhh to¬ 
kob, a^ih KOTOporo npoeKUHH I g Ha paAHyc AHCKa 
HMeeT npoTHBonoAoacHoe HanpaBAeHHe. Ilo9TOMy 
CHAH B3aHMOAeňCTBHH A/ KaxcAoň napu 9AeMeH- 

4 PejieáHaH 3aaiaxa 


tob A í t ' h A/ 2 c nOTOKOM eorAacHanpaBHAy AtBOft 
pyKH 6yAyf HanpaBAeHH TaK, hto'hx pesyAbTH- 
pyromaa kf pe3 npoftAeT nepe3 ocb ahckb h M ap He 

C03AaCT. 

TaKHM o 6 pa 30 M npH CHMMeTpHHHOM BHHOA- 
HeHHH HHAyKHH0HH0ft CHCTeMH B33HMOAGftCTBHe 
MarHHTHoro noTOKa c HHayKTHpoBaHHHM hm ace 
TOKOM Map He C03AaeT, OĎyCAOBAHBaa TOAbKO COOT- 
BeTCTByiomne . chah AeňCTBHH na OTASAbHue 
9AeMenTbi AHCKa h pe3yAbTHpyiomee AaBAeHHe 
OT HHX Ha OCb AHCKa. 



<I>Hr, 11,28. HanpaBiieHHH caa B3aHMoxteiícTBHa Meacay no- 
TOKOM H HHAyKTHpOBaHHUM HM TOKOM B AHCKe. 

JQah onpeAeAeHna M sp , AeftcTByromHx Ha ahck 
3a cneT, B3aHMOAeftCTBHa MeacAy nOTOKaMH h to- 

KaMH, HHAyKTHpOBaHHHMH ApyrHMH nOTOK3MH^ 
npHMeM 3a noAoacHTeAbHoe — HanpaBAeHHe Bpa* 
meHHH AHCKa npoTHB nacoBoft CTpeAKH ot och 
He9KpaHHpOB3HHOA H3CTH nOAHJCa K OCH $ A 9Ícpa^ 
HHpOBaHHOft naCTH. • 

MoMeHT Mb, OÓyCAOBAeHHHft CHAOft B3aHMOAeft- 
ctbhh $jc I Ag , .HMeeT corAacHO npaBHAy AeBoft 
pyKH oTpHuaTeAbHoe ycAOBHoe HanpaBAeHHe — 
no nacOBoft CTpeAKe. Ero BeAHHHHa corAacHo 
(II, 17) h BeKTOpHOft AnarpaMMe 4>nr. II, 27 paBHa: 
Mb — — k 3 -$B-í. Ag cos /_ (4>s, I Ag ) — 

= k&BÍAg COS (f+ 90° + W g ) = 

=+ k z $ B I Ag sin (<p -f-^g). (11,18) 
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Momcht Ma, oĎycjiOB^eHHHň CHAoň B3aHMO- 
aefiCTBHH $a h Iagy HMeeT noAoacHTeAbHoe yc- 
jiOBHoe HanpaBJíeHHe — npoTHB qacoBoň CTpeAKH. 
CoraacHO TeM ace ahhhum: 

MA = -\-k r $ A -lBgCOS / ( 4 > A , Ib s ) — 

-[- k&Ahg cos (90° + - <ř)= 

—|-V sin (*-¥,). (11,19) 

ílo^HHň M ep CHCTeMH, paBHbift ajjreópaHqecKOň 
cyMMe M a h Mb, c yaeTOM (II, 18) h (II, 19) 6y- 
jeT 

Mep = M a -\-Mb=* k 3 <t>s • Ia s sin (<p + Wg) ■+• 

+ k a -® A -I B g sin (? - V g ). (11,20) 

ToKH B AHCK6 npOnOpUHOHa^bHbl COOTBeTCT* 
ByiomaM a. a. c., KOTopwe b cboio onepe^b 
nponopuHOHa^bHbí MarHHTHbíM noTOKaia h nacTOTe 
nepeMeHHoro TOKa co. HosTOMy (II, 20) MoaceT 
ČHTb npeACTaB^eHO b caeAyiomeM bhac 
M ep —k s ^B-k i -m-^A-sin (<p-(- ’?*) + 

+ k 3 $A • K • sin (cp — W g ) = 

t=kr,<ú • <fr A • <J>£ sin <p cos 9 ^=k • ® A • sin <?. (11,21) 

Ha ocHOBaHHH paccMOTpeHHH (II, 21) h (J)Hr. II, 27 
mohcho CAeaaTb CAeAyiomHe buboam: 

1. Be^HMHHa Mep 33BHCHT OT yTAa CABHra 
4>a3 <p Me)KAy noTOKaMH <& A h $b. MaKCHMaAbHoe 
3Ha«ieHHe M ap HMeeT npn CABHre b 90°, npH 

9=0° Mep OTCyTCTByeT. 

2. PaĎOTa HHAyKUHOHHbIX CHCTeM 33BHCHT OT 
nacTOTU nepeMeHHoro Tona h ot TeMnepaTypu 
OKpywaiomero B03Ayxa, Tax Kan corviacHO (II, 16) 
ot hhx 33BHCHT cos V*; c H3MeHeHHeM nocAeAHero 
H3MeHHeTCH M e p [K03q)HUHeHT k 4 (II, 21)]. 

3. M ep Bceraa HanpaBJíeH no KpaTnaňmeMy 
nyTH ot och onepeacaiomero noTOKa k och 
OTCT aiomero (npHHHToe TaKHM o6pa30M npn Bbi- 
BOAax ycjiOBHoe nojioaKHTejibHoe HanpaBaeHHe 
AaAO B pe3y^ibTaTe noaoacHTeAbHbiH momcht). 
lÍ03T0My B HHAyKUHOHHOH CHCTCMe C KOpOTK03aM- 
KHyTUM BHTKOM AHCK BCerA3 BHe 33BHCHMOCTH OT 

HanpaBJíeHHH h3motkh oďmotkh BpamaeTca no 
KpaTHaSmeMy nyTH ot och HesKpaHHpoBaHHOň 
nacTH noaioca (oriepeacaíomHů noTox) k och sk- 
paHHpOB3HHOň H3CTH (OTCTaiOUtHÍI HOTOK). 

k e HHAVKaHOHHWX CHCTCM B OCHOBHOM Onpe- 
AeAaeTCH TeMH me <f>aKTopaMH, KOTopue ómah 
paccMOTpeHbí b blíne (ra. II, § 5) npHMeHHTeabHO 
k 9AeKTpOMarHHTHUM CHCTeMaM. FIoaoďho Heco- 

OTBeTCTBHJO CHA npHTHHCeHHH H HpOTHBOAeftCT- 
Byromnx ycTpoůcTB, yxyAinaiomHx k e 3AeKTpo- 
MaTHHTHblX CHCTeM, B CHCTeMaX HHAyKUHOHHHX 
HMeeT MecTO HecooTBeTCTBHe MeacAy AeficTByio- 
■ IUHM Ha AHCK Mep, BeAHHHHa KOTOpOTO MOHCeT He 
3aBHCeTb OT XOAa AHCK3, H npOTHBOAeŮCTByiOIHHM 
MOMeHTOM, OÓblHHO yBeAHHHBaiOIHHMCH c xoaom 
AHCK3. Sto OĎCTOHTeAbCTBO npHBOAHT T3K)Ke K 
TOMy, hto yace HopMaAbHue padonne tokh HHorAa 
BU3biBaioT noBopoT AHCKa Ha HeKOTopoň yroA, 
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cooTBeTCTByjoniHň paBHOBecHio AeftCTByiomHX h 
npoTHBOAeňCTByiomHX MOMeHTOB („nAaBaHHe 

peae"). B pe 3 yAbTaTe pa6oTa peAe (HanpHMep, 
BpeMH AeňcTBHH) oKa3biBaeTca saBHCHnieft ot 
npeABapHTeAbHOň Harpy3KH 3auiHmaeMoft ahhhh, 
HTO BeACT K HeOÓXOAHMOCTH npHHHTHH AAH 33- 

iiihth ĎOAbniHx cTyneHeň BbiAepaceK BpeMeHH. 

riOSTOMy AAH yAymneHHH ke HHAyKUHOHHbIX 
CHCTeM H yMeHbUieHHH BAH3HHH H3 HX paĎOTy 
tokob Harpy3KH, HMeBniiix MecTO b 3 amHmaeMOM 
sAeMeHTe ao MOMeHTa bo3hhkhob6hhh noBpeiKAe- 
hhh, npHHHMaiOTCH cnenHaAbHue Mepbi. Tax, Ha¬ 
npHMep, aah ycTpaHeHHH „nAaBaHHH" no KpaaM 
AHCKa (4mr. II, 29) acabiotch b paAHaAbHOM Ha- 



*tCWQ/1bH080 (JHQ3QHH08D 

HapucyHKe 

Onr. 11,29. npope3bi b ^Hcne HH^yKBHOKHOH CHCTeMbi, o6y- 
CJioBJíHBaiomHe BpamaiomHH momcht chctcmli, yBejiHHHBa- 
jomHHCH c yrjioM noBopoia ^HCKa. 

y 

npaBAeHHH npope3bi. a^Hna 3THXnpope30B yMeHb- 
inaeTCH, chht3h no HanpaBAeHHio xoAa AHCKa, 
COOTBeTCTBeHHO t OrpaHHHHBaH BeAHHHHbl HHAyK- 
THpOBSHHblX B HeM TOKOB. B pe3yAbTaTe npH 
noBopoTe AHCKa OAHOBpeMeHHo c yBeAHneHHeM 
npOTHBOAeňCTByiomero MOMeHTa, co3AaBaeMoro 
npyacHHoft, cooTBeTCTBeHHO B03pacTaeT h M ep 3a 
CHeT 0OAbUlHX HHAyKTHppBaHHbIX TOKOB B HaCTHX 
AHCKa, HMeiomHX MeHbniHe aahhh npope30B. 

PeAe CO CAOiKHblM MarHHTOnpOBOAOM 

(<Í>Hr. 11,30). HHAyKUHOHHaa cncTeMa co ‘caohchmm 

MarHHTOnpOBOAOM COCTOHT H3 AByX 9AeKTpO- 
MarHHTOB — BepxHero TpexcTepHíHeBoro 7 h hhhc- 
Hero noAKOBOo6pa3HOň 4>opMbi 2, MeKAy koto- 
pblMH yKpenAHeTCH AHCK 3 . 

OcHOBHaa o6motk3 4 pe^e, nHTaeMaa tokom 
3amHwaeMOň ahhhh, pacnoAoaceHa Ha cpeAHeM 
cepACHHHKe BepxHero 3 AeKTpoMarHHTa. Oómot- 
Ka 5 HHHCHero aaeKTpoMarHHTa pa3MemeHa Ha 
AByx ero noarocax h no^ynaeT nHTaHHe ot bto- 
pHHHOft oďmotkh 4'. 06motk3 4' pacnoAoaceHa 
Ha tom ate cpeAHeM cepAenHHKe BepxHero aaeK- 
TpOMarHHTa, hto h o6motk3 4, npeACTaBAaa cob- 
MecTHO c nocAeAHeň npoMeHcyTOHHuň TpaHC(])op- 
MaTop. 



BeKTOpHaa AnarpaMMa peAe co caojkhhm Mar- 
HHTonpoBOAOM H3o6paHceHa Ha (j)Hr. II, 31. Rjih 
ee nocTpoeHHH npHMeM 3a HCxoAHbii* BeKTop O4, 
BHxoAflmnň H3 cpeAHero cepAeaHHKa BepxHero 
3JieKTpOMarHHTa. riOMHMO Oa aMnepBHTKH 06- 
MOTOK 4 H 4' OÓyCAOBAHBaiOT HiyHTOBOft nOTOK 
3aMUKaK>mHňCH Hepe3 ĎOKOBbie B03AyiHHUe 
3a3opbi BepxHero aAeKTpoMarHHTa. 4> m onepe- 
acaeT Oa Ha HeKoTopuň yroA 0, oóycAOBAeHHbiň 
TeM 06CT0HTeAbCTB0M, HTO pe3yAbTHpyK>maH 
H. A. C., C03AaiOHXaH He BKAIOHaeT B npOTH- 

Bono^oxcHOCTb m. A- c., co3AaiómeB Oa, aMnep- 
BHTKOB, OnpeAeAHeMHX TOK3MH, HHAyKTHpOB3H- 
HHMH B AHCKe (npH nOCTpoeHHH CHHTaeM AJia 
npocTOTbi yroA 0=0). 


PeryAHpOBaHHe BWAep>KeK BpeMeHH h i p . m 
HHAyKUHOHHblX peJie TOKa. 

BbiA6p*Ka BpeMeHH HHAyKnHOHHbix peAe MaK- 
CHMaAbHoro TOKa co3AaeTCB, KaK npaBHAO, 3a 
caeT cooTBeTCTByioHiero xoAa ahck3. Ilpn OTCyT- 
CTBHH HaCbímeHHH B MarHHTOnpOBOAaX nOTOKH Oa 
h <í >b, C03AaK»mHe M op , npHMepHO nponopuHOHaAb- 
HH TOKy B OCHOBHOŘ OČMOTKe peAe. B pe3yAb- 
TaTe M ep OKa3biBaeTCH nponopuHOHaAbHbíM kb 3A' 
paTy Tona h xapaKTepHCTHKa BbiAepaíKH BpeMe¬ 
HH HMeeT aaBHCHMbift xapaKTep. Rasi noAyaeHHa 
OrpaHHHeHHO-3aBHCHMbIX xapaKTepncTHK HCnOAb- 
3yioT HacbímeHHe MarHHTonpoBOAOB npH onpe- 
ACAeHHblX 3HaneHHHX tokob. 




4>Kr. 11 , 30 . HHjiyKUHOHHaH cacTeMa co 4 >«r. II,3?.”BeKTopHaa Marpa«Ma flJia HHflyKUHOHHoii CHCxeMbi co cjiohc- 
cjiohchhm MarHHTonpoBoaoM, fleiicTByio- HbIM MarHHtonpoBoaoM. 


mas ot o«hoh saeKTpHiecKoň BejiHaHHH— 

TOKa. 

B pe3yabTaTe cyMMapHbiS O, b cpeAHeM cep- 
AeMHHKe BepXHero_9AeKTpoMarHHTa paBeH 

<+ (11,22) 

O c H3BOAHT BO BTOpHHHOfl OĎMOTKe 4' 9. A- C. E, 
KOTOpafl npH npHHHTOM AAH Hee nOAOJKHTeAbHOM 
HanpaBJíeHHH, o6o3HaaeHHOM CTpeAKaMH Ha bht- 
xax oÓmotkh h onpeACAeHHOM no npaBHAy hito- 
nopa, (ucTaeT ot noTOKa Ha yroA 90°. 

Tok I, co3AaBaeMbiň a. a- c . E b KOHType, 
COCTOfllIieM H3 OĎMOTOK 4 H 5, npH npHHHTOM 
Aásí Hero noAoxcHTe^bHOM / HanpaBAeHHH, cOBna- 
aaiomeM c a. a. c., OTCTaeT ot nocAeAHefi Ha 
HeKOTopufl yroA V, onpeAe^aeMbiň cooTHome- 
HHeM Me*Ay peaKTHBHHM H 3KTHBHHM COnpOTHB- 
jieHHHMH uenn. 

MarHHTHbiň hotok HHHCHero cepAeaHHKa Ob, 
oóycjioB^eHHbift tokom /, OTCTaeT ot nocAeAHero 
Ha yroA *f, onpeAeAaeMuň noTepaMH Ha rncTe- 
pe3HC h tokh Oyno b MarHHTonpoBOAe. IloTOK Ob, 
3 aMbiKaiomHftcH aepe 3 B03ayniHbi8 3 a 3 op, b ko- 
topom pacnoAOHceH ahck, ABaacAH ero nepecenaeT 
b pa3Hux HanpaB^ieHHHX. 

B pe3yjibTaTe ahck nepeceKaeTca KaK 6 h ABy- 
MH nOTOKaMH O A H Ob, KOTOpUe CABHHyTbl Apyr 
OTHocHTeAbHO Apyra npocTpaHCTBeHHO h no <J)a3e, 
co3aaBaa corAacHO (II, 21) iVÍ Bp =A!"0>i*0B-slncp. 
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PeryAHpOBaHHe BbiAepaceK BpeMeHH, HeoOxo- 
AHMoe npn noAČope xapaKTepncTHK, očecnean- 
BaiomHX ceAeKTHBHyio paóoTy 3amnTbi b ceTH, 
ocymecTBAaeTca o6hhho H3MeHeHHeM yrAa noBO- 
pOTa AHCKayto MOMeHTa cpaĎaTbiBaHHa peAe. 

Rna perýAHpoBaHHH i p . m HCnoAb3yiOTCH CAe- 
AyiouxHe ocHOBHbie cnocoóu: 

1) peryAHpoBaHHe H3MeHeHneM ancAa bhtkob 
OCHOBHOS OĎMOTKH 3AeKTpOMarHHTa; TaK, HanpH- 
Mep, A-aH yBeAHaeHHa i p . m b n pa3 aHCAO bhtkob 
O 0MOTKH nOHH*aeTCa COOTBeTCTBeHHO B n pa3, 
aTOĎbi noAyaHTb HeH3MeHHHe aMnepBHTKH, C03- 
AaroutHe M ep HeoĎxoAHMOft BeAHHHHbí; 

2) peryAHpoBaHHe H3MeHeHHeM BeAHaHHbí Ha- 
aaAbHoro npoTHBOAeňCTByiomero MOMeHTa; 

3) peryAHpoBaHHe noBopoTOM Kop0TKO3aMi<- 
HyTOrO BHTKa OTHOCHTeAbHO OCH noAioca 3AeK- 
TpoMarHHTa; M ep cHCTeMbi paseH ($Hr. 11,32) 
npoH3BeA6HHio Ě pe3 , AeScTByiomeň Ha ahck, Ha 
nAeao ee l OTHocHTeAbHO och AHCKa: 

M a ,**F pt 3-l. ^ (11,23) 

F pe3 BcerAa HanpaBAeHa nOA noAiocÓM b cto- 
poHy BHTKa, caHTaa no KpaTaa8uieMy nyTH ot 
HeaKpaHHpOBaHHOň aacTH noAioca k 9Kp aHHpOBaH- 
ho8. ÍIoaTOMy nAeao chah, BupaaceHHoe aepes 
ero MaKCHMaAbHoe 3aaaeHHe / ma xHyroA noBopOTa 
BHTKa a, 

l — lmox-cosa, (11,24) 
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h coraacHO (II, 23 ) h (II, 24 ) 

1 W 8p = * /max • COS (X = ^í(jp max * COS (II, 25 ) 

H 3 MeHHH J'Ka3aHHHM 0 Ópa 30 M BeJIHHHHy M ep , 
Mbl COOTB eTCTBeilHO H 3 M 6 K 8 CM MHHHMaabHblft TOK, 
HeoĎxoAH mhA Aaa pačOTbi peae, t. e. i p . m . 

Ha npaKTHKe Aaa peryaapoBaHHa i p . m npen- 
MymecTPenHbíM pacnpocTpaKeHHeM noab3yeTca 
nepBbiň ciíocoó. 1-iea.ocTaTKOM ero HBaseTca cTy- 
neHHaTGCTb noayqaeMoň peryanpoBKH. .Hpyrne 
cnocoÓM, xoth h oóecneaHBaiOT naaBHOCTb pery- 
^HpOBaHBH, no očaaaaioT reu cymecTBeHiibíM He* 


Horo b HeM HcnoAb3yeTca TaKHce saeKTpoMarHHT- 
Hoe ycTpoňcTBo. 

HHAyKunoHHoe peae HMeeT MarHHTHyro cncTe- 
My / C K 0 p 0 TK 033 MKHyTbIMH BHTK 3 MH 2 . AaiOMH- 
HiieBbiň ahck 3 Haca>KeH Ha ocb, yKpenaeHHyro 
b paMe 4 , HMeiomefl HenoABHjKHyio ocb Bpanxe- 
hhh. noA AeňCTBueM píiĎoaero TOKa, ecan no- 
caeAHHft npeBoexoAHT 20 — 30 % i p . m , ahck Bpa* 
maeTCa. ÓAHaKO peae npH stom ne paóoTaer, 
TaK KaK paMa 4 OTTHHVTa npyacHHOň 5 b Kpa^nee 
noaoaceHHe h nepBHK 7 Ha och ahcio He cúenaeH 
c 3y6qaTbiM cČktopom & 

Ha BpamaKíiHHficH no aacoBoft cTpeane ahck 



4 >hi\ 11,31;. PeryjiHpoBKa TQKa TporaHHH peae t 
kcpotko 3aMKHyTbiM BHTKOM nyTeM noBopoTa no- 
cjieAnero OTiiocHTeJibHO och sJíeKTpoMarHHTa. 


/JOCTaTKOM, HTO C H3MeHGHH6M yCTaBKH 
ip.m y HHX MGHÍieTCH xapaKTepHCTHKa 
BbiAepatKH BpeMeHH. OO^acHaeTca sto 
reM, hto npH peryaapoBaHHH i p . m H3- 
MeaaiOTca awnepBHTKH oďmotok, mto 
B bi3biBaeT H3MeHeHHe ckopocth AHCaa 
npH. OAHHX H Tex 3Ke KpaTHOCTHX TOKOB. 

HHAyKu,HOHHbiň npHHimn AaeT bo3- 
MOSKHOCTb acymecTBHTb BecbMa Heo6- 
xoAHMbie peae MaKCHMaabHoro TOKa c 
orpaHHHenno 33 bhchmhmh xapaKTepH- 

CTHK3MH. 



npn BHóope HaA^ieacamnx KOHCTpyKHHft ohh 
MoryT oOecneaHTb xopomnň k a , a Taxace npH 
.npHHHTHH cneuHaAbHux Mep (cm. ra. II, § 9 ) ao- 
craTOHHyio TOHHOCTb, Maane HHepnnoHHbie ouxh 6 - 
KH H He 3 aBHCHMOCTb XapaKTepHCTHK OT HpeA" 
xuecTByiomeň HarpysKH, a Taxace OwcTpoé bo3- 
BpameHHe b HaaaabHoe noaoaceHHe nocae AeftCT- 
BHH. Jim 3 TOPO, OAH 3 KO, peAe BHnOJIHHiOTCH KOM- 
ÓHHHpoBaHHbíMH c HcnoAb 30 BaHHeM gaeKTpoMar- 
HHTHUX yCTpOĚCTB. 


9. PEJIE MAKCHMAJlbHOrO TOKA THIIA HT-80 X9M3 

CxeMaTHaecKHfi bha peae npHBeÁeH Ha (Jwr. II, 33 . 
Peae BunoaHeHO Ha HHAyKHHOHHOM npHHiíiine a 
HMeeT orpanHqeHHO-3aBHCHMyio xapaKTepncTHKy 
BbiAepatKH BpeMeHH. B KaaecTBe BcnoMoraTeab- 


AeflCTByioT chám ti h/ 2 (4)nr. II, 34)./j C03AaeTca 
MarHHTHOň CHCTeMOň 1, fz — nOCTOSHIlblM MarHH- 
TOM 6, npOTHBOAeflCTByiOaXHM ABHHCeHHlO AHCK3. 

npH yBeanqeHHH TOKa b oďmotkc peae f t B03- 
pacTaeT h yBeaHHHBaeTCa yraoBaa CKopoctb 
AHCtfa. BcaeACTBHe 9Toro B03pacTaeT h ř 2 . 

IlpH i p . m paBHOAeňcTByiomaíi / x h / 2 npe- 
OAoaeBaeT HaTaaceHHe npyacHHbí 5, noBopaHHBaeT 
paMy 4 c yKpenaeHHOft Ha Heft ocbio c ahckom 
h npOH3BO.jHT cHenaeHHe qepBHKa 7 c 3 yóqaTbiM 
cerMeHTOM 8. CerMeHT ^HaqHHaeT noAHHMaTbcs, 
h no npomecTBHH onpeAeaeHHoro BpeMeHH yKpen- 
aeHHaa Ha ero kohuc naacTHHKa ynnpaeTCfl b 
aeByro nacTb KopoMHcaa 10 h HanHHaeT ero noa- 
HHM3Tb. IlpH 9T0M B03AyUIHblft 3a3(>p C npaBOň 
CTOpoHbí KopoMbicaa yMeHbmaeTca, oho OucTpo 
npHTHrHBaeTCH k MarHHTonpoBOAy 1 h 3aMbiKaeT 
KOHT3KTU J2—13 peae. JJjn a npeAOTBpameHHH 
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paciieiuieHHH qepBaqHoň nepeAaqn bo BpeMa jiefi- 
ctbh 3 pejie sa caeT yMeHbiiieHHa ckopocth AHCKa, 
HaaaBiuero noAHHMaTb cerMeHT, cnyacHT aceAe3- 
Haa CKOÓa 9. Ha 9Ty CKOóy AeůcTByeT MarHHT- 
Hblft nOTOK paCCeaHHH OCHOBHOň CHCTeMH, npn- 
TarHBaa ee, h cooómaeT paMe 4 Aono.ziHHTe.ab- 
Hoe ycn-ane. 

KopOMblCJlO 10 COBMeCTHO C SJíeKTpOMarHH- 
tom 1 npeACTaBjíaeT no cymecTBy a^eKTpOMar- 
HuTHoe pejie K^anaHHoro tuna 11. Oho MoaceT 
6biTb Hcno^b30BaHO A^ia ocymecTB^eHHa MTHOBeH- 
Horo ^eflCTBua pe.ae, HannHaa c onpeae^eHHbix 
KpaTHOcreň TOKa. Ha KOHue aKopa 9Toro pe.ae, 
paóoTaiomero Ha nepeMeHHOM TOKe, HMeeTca 
KopoTK03aMKHyTbiň bhtok, yMeHbmaiomHfi „ryAe- 
HHe“ KOHCTpyKUHH. 

Pery^npoBaHHe BbiflepacKH BpeMeHH hha>’k- 
uhohhoio pejie np0H3B0AHTca nocpeACTBOM ycT- 
poftcTBa 14, nepeMemaromero ynop, onpeaejiaió- 
maň Haaa^bHoe no/íoaceHne ceraeHTa 8. npea,e^u 
pery^HpoBaHHa BbmepJKKH BpeMeHH b He3aBHCH- 
mo 8 aaCTH xapaKTepncTHKH — ot 0,5 ao 3,5 cen. 
(thii HT-81) hjw ao 14 cex. (THn HT-82). 

Pery^inpoBaHne i p . m HHAyKHHOHHoro pe.ae ocy- 
mecTB^aeTca H3MeHeHHeM ancjia bhtkob ero 06- 
motkh nocpeacTBOMHiTence^bHoro ycTpoflCTBa/5 
6e3 pa3pbiBa btophhhhx očmotok TpaHC(J)OpMa- 
TopoB TOKa. npeAe^bi pery^HpoBaHHa — ot 2 ao 
5 A m a nepBoro BapnaHTa h ot 4 ao 10 A aah 
BToporo. 

Pery^HpoBaHHe i p . m MrHOBeHHoro a^ieKTpoMar- 
HHTHoro pe.ae ocymecTB^aeTCa H3MeHeHHeM Be- 
jiHMHHbí B03ayuiHoro 3a3opa MeacAy npaBoft qacrbio 
KopoMbic^a 10 h sjíeKTpoMarHHTOM nocpeACTBOM 
peryaHpoBOHHoro bhhtb 16. Pery.anpoBaHHe i p . m 
npOHSBO^H^ca b npeaeaax npHMepHO Aeyx — naT- 
HaApaTHKpaTHOH Be.THHHHbl no OTHOHieHHIO K ip.m 
HHAyKUHOHHOrO peae. Bo3MOHCHbI H HeCKOJIbKO 
Ďo^buine ycTaBKH, OAHaKO npa stom peae pa6o- 
TaeT HeAOCTaToaHo ycTOňaHBO, co 3HaaHTeabHbiMH 
norpeiuHOCTHMH b i p . m . HeoóxoAHMO oTMeraTb, 
mto ačcojiioTHaa Be-anqHHa i p . m 9.aeKTpoMarHHT- 
Horo pe.ae onpeAeaaeTca, KOHeqHO, h qnc.aoM 
BHTKOB o 6 motkh S^ieKTpOMarHHTa 1. 

Pe.ae v MeeT MexaHHqecKH AefiCTByioinHft yxa- 
3aTeab cpaóarbiBaHHa, B03BpamaeMbiň b hcxoahoc 
noxojKeHne ot pyra. 

Xapaic i epncTHKH peae HT-81 ashu Ha <})Hr. II, 35. 

Pe.ae Tnna MT-80 aBaaeTca oahhm h 3 ayquin^ 
HHAyi<unoHHbix pe.ae, cymecTByiomHX b HacToa- 
uxee BpeMa. Ero ocHOBHbíMH npHHUHnnaabHbíMH 
A0CT0HHCTB3MH AB^aiOTCa c.aeAyioinHe: 

1) pery^HpOBaHne i p . m nocpeACTBOM H3MeHe- 
HH3 MHCJia BHTKOB OĎMOTKH He H3MCHaeT (})OpMbI 
KpHBOfl XapaKTepHCTHKH BpeMeHH; 

2) Bbi^ep>KKa BpeMeHH He 33 bhcht ot TOKa 
npeaBapuTejibHOH Harpy3KH 6.aaroAapa cnen.aeHHio 
nepBHMiioň nepeAaHH TO^bKO npH TOKax, paBHbix 
Yim ĎOJIbHlHX ip.m; 


3) pe^e HMeeT Ma^oe BpeMa HHeppHOHHoĚ 

OHIHÓKH H B03BpaT3 3a caeT MrHOBeHHOrO pac- 
HenjieHHa qepBaaHoft nepe^ann npH cHHaceHHH 
TOKa ao Be^HHHHbí, paBHOči hjih MeHbuieň i p . e ; 

4) BpameHne ahck 3 npn HopMajibHoň paóoTe 

AaeT B03M0JKH0CTb K0HTp0^1Hp0B3Tb HCnpaBHOe 

coCTOHHHe pe^e; 

5) Ha.THqne Aono^HHTe^bHoro MrHOBeHHoro 
s^ieKTpoMarHHTHOro pe^e no3BOJiaeT b paAe cay- 
aaeB ocymecTB^aTb BcnoMoraTe^ibHoe MrHOBeH- 
Hoe AeňCTBHe 3amHTbi npn óo^bninx TOKax noB- 
peacAeriHa. 



4>Hr. 11,35. XapaKTepHCTHKH pejie THna HT-81. 


HeOĎXOAHMO TaKace OTMeTHTb, HTO pe^e 

HMeeT yAOB^eTBopHre^ibHbie k a (— 0,85) h toh- 

HOCTb AeňCTBHa. 

10. PEJIE MAKCHMAJIbHOrO'* TOKA THI1A KAM 
3ABOAA „3AEKTPOAníIAPAT“ 

CxeMaTHaecKHň bha pe^e AaH Ha 4> Hr * 11,36 h 
II, 37. 3to — BTopaqHoe peae npaMoro achctbíis, 
BCTpaHBaeMoe HenocpeACTBeHHO b KopoĎKy pyq- 
Horo aBTOMaTHqecKoro npnBOAa BHKAioqaTe^ia. 
Pe^e npHHaA-aeHCHT k cojieHOHAHOMy THny h oc- 
HOBaHO Ha BAeKTpoMarHHTHOM npHHAHne, xotíi 
HM eeT orpaHHqeHHO*3aBHCHMyio xapaKTepHCTHKy 
BbiAepacKH BpeMeHH, KaK y HHAyKHHOHHbix peAe 
(4>Hr. 11,38). Pe^e coctoht h 3 c^eAyiowHX ochob- 
Hbix S^eMeHTOB: 

1) oómotkh; 

2) cepAeqanKa c yAapHHKOM; 

3) uiTenceAbHoro nepeKAioqaTe^a aah pery- 
JIHpOBKH TOKa TpOTaHHa nocpeACTBOM H3MeHeHHH 
qHC^a BHTKOB oómotkh; 

4) MeX3HH3Ma BblAepHCKH BpeMeHH. 

npH AOCTHHCeHHH TOKOM BeJIHqHHbl óo.ibuieň, 
qeM tok TporaHHH, cn^a npHTaaceHHa yBeanqH- 
BaeTca HacTOJibKO, hto npeoAo^eBaeT Bec anopa 
cepAeqHHKa, h .noc^eAHHH noAHHMaeTca KBepxy. 
BMecTe c cepAeqHHKOM noAHHMaeTca yAapHHK, 
b HHHCHeft qacTH coeAHHeHHbifl c pefiKoň Mexa- 
HH3M3 BUAepacKH BpeMeHH. CBH3b cepAeqHHKa c 
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yaapHHKOM ocymecTBjíeHa npn noMomn npyacHHbí, 
CKpenjieHHoň c yAapHHKOM h noMemeHtíoň BHyTpH 
cep^eMHHKa. 3 thm AOCTHraeTCH óojiee ruiaBHoe 
AeňCTBHe pejie npn 3HaqHTe;ibHbix KpaTHocTnx 

TOKOB. OTKJIIOqeHHe BblKAIOqaTeAH npOHCXOAHT 
nepe3 onpeAeAenHbiK npoMemyTOK BpeMeHH, noc- 



4>hi\ 11,36. npHHUHnnaJibHbiH qepTeHC pejie mna KAM h 

' npHBOna. 

1 — Kopnyc aBiaMaTHMecKoň kopoSkh; 2 — Báji; 3 — Pbmar Bajia; 4 — 3aBo- 
AtimHH pbmar; 5—■ 3aBOAflmaH coóaqKa; 6 — ahck; 7— 3 anopHaa coSaMKa; 
8— pcuiHK AHCKa; 9 — najieit AHCKá OTKAKmaioiixHfi; 10 — npy>KHHa; 11 — sa* 
jikk; 12 — pbmajKOK-3amejiKa; 13 — pbmar BajiHKa; 14— KaTyuiKa MancH- 
MaJibHoro Tona; 15 —niTencejibHbifl nepeKJiKmaTejib *mcjia bhtkob; 16 — 
mTencejib; 18 — cepAeHHHK; 19 — yaapHHK; 20— npyjKHHa OTKJuonaiomaH; 
21 — KOpnyc MexaHH3Ma BWAeDHCKH BpeMeHH; 22 — MexaHH3M BbmepafKH 
BpeMeHii; 23~peňha; 54 — peryjiaTOp BHAepHCKH BpeMeHH. 

jie Toro KaK 3y6qaTaa HacenKa Ha pefine cocna- 
KHBaeT c 3y6naToro KOJieca MexaHH3Ma BpeMeHH 
H OCBOĎOAHBUIHňCH CepfleHHHK, ÓbICTpO BTHTH- 

Baacb, y^apaeT yjiapHHKOM no pwqary BaJiHKa 
oTK^ronaiomero MexaHH3Ma. 

OrpaHHHeHH6-3aBHCHMaa xapaKTepncTHKa Bbi- 
AepxcKH BpeMeHH onpeAe^aeTCH Heo,HHHaKOBOň 
CKOpOCTbK) AeflCTBHH HaCOBOTO MexaHH3M3 npH 
pa3J!HHHUX Be^HHHHaX TOKOB. IlpH HeĎO^bHlHX 
TQK3X H HeÓO^bHlHX CHJiaX npHTHXCeHHH CKOpOCTb 
ABHJKeHHH cepAeHHHKa h ynapHHKa onpene^HeTCH 
TO^IbKO Be^HHHHOň TOKa, H BpeMH aeňCTBHH TeM 
MeHbrne, neM 6ojibme tok. npn dojibiuHX tokbx 
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cepAe^HHK BTHrHBaeTca cpa3y, cacHMaa noMemeH- 
Hyio b HeM npyxcHHy, h nosTOMy BHe 33 bhchmocth 
ot Be^iHHHHbí Toxa pe.ae paóoTaeT c iioctohhhoA 
BH^epKKOň BpeMeHH. 

Pery^HpOBKa TOKa TporaHHH pe^ie ocymecT- 

BJIHeTCH H3MeHeHH€M 



<f>Hr. 11,37. MexaHH3M BbiflepacKH 
BpeMeHH peae TWia KAM. 
13 —pbmar BajiHKa; 74—KaTyímca m 3 kch- 
MaabHoro TOKa; 18 — cepABHHHic; 19 — 
yAspHHKý 20 —npyMCHHbí OTKJiicmaioiuHe; 
25—pefiKa; 24 — xpanoBoe Ko.ieco; 25 — 
cočamca; 26 — aHKep. 


qncjia bhtkob Kaiym- 
kh Ha nnencejibHOM 
nepeKjnoqaieJie, Hop- 
MajibHO b npe^ejiax 
14 5—10A c HHTepBa- 
JIO'M 'B 1 A. O^HaKO* B 
cjiyqae neo-ĎxoAHMo- 
ctH’ peryjiHpoBKa TOKa 
TpOraHHH MO>KeT 6bITb 

pacuiHpeHa ao 90 A 
nyieM nepecoeAHHe- 
hhh omaeK Ha xa- 
TyuiKe. 

PeryjiHpoBKa Bbi- 
AepntKH BpeMeHH ocy- 

meCTBJIHeTCH H3M€'He- 

HHeM paóoqero xoAa 
peHKH, T. e. B33HM- 
Horo pacnojioxceHHH 
3y6n,0B peň™ h 3y6- 
qaToro KOJieca. npe- 
z^ejibi peryjiHpOBKH 
BblAep^KKH BpeMeHH B 
He3aBHCHMOH qacTH 
XapaKTepHCTHKH — OT 
1 &o 4 cex. B cjiy- 
qae HeoóxoAHMocTH 

B03M0>KH0 CHH>KeHHe 
MHHHMajIbHOH ycTaB- 
KH npHMepHO AO 
0,6—0,7 cex. 


MexaHH3M BbiAepxíKH BpeMeHH mo^kct c pe^ie 
CHHMaTbCH. B 9 tom cjiyqae oho paóoTaeT Kax 
MrHOBeHHoe c BpeMeHeM cpaóaTbiBaHHH npn 6oAb- 
mnx TOKax nopaAiía 0,1 ceK. 

Kos^HuneHT B03BpaTa pejie BecbMa hh3ok — 
ot 0,4 ao 0,5. rioTpeójiHeMaH MomHOCTb npn tokc 
TporaHHH h onymeHHOM HKope BejiHKa h cocTaB- 
jineT okoao 50 VA. riorpemHOCTH b TOKe Tpo- 
raHHH-±:10%, norpemHOCTH b He3aBHCHMOH qacTH 
XapaKTepHCTHKH BblAepHCKH BpeMeHH no AaHHblM 

3aBOAait0,5 CeK. Oah 3KO no a^hhlim 3KcnAoaTa- 
hhh npn TmaTeAbHOň peryAnpoBKe h cooTBeTCT- 
ByiomeM yxone sth norpenmocTH MoryT óbiTb 
CHHHceHbí ao 0,2-í-0,3 ceK. 

HecMOTpn Ha yKa3anHbie HeAOCTaTKH, pe^e 
niHpoKO HcnoAb3yeTCn aah ocymecTBAeHHH 3aniHT 
b pacnpeAeAHTeAbHbix ceTax HanpnHceHHeM 35 kV 

H HH2Ke. 


11. CXEMbl COEflHHEHHft TPAHCOOPMATOPOB 
TOKA H OEMOTOK PEJ1E 

BTOpHHHbie pe^e MaKCHMaAbHoro TOKa BKAiona- 
iotch nepe3 H3MepHTeAbHbie TpaHc4)opMaTopbi TOKa 



Bó/depskAa 



O 100 100 300 400 m% 

dbik/imawmuú mok O % om ycma/tofaeHHOZO rtQ cuka/ie moka 

4 >hi\ 11,38. XapaKTepHCTHKH pejie THiia KAM. 


MOMeHT BpeMeHH, Kor^a b nepBHHHoft oÓMorae 
oh HanpaB^eH ot Hana^ia H k KOHuy K (3aBOA- 
CKaa MapKHpoBKa no OCT 33>kiimob oómotok 
TpaHC<|)opMaTopoB Tona: ujih nepBHHHOň /„., L„ h 

BTOpHHHOfi říj, íí 2 ). 

Ha <Jmr. II, 4Ó AaHa pa3MeTKa kohuob nepBHH- 
HOfi 2 H BTOpHHHOH 3 OĎMOTOK TpaHC^OpMaTOpa, 
HaBHTbix Ha MarHHTonpoBO^ 1 b oahom h tom jKe 
HanpaBřieHHH. Ecah b nepBHHHofl oĎMOTKe TpaHC- 
4>opMaTopa tok ij HMeeT b AaHHHň momcht Bpe¬ 
MeHH HanpaBřieHHe CBepxy bhh3, to bo btophh- 
Hoň oĎMOTKe tok i u HanpaBíieH TaK, htoóh co- 
r^iacHO npaBHay JleHua pa3MarHHHHB3Tb MarHHTO- 
npoBOfl. rioaTOMy MrHOBeHHuft tok bo btophhhoS 
oĎMOTKe, ecřiH npeHeópenb tokom HaMarHHHHBa- 
hhh, HanpaB^ieH Bceraa npoTHBonoAojKHO nepBHH- 
HOMy TOKy. B CB33H C 9THM eCAH npHHHTb Bepx- 
hh0 KOHeu nepBHHHOň oĎMOTKrf 3a Hanajio H, to 
BepXHHŘ KOHeu BTOpHHHOft OĎMOTKH, HaMOT3HHOfl 


Ha3HaqeHneM TpaHC^opMaTopoB toks HBjíaeTca: 

1) H30řiauHa ueneň, b KOTopue BKAioqaioTCH 
BTopHHHbie pe^e, ot chctcmm bmcokoto Hanpa- 
xceHHH nepBHHHoro TOKa; 

2) TpaHC^OpMailHH nepBHHHOrO TOKa, KOTOpblíi 
npa HopMa^bHoň paóoTe h ocoóeHHO npn noB- 
pexcaeHHflx w.o)KeT AOCTHraTb oneHb óo/ibniHX 
BeJIHHHH, flO BejlHHHHbl BTOpHHHOrO TOKa, paBHO® 
npH HOMHHajlbHOM nepBHHHOM TOKe OĎHHHO 5 A. 

JXji a peřieftHoň 3amHTbi b CHCTeMax Tpex<J>a3- 
Horo Toxa npHMeHaeTCH pas. cxeM coeflHHeHHň 
TpaHCiJjopMaTopoB TOKa h pe^ie. Bbióop HanĎořiee 
ueaecoo6pa3Hon H3 hhx onpeaeAHeTCH xapaKTe- 
pOM 3a3eM^eHHa HyíieBoň tohkh CHCTeMW h paaOM 
jpyrax (JiaKTopOB, paccMaTpHBaeMux HHHce. Ilpn 


b tom xce HanpaBjeHHH, coiviacHO npHHaTOMy 
cnoco 6 y MapKHpoBKH t 

Taxxce AOJiaceH 6uTb 
o6o3HaHeH KaK Haqa- 

no h. , ff 

ripHHHTOMy npaBHřiy . . r --i . 

MapKHpOBKH KOHUOB, •* *4* . Vt 

KaK to CíieayeT H3 _T " lf\ u ' 

<|>Hr. II, 39, cooTBeT- jO f 

CTByeT Taxoe ace Ha- -4 | 

npaBaeHne MrHOBeHHbix | 

tokob b oĎMOTKe peíie, ^ TIOn . 

k-ak- w nnn $nr. 11,39. YcflOBHoe H30Ópa- 

H npH Henocpe^- metme TpaHciJiopMaT >pa to- 

CTBeHHOM BKJIIOHeHHH Ka B CXeMax 3amHT. 


nocjieanero b nepBHn- 

Hyio nenb. HanpaBíieHHe tokob nepe3 pe^ie npn 
9TOM He H3MeHHTCH, eCJIH BepXHHe 33 >KHMbI 06 - 
MOTQK TpaHC(J)OpMaTOpa ÓyayT KOHU. 3 MH K « k. 


aHaaH3e pafioTbi sthx cxeM Heofixo^HMO yqHTU' 


BaTb yc^oBHa TpaHCíJjopMauHH tokob H3MepnTeřib- 
HbiMH TpaHc4)opMaTopaMH, KOTOpbie xapaKTepH- 
3yioTca hx BeKTopHoň AHarpaMMoň. 

ynpomeHHbie BfeKTOpHbie anarpaMMbi TpaHC- 
4 »opMaTOpOB TOKa. ycAOBHoe H 3 o 6 paxcenHe TpaHc- 
^opMaTopa TOKa aaHO Ha (J)Hr. II, 39. FlepBHHHaa 
o6motk3 TpaHC(J)opMaTopa HK BKAionaeTca nocAe- 
AOBaTeabHO b uenb nepBHHHoro TOKa 3 amHuiae- 
Moro a^eMeHTa; BTOpHHHaa o6motk3 hk 3aMbiKaeTCH 
na TOKOBbie oómotkh pe^e. 

3aX<HMH06M0T0KTpaHC4)0pMaT0p0B TOKa Map- 
KHpyioTca. Buóop 3a%HMa nepBHHHOň oďmotkh, 

KOTOpblň AOAJKeH ÓbITb H33B3H HanaAOM H, HB- 

jraeTca, Booónxe roBOpa, npoH3BOAbHbiM h onpe- 
Ae^aeTCa 3aBOAaMH-H3roTOBHTeaaMH, hcxoah, Ha- 
npimep, H3 HaMenaeMoro KOHCTpyKTHBHoro pac- 
noAoaceHHa TpaHCijjopMaTopa b ycTaHOBKe. 3a 
Haaařio btophhhoů oómotkh npn npHHHToň Map- 
KiipoBKe 33 >khmob nepBHWHOň npHHHMaeTCH yace 
0ilHO3HaHHO TOT ee 3aHCHM, H3 KOTOpOrO MTHOBeH- 
Hbifl tok HanpaBAaeTca bo BHeiHHroio uenb b tot 



<í>Hr. 11,40. MapKHpoBKa koiihob o 6 motok TpancipopMaTopa 
TOKa npH 0AHH3K0B0M HaiipaBJíeHHH HX HaMOTKH Ha MarHH- 
TOnpOBOfl. 

riosTOMy b cxeMax 3autHT MapKHpOBKy, nacTO He 
npHBOAHT, HMea B BHAy, qTO OAHOHMeHHbie KOH- 
Ubi oďmotok pacnoAoateHbí Ha qepTeace no OAHy 
h Ty »ce CTopoHy TpaHC^opMaTopa (phaom). 
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BeKTopHaa fluarpaMRia TpaHC<J)opMaTOpa Moacer 
ÓHTb nocTpoeHa TOAbKO nocae Toro, KaK 6yayT 
npHHHTH Bno^He onpeae^eHHbie ycAOBHbie ncuio- 
jKHTe^ibHbie HanpaB^eHHH aah nepBHHHbix h bto- 
pHHHUX TOKOB. 

CymecTByeT Asa cnoco6a Bbi6opa sthx no;io- 
xcHTe^ibHbix HanpaB^eHHň. Ilo nepBOMy cnocoóy 
II, 41a) nofloacHTeflbHoe HanpaBAeHne bto- 
pHHHoro TOKa i 3a>iaeTCfl npoTHBonoAoacHHM 



3>Hr. 11,41. CnocoÓu H3o6paaceHHa yaioBHHx nojioacHTeab- 
mux HanpaB.ieiiHH nepBHHHoro h btophhhoi-o TOKa Tpancipop- 
MaTOpOB TOKa. 


nepBHqHOMy /, t. e., ecAH, HanpHMep. / HanpaB- 
jiHeTCH qt Hanana H oďmotkh k Komjy ee K, 
to i HanpaBjíHeTCH ot kohua k k Hanany h. no 
BTopoMy cnocody (cjwr. 11,416) noAOJKHTeAbHbie 
HanpaB^ieHHH tokob / h i npnHHMaioTca OAHHaKO- 
buhh, HanpHMep, ot HanaA o6motok k hx koh- 
naM. 06a cnocoěa abiot, pa3yMeeTCH, npn npaBHAb- 

r,£ r 

4>ht. 11,42. Cnocoóu H3o6pa»eHHji ynpo- 
meHHHX BeKTopHbix anarpaMM TpaHC<j)op- 
MaTOpoB TOKa (a — npn pa3Hbix noaoacH- 
Tejibitbix HanpaBJíeHHHX nepBHqHoro h bto- 
pHHKoro Tona; 6 — npn oflHHaKOBbix). 

a) 8) 



HOM nOab 3 OBaH 0 H HMH OAHHaKOBbie KOHenHbie 
pe 3 yabTaTH, HO OKa3MBaiOT BAHHHHe Ha BHA BeK- 
TopHbix AnarpaMM. 

A^re6paHHecKaa cyMMa aMnepBHTKOB nepBHH- 
Hofi H BTOpHHHOň OĎMOTOK, 6MH npČHeépeHb 
TOKOM HaMarHHHHBaHHH, AOAHCHa paBHHTbCa Hyaio. 

npn nepBOM cnoco6e Bbi6opa ycaoBHux noao- 
KHTeabHbix HanpaBneHHň noAoacHTejibHOMy 3Hane- 
hhk> / cooTBeTCTByeT TaKHce noaojKHTeabHoe 
3 HaaeHHe i h pe3yAbTHpyiom.He aMnepBHTKH npeA- 
CTaBaaroT co6oň b cootb6tctbhh c (jmr. II, 41a, 

pa3HOCTb aMnepBHTKOB nepBHHHOft H BTOpHHHOň 

oďmotok. nosTOMy b ashhom oiynae 


HJIH 


I-w n — i • w t =0 


(11,26) 


i = 2s . I, 


(11,27) 


TAe te>„ H Wg —HHCAO BHTKOB nepBHHHOň H BTO¬ 
pHHHOň o6motkh. 

TaKHM o6pa30M Ha ynpomeHHofl BeKTopHOň 
AHarpaMMe TpaHC<j)0pMaT0pa tokh I h i, ec./iK 
npHHHTb AAH HHX pa3AHHHbie MaCUITa6bI, MOryT 
ĎMTb H306oa}KeHU OAHHM H TeM 5Ke BeKTOpOM’ 

(<J)Hr. II, 42a). 

npn BTopoM cnoco6e BbiĎopa ycaoBnux no- 
Aoa{HTeAbHbix HanpaBaeHHň noao)KHTe.abHOMy 3Ha- 
HeHHio / cooTBeTCTByeT OTpHiiaTeJibHoe 3Hane- 



<p H r. 11,43. CxeMa cocahhchhh TpaHC^opMaTopoB TOKa n 

peae b 3Be3jiy. 

HHe i h pe3yAbTHpyiomHe aMnepBHTKH npeACTa- 
BAHIOT C 06 ofl B COOTBeTCTBHH C <|>Hr. II, 416 cyMMy 
aMnepBHTKOB nepBHHHOň H BTOpHHHOň OĎMOTKH. 

noaTOMy b ashhom CAynae 

/•a>,+i-w,= O (11,28) 

MAK 

i «_!£»./. (11,29) 

Wg \ ’ l 

Ha ynpomeHHofl BeKTOpHOň AHarpaMMé TpaHC- 
4>opMaTopa tokh / h i b 9T0M CAynae H306pa- 
acaiOTCH BeKTOpaMH, CABHHyTbIMH Apyr OTHOCH- 

TeabHO Apyra na yroA b 180° (<J)Hr. II, 42 6). 

BoAee vaoďhhm hbahctch nepBbiň cnoco 6 
H 306 paHCeHHH BeKTOpHUX AHarpaMM, KOTOpblň H 
HcnoAb3yeTca b AaabHeflnieM. Ero npenMymeCT- 
BOM, B„ H 3 CTHOCTH, HBAaeTCa TO, HTO BeKTOpsas 
AHarpaMMa nepBHHHbix tokob Tpex(J)a3HOň uena 
CAyacHT b to ace BpeMa h AwarpaMMoň BTopHHHbix 
TOKOB. 

Hnace paccMaTpHBaioTca caeAy-iomHe ocHOBHbie 
cxeMbi COeAHHeHHfl TpaHC^opMaTopoB TOKa H 
pe^e: 1) 3Be3Aa; 2) HenoaHaa 3Be3A3; 3) TpaHC<})op- 
MaTopu TOKa b TpeyroAbHHK, a peae b 3Be3Ay; 
4) Ha pa3HOCTb tokob Aayx (J)a3; 5) Ha (JiHAbTp 
tokob HyaeBoň nocAeAOBaTeAbHOCTH. 

CxeMa coeAHHeHHH TpaHc4>opMaTOpoB TOKa 
h pejie b 3Be3Ay (4>Hr. 11,43). CxeMa ocymecTBJía- 
eTca TpeMH TpaHctjaopMaTopaMH TOKa, B^iroHaeMbi- 
mh b <J)a3bi A, B h C 3 amHmaeMoů TpexcpasHoň 
nenn, h TpeMH peae, o6motkh kotophx npHCO- 

eAHHHKJTCH COOTBeTCTBeHHO Ha BTOpHHHbie 33/KH- 
Mbl TpaHC(J)OpMaTOpOB. TaKHM o6pa30M npH AK) 6 bIX 
BHAax noBpe>KAeHHfl peae nnTaioTCH tok3mh i A , 
Íb H ic, nponOpnHOHaAbHblMH TOK3M 4í»/bH/c 
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(npH OTCyTCTBHH HaCbímeHHH TpaHC(í)OpMaTOpOB). 

no Hy^ieBOMy npoBOAy cxeMbi BTopHHHbie tokh 
3 aMUKaioTCíi npH noBpencAeHHHX, conpoBOJKAaio- 
UIHXCH TOK3MH HyACBOň nOCJieAOBaTeVlbHOCTH B 
3aiu,HmaeMOM yuacTxe. Ilpn BbinoAHeHHH Toň xce 
cxeMU 0e3 HyjieBoro npoBOAa ((jmr. 11,44) b stom 
oiynae, HanpHMep, npH 0AH0<|)a3H0M 33 MbixaHHH 



BecbMa HajeacHO, Tax xax cpaĎaTbiBaioT, xax npa- 
bhao, no MeHbmeň Mepe, peAe AByx <j>a3. 

CxeMa 9Ta npHMeHaeTCH b cěthx c nioóbiK 
xapaKTepoM 3a3eMAeHHa HyAeBHX Tonex. Ee cyme- 

CTBeHHHMH HeAOCTaTKaMH HBA3K)TCH OTHOCHTe^b- 
HO ĎOAbHiaH CTOHMOCTb H nOTpeĎHOCTb B 3H3HH- 
T 6 JIbHOM KOAHHeCTBe OĎOpyAOBaHHH A/ia yCT3HOB" 
xn TpaHC^opMaTopoB Toxa n peae bo Bcex Tpex 
(|)a3ax. nosTOMy b ceTax c MaabíMH tok3mh 
33MbixaHHa Ha 3eMAio (ocoóchho b MeHee otbct- 
CTBeHHHX pacnpeae^HTeabHbix ceTax HanpjDxeHB- 
eM 3— 10xV)o6bmHO npnMeHaeTca óojiee Aeme- 
Baa cxeMa HenonHOfi 3Be3Abi hah BX^roaeHHa pene 
Ha p33HOCTb TOXOB AByX 

CxeMa coeAHHeHHň TpaHC(|>opMaTOpOB Toxa 
h pejie b HenojiHyK) 3Be3Ay (<f)Hr 11,46). CxeMa 
COCTOHT H3 AByX TpaHC(j)OpMaTOpOB TOKa, BKAIO- 
aeHHbix b xaxne-aHÓo ABe (})a3bi chctcmh (Ha¬ 
npHMep, A h C), n AByx peae, BK,/iK>qeHHbix coot- 
BeTCTBeHHO Ha HX BTOpHHHbie TOKH. TaxHM 06 - 


Ha 3eM^ix) (j)a3H B HopMa^bHoro nym a-kb 3aMbi- 
k 3 hhh íb noBpeacAeHHOň <f>a3bi HeT. Tox CMčaceT 
3 aMHxaTbca Tonbxo nepe3 BTOpnaHbie oďmotkh 
T paHC^opMaTopoB Toxa 4>a3 A h C, xoTopbie 
npeACTaBAsuoT abh Hero BecbMa ĎOAbiuoe conpo- 
THB^eHne. nosTOMy TpaHC^opMaTop Toxa $a3U B 

oxajxeTca HeAonycTHMO neperpý- _ 

xceHHHM, ero xoac^HUHeHT TpaHc- X' 
(JjopMauHH HeaonycTHMO HCxaaxeH- í \ 

hwm h 3auiHTa, BunoaHeHHaa no I ^ ~ 

cxeMe <Jmr. II, 44, momcct He oóec- \ 
neaHTb npaBH^bHoro OTX^noaeHHa 
nOBpeacAeHHa. 

CaeayeT OTMeTHTb, hto HyneBoň npoBOA b 
cxeMe 3 Be 3 a,Bi HeodxoAHM abh ceTeň AioCoro BHAa, 
B TOM HHCae C MaablMH TOXaMH 33 MbIKaHHH Ha 
3eMaio ( 3 a 3 eMaeHHbix aepe3 BbicoxooMHbie conpo 


pa30M b 9to 8 cxeMe npn Jix)6bix. bhabx nospeac- 
4 6 C 


ÍlL 


THB^ieHHH h HMetáujHX H3oaHpOB3HHyio HyAeByx) 
TOaxy). Š^H nocaeAHero THna ceTeň yxa3aHHoe 
TpeĎOBaHHe onpea.eaaeTca ABOňHHMH 3aMbixaHHa- 
mh Ha 3eM^io. XleňCTBHTeabHO, npH ahoůhom 


Onr. 11,45. Pa6oTa MaKcuMa^bnoft tokoboS 3a iuhtu B'pa- 
AHa«bHoň ceTH npH abohhóm saMUKaHHH ua 3eMJiro Ha jih- 

HH»X. 


33MbIXaHHH Ha 3eMAÍO Ha AByX AHHHHXj OTXOAHUtHX 
ot cóopHbix uihh CT3HUHH, HMerouieň, HanpHMep, 
H 30 AHp 0 B 3 HHyX) HyAeByiO TOHKy (4>Hr. II, 45), B 
KaHCAOH H3 AHHHň TOX ĎyAĚT TOAbXO B OAHOň 

<J>a 3 e, xax npn OAHO<i)a3HHX 3aMbixaHHHX. B cbh 3H 
c 9 thm npn OTCyTCTBHH HyneBoro npoBona 3anxHTu 
MoryT He noneňCTBOBaTb, hto npHBenoT x otkjik)- 
HeHHio reHepaTopoB ct3hahh. 

PaccMaTpuBaeMaa cxeMa coeAHHeHHň b 3Be3Ay 
oČAanaeT cnenyioniHMH aoctohhctb3mh: 



1) pearnpyeT Ha Bce bham noBpeHcneHHň, 
conpoBO>KAaiomHecH TOxaMH SonbuiHMH, neM i p . m 
3amHTbi, Tax xax HMeeT Tpex<J)a3Hoe BunoAHeHHe; 

2) oAHHaxoBO qyBCTBHTeAbHa xo BceM bhasm 
nOBpeacACHHň, Tax xax Ha ee pe^e AeflcTByioT 
nOAHbie BTopnqHbie tokh TpaHc4>opMaTOpOB Toxa; 

3) npn 33MbixaHHH MencAy 4>a3aMH abSctbyiot 


4>Hr. 11,46. CxeMa coeflmienHfi TpaHc<})opMaTOpOB tok;i k 
peae b HenoaHyio 3Be3ay. 

AeHnfl peAe nHTaioTca ToxaMH ía h ic, nponop- 

UHOHaAbHblMH ÍA H /c* 

Tox íh npH yxa 3 aHHOM A^ia Hero CTpeAxoň 
ycAOBHOM noAOJKHTeAbHOM HanpaBAeHHH onpeAe- 

5? 



jiHeTca Ha ocHOBaHHH 3aKOHa Knpxro^a ajiu toh- 
kh k : 

ÍH=-(i A +ic), (11,30) 

t. e. oh pa^eH reoMeTpnHecKofi cvmmo btophh- 
HHX TOKOb' TpaHC<Í)OpMaTOpOB, B3HTOfi C odpaT- 
HblM 3H^KOM. B H3CTHOCTH npH CHMMCTpHHHOM 
33MbIKaHHH MOK^y TpeMH <J)a3aMH VUlYl HOpMaflb- 
HOň padoTe ero aócojHOTHaa Be^iHHHHa paBHa to- 
Ky b <|)a3e, a HanpaBneHHe coBna^aeT c BeKTO- 
poM Toi<a $a3bi B, He HMeiomeB TpaHC(j)opMaTopa 
((J)Hr. 11,47). TaKHM odpa30M Hy.neBOft npoBo# rpe- 


roň CTOpOHbl, npH ABOfiHOM 33MbIKaHHH Ha 3eMfliO 
(4)Hr. II, 49), Koi\aa nepBoe mccto noBpe>K,a.eHHH 
pacnoao)KeHo Ha d>a3e B b TOHKe M oahoB nu- 
hhh, a BTOpoe MecTO noBpeacaeHHH Ha <f>a3e C 
b TOHKe N Apyroft .hhhhh, npn cxeMe Heno^HOň 

3Be3AbI OTKJIIOHaeTCH TOflbKO OflHO MeCTO nOB- 

pexcAeHHH b TOHKe N Ha toB <})a3e C, rj,e ycTa- 
HQB;ieH TpaHC(J»opMaTop TOKa. Biopoe MecTO no- 
BpeacAeHHH b TOHKe M MoaceT npn stom, Hanpn- 
Mep, 3a caeT noracaHHH AyrH, caMoaHKBHAUpo- 
BaTbCH. 



Onr. 11,48. PaSoia cxeMu Heno.iHofi 3Be3ZU>i npH abohhom 3awbiKaHHH Ha 
3eMaio b paanaJibHoft ceTH c ootoctopohhhm nHTaHHeM, HMetomeň n30JiHpo- 

BaHHyio HyaeByio TOHKy. 


<í>Hr. 11,47. BeKTopHas: aiiarpaMMa nep- 

BHHHblX H BTOpHHHHX TOKOB CXeMbl 

4>Hr. II, 46 npH chmmctphhhom 3aMUKaHHH 
MeiKjiy TpeMH $a3aMH. 

dyeTCH 3Aecb yxce a;ih npaBHHbHofi padoTbi cxe- 
Mbl H npH MeHCAy<t>a3HUX 3aMHKaHHHX. 

npH 33MbIKaHHHX MeHCAy TpeMH 4>a3aMH H.HH 

Meacay TeMH AByMH, Ha kotophx ycTaHOBneHbí 
TpaHc4>opMaTopbi, b cxeMe padoTaioT n.Ba pe;ie. 
npH AByX(J)a3HUX 33MbIKaHHHX MexC^y OflHOfi H3 

4>a3 c TpaHC<i>opMaTopaMH Tona h TpeTbeň 4>a- 
30ň paóoTaeT TOHbKO oaho pejie. řípu oa.Ho4)a3- 
hhx 3aMHKaHHHX Ha 4>a3e, He HMeiomeB TpaHC- 
4>opMaTopa TOKa, a TaKxce npH HeKOTopbix aboB- 
Hbix 3aMbiK3HHHX Ha 3eM^ro, HanpHMep, 4> a3 B 0 
C b TOHKax M h N (<J)Hr. II, 48), cxeMa He pado- 
TaeT h AO^xceH OTK^ronaTbCH 'hctohhhk nHTaHHH. 
B yKa33HHOM cnynae aboBhoto 3aMbiKaHHH Ha 3eM- 
jno npH ycTaHOBKe cxeMbi coeAHHeHHfi b 3Be3ay 
33EHHTa JIHBhB OTKHIOHHT 3aMbIK3HHe Ha 3eM.HK) 

b cj)a3e B. nočně stoto 3aMHKaHHe Ha 3eMHio b 
4>a3e C Ha uiHHax ct3hhhh Mor^o 6 m noracHyTb 
h reHepaTop ocTa^ica du b padoTe. TaKHM od- 
pa30M cxeMa HenonHoB 3Be3.abi He npHroaHa ajih 
33’U,HTbI OT OaHO(})a3HbIX 3aMblKaHHfi Ha 3CM.HK) H 
MOxceT HecoBepuieHHO padoTaTb npH yK33aHHOM 
cjiynae aboBhoto 33MbiK3HHH Ha 3eM^io. 

O^HaKO noc^eflHafl cnyqaB noBpe)Kí(eHHH (o£- 
ho 3aMbiK3HHe Ha hhhhh, BTopoe Ha uiHHax) 
npaKTHHeCKH HBJIHeTCH Ma^OBepOHTHblM. C Apy- 
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<řnr. 11,49. PaSoTa cxeMU Henojmoň 3Be3,nbi npn aboííhom 
3aMuKaHHH Ha 3eMaio b paaiia.nbHofí ceTH, Koraa tomkh no- 
BpeacaeHHH pacnoaoHceHM Ha jihiihsx pa3Hbix nanpaBjíenHH. 

Rji h odecneneHHH Tanoró aeBcTBHH cxeMU ne- 
OdxOAHMa, KOHeHHO, yCT3HOBKa TpaHC(|)OpMaTOpOB 
TOKa Bcex aneMeHTOB CHCTeMbi aaHHoro Ha- 

npaaceHHH b oahohmchhhx 4>a3ax, HanpHMep AuC. 

npn cxeMe HenojiHofl 3Be3Abi npn tbkhx aboB- 
hhx 3aMbiKaHHHX Ha 3eMHio OTK^iionaeTCH npHMep- 
ho b 66 % Bcex cnynaeB TonbKO oaho mccto 
noBpexcAeHHH. npn cxeMe xce noHHoB 3Be3^bi de3 
cneuna^bHbix d^OKnpoBOK OTKJHonaiOTCH odaMec- 
Ta noBpesKfleHHH, b pn^e CHynaeB de3 AOCTaTon- 
HOB 3TOrO HeodxOAHMOCTH. 

CxeMa HenonHOfi 3Be3^u b ceTHX c Haiviyxo 
3a3eMJieHHHMH HyneBMMH TOHK3MH MOXCeT dbITb 

peKOMeHaoBaHa o.jiu 3amHTbi TOHbKO ot mhoto- 
4>a3Hbix 3aMbiKaHHfl. CxeMa hihpoko npHMeHaeTCH 



TaioKe b ceTHX 35 kV h HHxce, paóoTaiomHx c 
Ma^IblMH TOK3MH 3aMbIKaHHH Ha 3eMJIK). 0«flHaKO B 
3thx ceTHx (ocoóeHHO c HanpnHceHHeM 10 kV h 
HHxce) b pfl^e cjiynaeB ue;iecoo6pa3HO Hcno^ib- 
30BaTb cxeMy c oahhm pe^ie, BKjnoneHHbíM Ha 
pa3HOCTb tokob jiByx cf)a3, KaK TpeĎyiomyio eme 
MeHbniero KOjmqecTBa pejiežHoro o6opy;i;oBaHHH. 

CxeMa coeaHHeHH^ TpaHC(f)QpMaTOpOB TOKa 
b TpeyrojibHHK h tokobmx oómotok pejie b 
3Be3jiy (cfmr. II, 50). CxeMa ocymecTBJíaeTca Tpe- 
MH TpaHC(J)OpMaTOpaMH TOKa, BTOpHHHbie OÓMOTKH 
KOTOpbIX COeAHHeHbl B TpeyrOJIbHHK, H TpeMH 

pe^e, coe^HHeHHbíMH b 3Be3flty. 



4>ht. 11,50; CxeMa coeflHHeHHH 
TpaHC({)OpMaTOpOB TOKa B Tpe- 
yrOJIbHHK H TOKOBblX OČMOTOK 

pejie b 3Be3^y. 


Tokh qepe3 pejie í A b, íbc h íqa onpeAejunoTCH 
na ocHOBaHHH nepBoro 3aKOHa Knpxro^a jinn to- 
Mex h : 

íab~ía — íb] (II, 31) 

íbc ” íb — ic\ (II, 32) 

íca — ic — ÍA • (II, 33) 


MoxceT OTKa3aTb b .aeňCTBHH hjih npH orpaHH- 
qeHHO-3aBHCHMbix xapaKTepwCTHKax 3aTHHyTb Bpe- 
MH OTKJIIOqeHHH nOBpeHC.fl.eHHH. 

0'TJIHqHTeJIbHOň OCOĎeHHOCTbIO CXeMbl HBJIH- 
eTCH to, hto OHa He pearnpyeT Ha cjiaraiomne 
HyjieBož nocjieAOBaTejibHocTH tokob noBpexcAe- 

HHH. O0l>HCHHeTCH 9T0 TeM, HTO TOKH HyJieBOH 
nocjieAOsaTejibHocTH HMeiOT OAHHaKOByio Bejm- 
qHHy h <|>a3y bo Bcex Tpex ápasBx CHCTeMbi. rio- 


aTOMy hx pa3H0CTb, nonafl,aiomaH b pe^e, paBHa 
uyjuo H OHH IXHpKyJIHpyiOT B 33MKHyTOM Tpe- 
yrOJIbHHKe BTOpHqHbIX OĎMOTOK TpaHC{|)OpMaTOpOB 


TOKa, HHKyAa 


Hero 



He BblXO^H. 

B CBH3H C yKa3aHHbIMH 
CBOHCTBaMH cxeMbi ee 
npHMeHeHHe mhkch- 

Ma^bHOň TOKOBOň 3amHTbI 
OrpaHHqHBaSTCH TO.flbKO 
tomh cjiyqanMH, Kor^a 
coe^HHeHHe TpaHC(|>opMa- 
TOpOB B TpeyrOJIbHHK 


tn-m 





tř 


4>Hr. 11,51. BeKTOpnaa anarpaMMa 
nepBHMHUX H BTOpHqHbIX TOKOB 
cxeMbi $ht. II, 50 npH ciiMMeipnq- 
hom 3aMbiKaHHH Meatny TpeMa 
4>a3aMH. 


Ohh npeacTaB^HioT codofi TaKHM odpa 30 M reo- 
MeTpnqecKHe pa3HOCTH tokob AByx (J)a3, b cbh3h 
c qeM h cxeMa~coe^HHeHHň Ha3biBaeTca BKAioqe- 
HHeM Ha pa3ftOCTb TOKOB. 

npHHHMaa bo BHHMaHHe xapaKTep BeKTopHbix 
AnarpaMM tokob npH- pa3Hbix BHAax noBpexcAe- 
HHft h npHBeAeHHbie Bbíme BbipaxceHHH tokob b 
peAe, bhahm, hto cxeMa odAaAaeT HeoAHHaKOBofi 

HyBCTBHTeAbHOCTbK) K pa3AHHHbIM BHA3M nOBpeMC- 
AeHHň. npH CHMMeTpHHHblX TpeX<J)a3HbIX 3aMbIKa- 
Hhax tokh b peAe (<j)Hr. II, 51) b ]/H pa 3 doAb- 
me tokob TpaHC(J)opMaTOpOB: 

Íab — Íbc = Íca — j/" 3 i a (II, 34) 

npH 33MbiKaHHax Mexcay AByMH 4)a3aMH, Ha- 
npHMep, B h C, HaHÓOAbHiHň tok b peAe b ABa 
pa3a doAbine TOíca b $a3e: í A b = — íb , Íbc = 2Íb , 
Íca = ÍC • npH 0AH0(J)a3H0M 3aMbIK3HHH Ha 3eMAK> 
b paAnaAbHoft ceTH MaKCHMaabHbiS tok b peAe 
ne npeBocxoAHT TOKa b 4>a3e: íab = ía , íbc~ 0, 
ÍCA = —i A• ip. m AO^IJKeH BHÓHpaTbCH no MaKCHMaAb- 
HOMy padoneMy TOKy, KOTOpbiň b P a3 dc>Ab- 

Uie 4J a 3HOrO TOKa. npH OAHO(J)a3HHX 33MbIKaHHHX 
tok nepe3 peAe paBeH 4>a3HOMy TOKy h 3amHTa 


AaeT B03MOHCHOCTb npeAOTBpaTHTb HertpaBHAb- 
Hyio padoTy 3aiiiHTbi noA BAHaHHeM tokob Hy- 
AeBOft nocAeAOBaTeAbHOCTH. noAodHbiň CAyqaft 
npeACTaBAeH, HanpHMep, Ha 4 >ht. 11,52, rAe ot 

UIHH nOACTaHHHH OTXOAHT HeCKOAbKO paAHaAbHbIX 
AHHHft, OAHa H3 KOTOpbIX nHTaeT nOHHACaiOmHň 
TpaHC(|)OpMaTOp C 3a3eMAeHHOft HyAeBOň TOHKOft. 
npH OAHO(J)a3HOM 3aMbiKaHHH Ha 3eMAio Ha APyroft 
AHHHH 3a3eMAeHHUň TpaHC(})OpMaTOp OdyCAOBAH- 
BaeT bo Bcex Tpex <J>a3ax CBoeň ahhhh paBHbťe 
no BeAHHHHe h HanpaBAeHHio tokh HyAeBOň no- 
^leAOBaTeAbHOCTH (cm. TaKxce'4>Hr. 1,9). 3 íth tokh 

ápn AOCTaTOHHOň BeAHHHHe H KaKOň-AHdo HHO0 
cxeMe coeAHHeHHŘ 3am,HTbi motah dbi npHBecTH 
b AeficTBHe 3anxHTy HenoBpesKACHHOň ahhhh, nn- 
Taiomeň TpaHc4)opMaTop,'H Bbi3BaTb ee HeceAeK- 
THBHoe OTKAioqeHHe. ripn paccMaTpHBaeMoft cxe¬ 
Me coeAHHeHHň tokh HyAeBOň nocAeAOBaTeAbHO- 
cth b peAe He nonaAyT h 3amHTa HenpaBHAbHO 
cpadoTaTb He CMoaceT. 

CxeMa coeAHHeHHH TpaHC^iopMaTopoB TOKa 
Asyx 4>as h peae Ha pa3HOCTb tokob (4>ht. 11,53). 
CxeMa ocymec-TBAaeTca AByMa TpaHccJiopMaTopa- 

MH TOKa, BKAK)HeHHbIMH B I<aKHe-AHdO ABe (J)a3bl 
CHCTeMbi (HanpHMep, A h C), h oahhm peAe. 
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Kan h Arta npeAHAymeň cxeMbi, tok nepe3 
perte npn npaHHTOM ArtH Hero ycrtOBHOM norto- 
aCHTertbHOM HanpaBrteHHH 

íac 1a ic • 35) 

TaKHM o6pa30M paccMaTpHBaeMaa cxeMa h npn 
pa3^Hmibix BH^ax noBpe>K^eHHň oórtaAaeT HeoAH- 
HaKOBoň MyBCTBHTe^bHOCTbio, KOTopaa xapai<Te- 
p«3yeTca Arta crtyaaeB Tpex<J)a3Horo 3aMHKaHHa, 
AByx4»a3Horo 3aMMKaHHa MeacAy <J ,a3aMH c TpaH- 
C(J)opMaTopaMH h AByx$a3Horo 3aMbiK3HHa Meac- 
AV 4>a30íi c TpaHC(j)opMaTopoM h TpeTbefl 4>a3oň 
OTHOiueHHeM y 3: 2:1. 

ABC 


cayaae, KorAa cxeMa ncnortb 3 yeTca He TOrtbKo 
Arta 3aiu,HTbi Apyrnx ahhhA, ho h Arta 3amHTbi 
TpaHc4>opMaTopa hah AoaacHa AeňCTBOBarb xax 
pe3epBHaa npa OTKa3e cooTBeTCTByromHx 3amHT 
TpaHc4>opMaTopa. 

J 
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On«. 11,53. CxeMa coeflHHeHHa 
TpancijiOpMaTopoB toio AByx 4>a3 
h pejie Ha pa3H0CTb tokob. 


<S>nr. 11,52. CHCTewa, 
b KOTopoři MOiKer OKa- 
3aTbca ne.iecooópas- 
HbiM npHMeiieHHe cxe- 

MU 3aipMTbI C COeflHHeHHGM TpaHC(J>OpMaTOp OB 
Toxa b TpeyroabHHK. 


i = <~i =0 

>00 


řípa OAHO(J)a3Hux 3aMbiKaHHax Ha 3eMrtio 4>a- 
3H, He HMeiomeft TpaHC<f)opMaTopa, a Taxace npH 
HeKOTOpbIX BHAaX ABOflHbIX 3aMbIKaHHft Ha 3eMrttO, 
HanpHMep, no <j)Hr. II. 48 cxeMa MoateT He Aeň* 

CTBOB3Tb. 

HeAOcraTKOM cxeMU aBaaeTca B03M0ECH0CTb 
OTKa3a ot AeňCTBHa npn AByx<|)a3HHX 3aMbiKa- 
, HHHX 3a CHrtOBblMH TpaHc<j)opMaTopaMH, HMeiomH- 
mh coeAHHeHne oďmotoií 3Be3Aa-TpeyroabHHK. 
PaccMOTpHM paSoTy cxeMH, yeraHOBrteHHOň Ha 
ahhhh, nHTaiomeň TpaHC<j)opMaTop, hmckhiuiB co- 

eAHHeHHe-oĎMOTOK Y/A—(4>Hr. II, 54). ripn 3a- 

MbiKaHHH Ha cíopoHe TpeyroabHHKa TpaHC(J>op- 
MaTopa (HanpHMep, MeacAy <J>a3aMH a h e) mm no- 
AynHM co CTopoHH 3Be3Abi b <})a3ax A h C OAHHa- 
KOBbie no BeAHHHHe h HanpaBrteHHio tokh I3, ko- 
Topbie, cyMMHpyacb b HyrteBOň TOHKe TpaHC<j)Op- 
MaTOpa, AaiOT yABoeHHbiň tok b <|>a3e B. PaBeH- 
ctbo Ia h Ic onpeAertaeTCa tcm, hto ohh nponop- 

HH0H3rtbHbl *TOK3M B COOTBeTCTByK)IU,HX CTOpOHaX 
Tpeyro^ibHHKa, KOTopbie 3a cneT OTcyTCTBHa Tona 
b HenoBpeacACHnoň 4>a3e C paBHM Apyr Apyry 
H COCT3BAHK)T OAHy TpeTb I' 3 . B pe3yrtbTaTe 
npn ycTaHOBKe TpaHC(J)opMaTOpOB TOKa b <J)a3ax 
A H C rtHHHH TOK B perte OKaateTCa paBHblM HyrtK) 
h 3amHTa hč noAeňCTByeT. A MeacAy TeM ee Aefi- 
CTBHe MOJKeT ÓbITb HeoĎXOAHMO, HanpHMep, B TOM 
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CxeMa c BKrtioqeHHeM 
perte Ha pa3H0CTb tokob 
AB yx cf>a3 HBrtaeTCH Me- 
Hee coBepineHHoň, neM 
cxeMa HeijortHoft 3Be3- 
am. Oah3ko ee npHMe- 
HeHHe Artfl MaKCHMartb- 
HOň TOKOBOft 3amHTbř 
OT MHOrO(j)a3HbIX 3aMU- 
K3HHH IHHpOKO peKOMeH- 
AysTca b nertHX skohomhh perte b pacnpeAertH- 
TertbHHX ceTHX HanpaaceHHeM 10 kV h Hnace, rAe 
npHBeAeHHbie Bbirne HeAOCTaTKH cxeMbi He HBrta- 
lOTCH CymeCTBeHHblMH H, B qaCTHOCTH, CHHTaeTCH 
AOnyCTHMblM He pe3epBHpOBaTb 3auiHT3MH rtHHHa 
3aiAHTbI nOHHHtaiOmHX TpaHC4)OpMaTOpOB, HMeiO, 
mHX coeAHHeHne oómotok 3Be3Aa-TpeyrortbHHK. 



4>hi\ II, 54. Crtyiaft OTicasa b ^eHCTBHii aamiiTbi, BKaioMeimoň 
Ha pa3HOCTb tokob AByx 4>a3 npH AByx(jsa3HOM 3aMbiKamiii 
3 a TpaHC^opMaTopoM, HMeiouiHM coeAHHeHHeo6MOTOK3Be3Aa- 
‘ TpeyrojibHHK. 

npH HCnOrtb30B3HHH ArtH OCymeCTBrteHHH 3a- 

niHTbi perte THna 3T X3M3 (rrt. II, §6) BO3M0a<H0 
BbinortHeHHe óortee cOBepuieHHOň cxeMbi c oahmm 
perte, ABe nortOBHHbí oómotkh KOToporo pa3ACrtb- 
ho BKrtionaioTCH Ha TpaHc4)opMaropbi TOKa. Taxaa 
cxeMa AeňcTByeT npn noBpe.acAeHnax 3a TpaHC- 

4)opMaTopaMH c coeAHHeHneM oómotok Y / A h 

HMeeT MeHbniHe KOrteĎaHHH qyccTBHTertbHOCTH 

(cm. rrt. VII, § 7) 



CxeMa coejiHHeHHfl TpaHCcfropMaTopQB Tona 
m pejíe Ha ^)HJibTp tokob HyjieBOíl nocJieAOBa- 
TejíbHť CTH (cxeMa rojibMrpHHa, II, 55), Cxe¬ 
Ma ocyiuecTB./iaeTCfl TpeMH TpaHC(j)OpM,aTopaMH 
TOKa, BTOpHHHbie OÓMOTKH KOTOpbIX COe&HHHIOT- 
Cfl OA^CHMeHHblMH KOHIÍ3MH H H K B £Be 3Be3AbI, 

h oakhm pe^e, npHKjno^aeMbiM k nyjieBbíM to^- 
KaM 3THX 3Be3A. 

ip npk npHHaTOM jiJin Hero noji02KHTe;ibHOM 
HanpaeJieHHH onpenejifleTÓH coiviacHO nepBOMy 
saiíóny Knpxroéa aah tohkh h 

ip =^= {i a -J- Íb + ic )., (II, 36) 


oTHomeHHe ^ n m npeACTaBjííieT co6oft kos- 
8 

<j)HUHeHT TpaHC<í»OpMaU.HH TpaHC4)OpMaTOpOB TO¬ 
Ka, a cyMMa I H a» a + ha M B + i Han c, OTHeceHHaa K 
HHCJly BHTKOB BTOpHMHOÉ OÓMOTKH, Ha3blBaeTCH 

tokom Heóajianca h o6o3Ha<iaeTca w,t. e. 

Íh6 == (Jmm A “f" Ihom B “(~ h.aM C ) (H, 40) 

CjieAOBaTejibHo, 

-ino. (11.41) 
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<í>Kr. I r ,o5. CxeMa coejXH&eHHH 
Tpanc(})OpMaTopoB TOKa h peae Ha 
4>HjjbTp tokob HyjieBoS nocjieao- 
BaTejibHOCTH (cxeMa TojibMrpHHaJ. 



11.57. Co^eTanHe cxeMbi coejnnHeHHH b 3Be3jiy 

C (J)HJIbTpOM TOKOB HyJieBOň nOCJieAOBaTeJIbHOCTH. 



3>hi\ 11,56. CxeMa 3aMemeHHH TpaHC(J)opMaTOpa Toxac npH- 
COeAHHeHHOH KO BTOpHqHOIi OČMOTKO HarpV3K0H Z Hazp . 

BTOpH^Hblň TOK TpaHCípOpMaTOpa TOKa i co- 
iviacHO cxeMbi ero 3aMemeHHH ((Jmr, 11 , 56 ) paBeH 
reOMeTpuqecKOH pa3HOCTH nepBHHHoro TOKa 1* h 

TCKa HaMaruHqHBaHHH I HaM , npHBeAeHHbix k Hnc^iy 

BHTKOB BTOpHHHOft OÓMOTKH W e 

i - /' - I'*om = ^ (/ -Ímom). (II, 37 ) 

Tok b pejíe, npHHHMan bo BHHMaHHe Bupaace- 
HHe ( 11 , 36 ) h ( 11 , 37 ): 

h “ + Íb-^Íc) — • (Ihom A + 

Í HOM B I HCtM C)* (H. 38) 

Ho cyMMa 

/a+/b + /c= 3 / 0 , ( 11 , 39 ) 


řípa HopMaAbHoň pa6oTe h 3aMbiKamiHX mok- 
X y (J)a3aMH 7 C =0 pe^e HarpyaceHo TOAbKO otho- 
CHTejibHO BeCbMa HefioAbuiHM tokom i H s h cxeMa 
He .aeflCTByeT. ripn 3aMbiKaHHax Ha 3eM./iK> tokh 
b (j>a3ax HMeioT cAaraiomHe Hy^eBoň noc.ne.aoBa- 

TGJIbHOCTH, KOTOpHe aaiOT COOTBeTCTByiOmHň 

tok nepe3 pe.ne, 3acTaB./iflK>mHft ero cpačoTaTb. 
Ochobhhm npeHMymecTBOM cxeMbi aB^aeTca ee 
BHCOKaa qyBCTBHTeAbHOCTb, oĎycAOBJíeHHaa He3a- 
BHCHMOCTbio i p ot tokob Harpy3KH (ecAH npeHe- 
6peab lnů )• riosTOMy OHa npHMeHaeTca a^a cne- 
UHaAbHblX BblCOKOHyBCTBHTeAbHbIX 3 aiUHT OT 3a- 
MbiKaHHň Ha 3eMJiio, paóoTaromnx npn HeóoAb- 
HIHX I 3 . ' 

CxeMa BKjnoHeHHH pejíe Ha (pHAbTp tokob 
H yjieBoft nocjiej,OBaTe^bHOCTH MO*eT 6biTb o6t.- 
e^HHeHa c paHee paccMOTpeHHbíMH cxeMaMH noJi- 
HOň h HenoJiHOň 3Be3iibi (43Hr. 11,43 h'4)hi\ 11,46), 
icaK to noKa3aHO Ha 4 >hi\ 11,57 h 11, 58. Tanoe 
o6T»eflHHeHHe no (|)Hr. II, 58 mnpoKO npHMeHaeTca 
Ha npaKTHKe, TaK KaK He TpeSyeT cpHAbTpa 
rpynnu OT^eAbHHX TpaHc4)opMaTopoB TOKa. He- 
flOCTaTKOM 3T0fi KOMdHHHpOBaHHOft CXeMH HBJIH- 
eTCH TOAbKO HaAHHHe HeCKOAbKO ĎOAbUIHX Í U 6 , 
hto b Ďo^bUiHHCTBe cflynaeB HecymeCTBeHHo. 

Tokh He6ajiaH.ea b cxeMe ToflbMrpHHa. Cor- 
^acHo (11,40) in6 onpeaeAaeTca reoMeTpHHecKofl 

CyMMOň TOKOB HaMarHHHHBaHHH Tpex TpaHCťpOp- 
MaTopoB TOKa, KOTopaa npaKTHnecKH flaace npH 
CHMMeTpHHHOM nepjJHHHOM TOKe HHKOrAa HyAIO 
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He paBHaeTCH 3a cneT HexoTopoň HenaeHTHqHO- 
cth MarHHTHMX xapaKTepHCTHK coqeTaeMux TpaHC- 
4>OpMaTOpOB. 

PaccMOTpHM 33BHCHMOCTb Toxa HeóaaaHca OT 
nepBHqHOro Toxa npH miaBHOM H3MeHHH nocnea- 
Hero. 

I HaM , cjiyxcamaň aJiH co3aaHHH MarHHTHOft hh- 
ayiojHH B m , nponopuHOHa^ieH yaeJibHHM aMnep- 

BHTK3M HaMarHHHHBaHHH AWyd H B COOŤBeTCTBHH 
C KpHBblMH HaMarHHqHBaHHfl TpaHC(J)OpMaTOpHOň 
CTa^H (4 >hi\ 11,59) b npeaeJiax ao HecxojibHHx 
Tbican raycc, BUpaacaeTCH npnMepHO cneayiomHM 
oópa30M: 

l HaM =k x A W ya = k 2 B m <°- 6 -°> 7 >. (II, 42) 



<í>Hr. 11,58. CoqeTaHHe cxeiubi coeAHHeHHa b Henojmyio 
3Be3ay c <} ,HJIbT P 0M tokob HyjieBoft nocjiefloBaTejibHocTH. 


H3 9T0r0 COOTHOUieHHH CJieayeT, HTO JUBa 3Ha- 
qeHHa Toxa HedajiaHca V»6 h í" H 6, cooTBeTCTByio- 
mne aByM^HaqeHHHM nepBHHHoro Toxa /' h /", cbh- 
33Hbi Mexcay co6oň ypaBHeHHeM 


l h6 — í h6 


^ /"^ ( 0 , 6 - 0 , 7 ) 


(11,44) 


HeOČXOAHMO OTMeTHTb, hto <j)opMyjia CnpaBeflJIHBa 
flJIH OCHOBHOH rapMOHHKH Í/t6, OnpefleJIfleMOH OCHOBHblMH 
rapMOHHKaMH tokob HaMarHHHHBaHHB. B I hcim coaepiKaTca 
Taoce 3HaHHTejibHbie TpeTbH rapMOHHKH, npoueHTHoe coaep- 
HcaHHe KOTOpbix B03paciaeT c yBeJiHqeHHeM Bm npHMepHO 
no jiHHefíHOMy 3aKOHy. TpeTbH rapMOHHKH I h<zm, CKJiaflbiBaacb 
b Tpex <j>a3ax apH(f)MeTHHecKH, aaioT TpeTbio rapMOHHKy i H 6 f 
C yBejiH^eHHeM Tona / tok í h61 n , B03pacTaa čojiee čbiCTpo, 
H6M í h6 j, Ha^HHaeT npeBaJinpOBaTb b nojmoM 

^6— Y^hói *+" /2 «ďIII 

npHBeAeHHOft (|)opMyjioa mohcho no;ib30BaTbCH 
npH TOKax, He npesbímaiomHx (3-^-4) HaM TpaHC(|)op- 
MaTOpOB. Íh6 H3MeHHeTCH B 3aBHCHMOCTH OT I npH 

miaBHOM H 3 MeHeHHH nocJieAHero no tbm xce 
KpHBHM HaMarH^HHBaHHH ((})Hr II, 59), B3HTbIM B 
ApyroM MacniTaóe. Zlo Hanajia HacbímeHHH MarHH- 
TonpoBo.ua i H 6 pacTeT Me^eHHee I (II, 44). C Ha- 
CTynjieHHeM HacbímeHnn oh HannHaeT pe3xo B03- 
pacTaTb (<j)Hr. II, 60). 

Ocočo ÓOJIblHHX BeJIHHHH Í H 6 AOCTHraeT npn 
nepexoAHbix npoueccax b TpaHCíjjopMaTOpax TOKa, 
HanpHMep, npn noBpexcAeHnax Ha 3amnmaeMOíl 






^wr. 11,59. 3aBHCHM0CTb MaKCHMajibHoft HHflyKUHH ot y^e^bHbix <I>Hr. H>60. 3aBHCHM0CTb Toxa HeóajiaHca b cxeMe 
aMnepBHTKOB HaMarHHHHBaHHH flJIH pa3JIHHHbIX COpTOB CTaJIH. $ HJII>T P a TOKOB HyJieBOH nOCJieflOBaTeJIbHOCTH OT 

1 — íuih_ BCTpoeHHbix TpaHC(j)opMaTopOB Toxa; II — Bcex BeJiHHHHbí njiaBHO H3MeHHeMoro nepBHHHoro Toxa. 

flpyrnx TpaHC<j)opMaTOpoB TOKa. 


Toxh HaMarHHqHBaHHH nponopuHOHa^bHM i H 6, 
B m nponopuHOHa^bHa btophhhoS a. a- c. TpaHc- 
4>opMaTopa, xoTopaa b cbok) oqepeAt nponop- 
UHOHa^bHa i, a CJie.aoBaTe.abHo, ao HacTynjieHHH 
HaCHmeHHH H I. IloSTOMy (11,42) MOXCeT 6bITb 
npeacTaBJíeHa b BHae. 

i H6 **k s /(0.6-0.7). (II, 43) 


jihhhh, 3a cqeT Ha^HHHH b Toxax noBpeacaeHHH 
cjiaraxjmHX nocTonHHoro 3Haxa h cBoóoaHbix 
anepHoanqecxHx caarax)mHX, noHBJíHKjmHXca bo 
BTO pHHHOň UenH TpaHCíflopMaTOpa (cm. HHHCe). 

npH /, paBHbIX npHMepHO HOMHHaabHOMy TOXy 
TpaHC(J)OpMaTOpOB, i„6 ĎblBaeT OÓblHHO a0CT3T0 l IH0 
Ma ji , cocTaBaaa aJiH ToaHbix TpaHC^opMaTopoB 
Toxa ot 0 ao 0,03 A. 
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B KOMĎHHHpOBaHHbIX CXeMaX 3Be3AH H 4>H^bTpa 
HyjieBOň noc^eaoBareJibHOCTH, Kax yica3biBa;iocb 
Bume, i H 6 MoryT HMeTb noBbímeHHue 3Ha>ieHHn 
no cpaBHeHHto co cxeMOň rojibMrpmía. 3 to oď^hc- 
hhstch noBbímeHHbíMH Harpy3KaMH Ha Kaac,nbiň H3 
TpaHC(})OpMaTOpOB (4»Hr. 11,57), npHBOAHIHHMH K 
yBCJiHneHHio hx I„ aM , a TaKJKe HejpaBHOMepHoň hx 
3arpy3Kofl (4>nr. 11,58), Moryweň očyc^oB^HBarb 
aono^HHTe^bHyio pa3HOCTb bcjihhhh J HaM b pa 3 Hbix 
$a3ax, a cjieaoBaTe^ibHO, h ócuibiiiee 3HaqeHHe hx 
reoMeTpHnecKofl cyMMbi, onpeAe^Hiomeft i„< 5 . 

B o6meM cjiynae Be-unnnna H o KpOMe 
haM onpeflejiaeTca cjieayioiuHM: 


TaKHM o6pa30M /' H 3 MeHneTcti bo BpeMCHH no 3aKOHy 

t 

/'= t v -f i D = 1 m . cos at — l' m . e t d 1 (II, 45) 

TOKH i K au B HyHH HaMarHHHHB3HHfl TpaHc<})opMaTopa TOKa 
H tg BO BTOPHHHOH ero uenH HaxoflflTCfl pemeHtieM ypaBHenKH: 

i hcim + h = l'\ (II, 46) 

d (Í-HCIM Íh(Im) . , 

- oři - = h (r a + r Ha2p ), (11,47 

oTKyaa, yHHTbiBaa (11,45), noayqaeM 


1) HeOflHHaKOBHM OTHOUieHHeM —— no- 

W 8 

jiyqHBiuHMCíi, HanpHMep, 3a cqeT ouihóok 
npw HaMOTKe BTopwqHUx oďmotok; 

2) H6paB6HCTBOM Hyjiio reoMeTpnqecKOH 
cyMMbi Tpex nepBHqHwx tokob npH Hop- 
MHJibHOH pačoie hjih Me)Kay4)a3Hbix 3aMbiKa- 
hhhx. 3 to MoaceT, HanpHMep, 6bUb b KOJibue 
hjih Ha AByx napajuiejibHWx Kačejinx He- 
óojibinoň npOTHXceHHOCTH ((j)Hr. II, 61). Co6- 
CTBeHHoe Heóojibuioe conpoTHBJíeHH© sthx 
K aóeJieň MoxceT 0Ka3aTbcn coH3MepHMbiM 
c R rt , HanpHMep, pa3T>ejiHHHTeJieH, b pe- 
3yjibiaie qero reoMeipHqecKHe cyMMbi 

Í 'a+Í'b + Íc h Ía+ Í'b+ i"c He 6 yW T 

paBHbí Hyjno, xoth, KOHeqHo, reoMeTpnqecKaH 

cyMMa 1 A + / B + I c = 0. 



4 


fcOjI 

! r 

a 


Jt-fysT 


<I>Hr. 11,61. PacnpeaeaeHHe tokob no oflHOHMeHHbm <})a3aM *Byx 
JieJIbHblX JIHhHH OAHHdKOBOH npOTHiKeHHOCTH. 


B COOTBeTCTBHH C 3THM flOČaBQHHbie 

cjiaraiomHe íh 6 h 3M6 hhiotch, oqeBHUHo, npo- 

IIOpUHOHaJIbHO BeJIHnHHaM BTOpHqHbIX tokob 
T paHC^OpMaTOpOB TOKa. 

HeoóxoOTMO oTMeTHTb, hto b cxeMe MoryT 
noHBjíHTbCH tokh nopHAKa (jmHoro, HanpHMep, npH, 
oĎpbiBe ó^HOň H3 $a3, napajuiejibHbix jihhhh hjih 
nepeKJiioqeHHH hx o;mo(|)a3HbiMH pas^eAHHHTejiH- 

MH. 

Tokh HaMarHHHHBaHHH TpaHccJiopMaTopoB Tona npn 
nepexoAHbix npoueccax. BcjieacTBHe BHeApeHHH b axcnjio- 

aTaUHIO ÓblCTpOAeHCTByiOmHX 3amHT B3>KHO 3H3Tb 3HaqeHHH 
h6> a caeAOBaTeabHo, h I HaM TpaHC^opMaTopoB TOKa b 
HaqaabHbie momchtu KopoTKoro 3aMbiKaHH». 


1-4+4 k 



napaji- 



Hjih paccMOTpeHHH Bonpoca Hcnojib3yeTCH cxeMa 3a- 
MemeHHH HarpyxceHHoro bo BTopnqHOH oómotkc TpaHCijiop- 
MaTopa TOKa (4>Hr. II, 62). B uejinx ynpomeHHH conpoTHBJíe- 
hhh Harpy3KH r Hazp h BTopHqHon očmotkh r e npnHHMaioTCH 
HHCTO 3KTHBHbIMH, a 3KTHBHbie nOTepH B CTaJIH He yqHTbl- 
BaioTCH. PaccMaTpHBaeTCa pačoTa HeHacwmaiomerocH npH 
KOpOTKOM 33MbIK3HHH TpaHC(j)OpMaTOpa TOKa, JXJIH KOTOpOTO 
HHflyKTHBHOCTb BCTBH H3MarHHqHB3HHH L hclm MOECeT ÓWTb 
npHHHTa nOCTOHHHOH [JI. I]. j 

ripHHHMaeM, HTO nOBpeM<A6HHe B03HHKJIO B MOMeHT, CO- 
OTBeTCTByiomHH M3KCHMyMy MTHOBeHHOrO 3H3qeHHH nepHO- 
anqecKoií cocTaBJíHiomeň i v nepBHqHoro TOKa KopoTKoro 
3aMbIK3HHH, npH 3TOM anepHOflHqeCKaH COCTaBJIHIOmaH /£), KOM- 

neHCHpyiomaH nepHO^HqecKyio cjiaraiomyio, HMeeT TaKxce 
MaKCHraajibHoe 3HaqeHHe (c})Hr. II, 63). ÍIpHHHMaeM ajih npo- 
CTOTbi, qTo i v He 3aTyxaeT, /^^ojnKHa 3 aTyxaTb c hoctohhhoh 


BpeMeHH CHCTeMH Tqi = 


Rc 


BejinqHHa 9 toS hoctohhhoh 


BpeMeHH KOJieójieTCH npHMepHo b npeaejiax 0,01 — 0,1 ceK., 
C0CT3BJIHH, HanpHMep, AJIH B03flyniHbIX BMCOKOBOJIbTHWX JIH¬ 
HHH 0,01 — 0,03 ceK. h noBHinancb ajih MomHbix TpaHC^op- 
MaTopoB a o 0,08 ceK. [JI. 2]. 


<í>Hr. 11,62. ynpomeHHan cxeMa 3aMemeHHH TpaHc^opMaiopa 

TOKa. 


Íhom = cos — S) cos 8 1 m — cos 2 1 

t 


T P1 /' e 
T D2 -T D1 ,m<t 


, D l 


T P\ t' 

T m -T D1 ' Jme 




(11,48) 


r^e Td2 — nocTOHHHan BpeMeHH BTOpHqHOH uenn, paBHaa 


a yroji 

8 =arccos 


rp £HÚM 

* D2 " f I r S 
r e^T r uazp 

_ r e “4~ r uazp _ 

/ (co L Haj ^ + (r e + r H azpí 2 


= arclg <0 T m . 


AHajiH3Hpyn BMpaHceHne (II, 48), mohcho ycTaHOBHTb CJie- 
^yiomee: 

1. TpaHc4>opMaTOpoM TOKa TpaHc^opMHpyeTCH KaK ne- 
pHOAHqecKan, Tax h anepHO^HqecKaH cocTaBJíniomHe nepBHq- 
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moro TOKa, TaK KaK anepHOflHqacKan cocTaBnaiomafl, xoth h 

HM66T nOCTOHHHblH 3HaK, HO BČe ke H3MeHfleTCH no BpeMeHH. 

2. ílepHOiiHqecKaH cjiaraiomasr nepBHqHoro TOKa pacnpe- 
.aejiweTCH Mencuy BTopHqnoči o6motkoh h uyhtom HaMarHH- 
HHpaHHH oópaTHO nponopmíOHaJibno conpoTHBJíeHHio BeTBeií; 
OTCiofla no:iyqaeTCH nepsán cjiaraioman BbipanceHHH TOKa 

cos(®í —ÍJ.cos S-Z^OHa npejíCTasaneT co6o8 nojnibiíl 

TOK B HiyHTe HaMarHHHHBaHHH npH HaCTynJieHHH yCTaHOBHB- 
meroca pexoma paóOTbi Tp3Hc4>opMaTopa. 

3. ÁnepiiojiHqecKaí! cocraBasi fg man nepBHqHoro TOKa 
pacnpeaejineTCH no 3aKOHý, coBepineuHO OTjmqHOMy qt pac- 


nepHOflwqecKafl cocTaBjínioman TOKa b niyHTe HaMarHH 
qHBaHHH HMeeT b HaqajibHHH momcht (t =*= 0) comacHo (II, 48 
BeJiHHHHy -f- cos 2 oj' m ; OHa KOMneHCHpyeTCH cboóoahoh ane- 
pHouHqeCKofó cocraBaa romen, BUpaiKaeMOH btophm qjieHOM 
(11,48), paBHbíM: 


— cos2 8/ m •e 





tj tčen 
OA 


~I -lm (cos Oit 



4W. 11,63. A^arpaMMa H3MeHeHH« 
BO BpeMeHH MTHOBeHHblX 3HaqeHHH 
nepBHqHoro TOKa KOpOTKoro 3aMbi- 
KaHHH (npH nOdpoeHHH npHHmo 
= 0,1 sec, 1'm = I). 


TipenejieHim cHHycoHaajibHbix tokob; ee BbiHy>K,aeHHaH caa- 
raioman b uiyHTe HaMarHHqHBaHHH npeflCTaBJíeHa TpeTbHM 
qjieHOM BbipaHceHHH (11,48) h paBHa 

t - 


Ttn 


■ I m e 

Itl 


D t 


TD2 —Td\ 

M3 paccMOTpeHHn iipHBeaeHHoro BwpaiKeHHn cjiejxyei, 
«ito anepHOflnqecKan cociaBJíniomaH pacnpeflejineTCH Mencjxy 
EeTBHMH c L h r comacHo 3aK0Hy; 

L ucim 

— 

Tm 


l De _ 


Tm 


l D uaM 


r e + r H 


(11,49) 


T. e. npOnOpUHOHaJIbHO nOCTOHHHhJM BpeMeHH BTOpHqHOH H 
nepBíiqHOÍi uenefi. 

B očmeM cayqae npH yqeTe aKTHBHoro COnpOTHBJíeHHH 
r„ aM B BeTBH C L H om H peaKTHBHOrO COnpOTHBJíeHHfl' BTOpHH- 
HOH OÓMOTKH TpaHC<j)OpMaTOpa TOKa (0 L e h Harpy3KH fúL Ha2p 
pacnpe,nejieHHe anepHOAHqecKoroxoKa HMeeT cooTBeTCTBeHHO 
oe^yroiHHři xapaKTep: 

Lučím 

ip* HaM ~ Tjn 


t 


Dhclm 


r e 4“ r uazp 


l s +l, 


(11,50) 


uazp 


Tm 


4. IIotok b MarHHTonpoBojxe TpaHC<j)opMaTOpa tona npH 
B 03 HHKH 0 BeHHH KOpOTKOTO SaMMKaHHfl Cpa3y H3MeHHTbCfl He 
MOHCeT. riOSTOMy B 33MKHyTOM KOHType TOKa, COCTOflmeM H3 
COnpOTHBJíeHHH UiyHTa HaMarHHHHBaHHH H COnpOTHBJíeHHH 
Harpy3KH, aojixcHbí noHBHTbCH CBOóoaHhie anepHOflHqecKne 
coctaBjíniomHe, KOMneHcnpyjomne paccMOTpeHRbie Bbiuie bh- 
HynciieHHbie. Ohh 3aTyxai0T c nocTOHHHofí BpeMeHH BTOpHq- 
HOÍÍ UeilH, paBHOH T d% . 

64 


yroji l b paccMaTpHBaeMOM cJiyqae 6 jih3ok k 90°, cos 5^0 ,h| 

b flaJibHeíímeM sra cjiara a i 
íoman, i<aic 6jií'3KaH k, 
Hyjno, He yMHTbiBaeica.! 

BbíHyiKiiemiaH anepH-; 
OAHqecKaji cociaBJísnomaflí 
b tom Híe myHTe (rpeiHM; 
qjieH BbipaHceHun) kom- 
neHCHpyeTCH ‘ CBoóo/uioSj 
anepHonHqecKOH cociaB-i 
jimomen, BbípaiKeHHOH qe-, 
TBepTbIM qjieHOvl COOTHO- i 

weHHfl (II, 4fi). i 

V 3 (Jwr. II, 64 cae^yeT i 
Íhom b nepexojDLHOMl 
npouecce onpeAejifleia j 

B OCHOBHOM pa3HOCTbIO j 
BbIHy>KiieHHOH H CBOÓO^-I 

hoh anepno.nHqecKHX co- 1 
CTaB^íuomnx, oóycjioBJíeH- j 
Hbix naJinqHeM anepHOflH-! 
qecKOH cjiarafomtH b nep- 
BHqHOM TOKe. nOCTOHHHaíT 
BpeMeHH BTopHqHOH uenii 1 
Tmi \KBK npaBHjio, 3HaqH- 1 
TejibHo npeBocxouHT no- 
CTOHHHVIO BpeMeHH Tj)\ 
CHdeMjbi. riosTOMV qepe3 
HeKOTOpOe BpeMfl HOCJie B03HHKHOBeHHa KOpOTKoro 3aMbIKa- 1 
hhh, H3MepneMoe oóbiqwo HecKOJibKHMH nepHOnaMH nepe- 
MeHHoro Tona qacTOTb! 50 Hz, BbíHyacneHHaíi cocTaBjmiomaíi 
b ochobhom' 3aiyxaeT h ocTaeTcn TOJibKO cBo6onHaH. oope^e* 
jimoman i Ha M , bo MHoro pa3 npeBOCXo.nHmHH ero yCTaHO- ( 
BHBuisecn 3HaqeHne. 

B aeScTBHTejibHbix ycJiOBHnx pačoTbi TpaHc^opMaTopa 
TOKa npH KOpOTKOM 33MblKaHHH MOHC6T H2CbimaibCH. 9l0 
Be.ueT k jiajibHeHuieMy pe3KOMy B03pacT3HHK> i Hom - h, Kan 
cjie^CTBHe stopo, k pe3KOMy B03pacTaHHio i Hi 5 . ťlpH stom, 
KaK cjieflyeT 11,64, i Hi 5 , k^k h i HaMt nojiyqaioT Mau- 

CHMajibHbie 3HaqeHHn He b Haqa^bHbiH M(»MeHT KOpOTKoro 
33MWKaHHfl, a HexoTopoe BpeMH cnycTa, Koraa Ha pa oraio uih ií 
ftťarHHTHHH noToic npHOÓpexaeT MaKCHMajibHyio BeJiHqHHy. 

OcymecTBJíeHHe 4> HJIbT P a tokob Hy^esoň 
nocjieapBaTejibHocTH noepeacTBOM TpaHc4>op- 
MaTOpa TOKa THna OeppaHTH (4>Hr. 11,65). TpaHC- 
^opMaTOp <řeppaHTH Bbino^HsercH b bhac CTa;ib- 
Horo cepaeMHHKa, oxBaTbiBaiomero Bce tph 4>a3u 
AaHHoň jihhiih (cpar. II, 66). Ha cepaeMHHK HaMa- 
TUBaeTca BTopHHHaa o6motk3, k KOTopofi npa- 
coea,HHHeTCH pe^e. 

iíeficTBHe TpaHCipopMaTopa OeppaHTH ocho- 
BbiBaeTca Ha HeypaBHOBenieHHOCTH MarHHTHbix 
noŤOKOB Tpex 4>a3, B03HHKaiomefl npa noBpe*- 
^eHHax, conpOBOxcaaiomHxcH noHBJíeHHeM TOKa 
/ 0 . n P H stom b MarHHTonpOBOAe TpaHCipopMaTopa 
B03HHKaeT MarHHTHblň -nOTOK, BbI3bTBaiOmHň B 

oĎMOTKe pejie cooTBeTCTByiomHň tok. 

npH 0AH0(J>a3H0M 3aMbIK3HHH Ha 3eMflK) B CeTH 
TOK nOBpexCAeHHH MOHeeT B03BpamaTbCH K 3a3eM- 






jieHHOň HyjieBoft ToqKe cHCTewH no cbhhuobwm 
oĎo^oqKaM KaK noBpeHCAeHHoro, TaK n HenoBpew- 
aeHHoro Kaóejieň. Jlnn ofiecneqeHHa AeScTBHH 
řípa 3 tom áamHTU To^bKo noBpejfc^eHHOro uaóena 
BOpOHKH IIOCJieOTHX AOJIHCHbl SbITb 3a3eM^eHH 
npoBOAOM, nponymeHHUM qepe3 TpaHC(J)opMaTop 
OeppaHTH. 3 to ofiecneqHBaeT TaKHce cpaéaTWBa- 
Hae 3amHTH npH nepeKpMTM bopohkh. 

0H4bTp TOKOB HyJieBOft nOCAeAOBaTejIbHOCTH, 
ocymecTB^eHHbiň nocpeACTBOM TpaHC<f>opwaTopa 
<I>eppaHTH, HMeeT no cpaBHeHHio co cxeMoň roAbM- 


Topa He MomeT CbiTb iieHtnie nocaeAHero no yc.no- 
bhhm TepMnqecKOfl ycToůaHBocTH) n onpeaeaaeTca 
To^bKo noflSopoM TaKoro anc^a bhtkob, KOTopoe 
npn AaHHbix conpOTHBjíeHHHx oďmotok npnííeHH- 
eMbiX pe^e oSecneqHBaeT Han6o^bmyio qyBCTBH- 
TC^ibHocTb 3aniHTU, t. e. TpeóyeT MHHHMaAbHoro 
/ 0 A^ia ee acSctbhh. noAyqaiomeecH npn stou 
yMeHbmeHne n m no cpaBHeHHio co cxeMoň ToabM- 
rpHHa AaeT B03MoxcHocTb noBbicHTb qyBCTBHTeAb- 
HOCTb 3amHTbI npH A3HHOM /, HJIH CHH3HTb J„ 
HeogxoAHMua M.JM ee ac8ctbhh. 


rpHHa cAe^yiomne ochobhhc npeHMymecTBa: 


4>Hr. II, 64. JlHarpaHua 33bhchmocth urno- 
BeHHbix 3HaqeHHfi nojiHoro Toxa HauarHH- 
xRBaHHA m ero ochobhhx cocTaBaniomHx 
TpaHc4>opuaTopa Toxa npH nepexoa- 
bom peacHMe (npn nocrpoemiH npHHATo: 
Tm=Q,l cex, T m = I cex, I m = 1 ). 



KoHCTpyKTHBHO npocToe peineHHe TpaHC<J>op- 
MaTopu <I>eppaHTH noayqaioT npn ycTaHOBKe hx 
Ha Ka6e.HHX. IloaTOity b ceTax ohh npHMeHaioTca 
TOAbKO A^a OCymeCTBAeHHH 33IIIHT OT 3aMbJKaHHft 
Ha 3 eMAio KačexbHbix ahhhB HanpaaceHHeu 10 kV 
H BHXCe. 





4>wr. 11,65. YcAOBRoe H 30 - 
6pa>KeHHe cxeMW <j>H*bTpa 
tojiob HyaeBOH nocjieAOBa- 
TejibHocTH, ocymecTBxeHHoá 
IlOCpeACTBOM TpaHC(J)OpMa- 
ropa Toi<a T«na 4>eppaimf« 


1) 3HaaHTeAbHo MeHbniHe w, 3aMUKaioniHeca 
qepe3 pe^e npn HopMa^bHoň pačoTe h 3aMbiKaHtíax 
Me*Ay (j)a3aMH. 3 to oĎ^acHaeTca TeM, hto b 
T paHc4>opMaTopax OeppaHTH cyMMHpyioTca He 
TOKH, a MarHHTHbie nOTOKH H HOTOMy OTCyTCTBVeT 
ocHOBHa^i cjiaraiomaa i H g cxeMu rojibMrpHHa, 
o6ycAOB^eHHaa cyMMoň HaMarHimHBaiomHX tokob 
T pex TpaHC^opMaTopoB TOKa; y TpaHc4»opMaTO- 
pOB OeppaHTH í h6 onpeAeAaeTca b qacTHocTH 
HecHMMeTpHeft b pacno^oxceHHH 4>a3 jihhhh otho- 
CHTejibHO ero cepAeqHHKa. B cbh 3 h c sthm, Ha- 
npHMep, b KaóejibHOM BapnaHTe TpaHC<J)opMaTopa 
npH CHMMeTpnqHOM pacnoaoxceHHH MarHHTonpo- 
BOAa oTHocHTe^ibHO och Kačena, cneuHajibHO 
OTperyjinpoBaHHOM npH ycTaHOBKe, tokh í H 6 npn 
HOpMa^ibHoň pačoTe OKasbiBaioTCH 6^H3 Khmh k 
Hyjno. 

2) Ko9(J)HUHeHT TpaHC(J)OpMaUHH n TpaHC(j)Op- 
MaTopa OeppaHTH He 33 bhcht ot Be^nqHHbí nep- 
BnqHoro TOKa (y HopiwajibHHX TpaHCťfiopMaTOpOB 
TOKa MHHHMaAbHblň OnpeAe^HeTCH paOoqHM 
tokom; nepBHqHbifl HOMHua^bHbiS tok TpaHCípopMa- 

5 PejieiiHOH 3amHTa 


12. yCAOBHfl PABOTbl 
TPAHC4>OPMATOPOB 
TOKA B CXEMAX 
3AIUHT 

Pa6oTa TpaHC<í)op- 
MaTopoB TOKa cyme- 

CTBeHHO OTJIHqaeTCH 
no CBoeMy xapaKTepy 
OT paĎOTH H3MepH- 
Te^bHbix TpaHC^op- 
MaTOpoB HanpaxceHHH 
H CHJIOBblX TpaHC(|)Op- 
MaTopoB. 3 to onpe- 
AejiáeTca c^eAyiomH- 
MH OĎCTOHTeJIbCTBa- 
mh: 

1) HMneAaHC TpaHc- 
4>opMaTopa TOKa c 
npHCoeAHHeHHoň Ha- 
rpy3Koň ^10608 Be- 
AHqHHH, npHBeACH- 



tijn/iupoBnw 

no OíTIHOLUEifUHf 

k doponke kaůejvJ 




4>Hr. 11,66. npHMeHeHHe TpaH- 
^opMaTopa <I>eppaHTH zna K* m 
ÓeJIbHOň JIHHHH. 
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HMň K qHCAy BHTKOB HepĎHMHOfl OĎMOTKH, CO- 
craBAaeT BecbMa Ma^yio BeAHqHHy no cpaBHeHHio 
c HMneAaHcaMH chctcmh (reHepaTopoB, TpaHC«J)op- 
MaTOpOB, AHHHft H Harpy3KH), nOBTOMy BeJIHHHHa 
ero nepBHHHoro Tona onpeAeAaeTca npaKTnnecKH 
TOAbKO yCflOBHHMH paĎOTH CHCTeMMJ 

2) TpaHCípopMaTopbi TOKa npaKTHHecKH paĎo- 
TaioT b peacHMe KopoTKoro 33MbiKaHHa BTOpOTHOft 
oďmotkh, TaK KaK npHcoeAHHaeMaa b Heft Ha- 
rpy3Ka a^h oĎecneqeHHa to^hocth TpaHc^opMa- 
UHH HMeeT H£3HaHHT6JIbH06 COnpOTHBAeHHe. 

PaSoTa TpaHC(J>op- 
MaTOpa TOKa b pa3- 
^nqHux peacHMax 
xapaKTepH3yeTca co- 
OTHOUieHHHMH, BblTe- 
KaiOmHMH H3 paCCMO- 
TpeHHa ero BeKTop- 
Hoň AHarpaMMbi h 
cxeMw 3aMemeHHH 
((pnr. II, 56). 

BeKTOpHan nwa- 
rpaMMa TpaHCtpop- 
MaTOpa TOKa (4>nr. 

II, 68}. 3a ocHOBy 
aji a nocTpoeHHH Bex- 
TopHoň AHarpaMMu 
npHHHMaeTca cxeMa 
3aMemeHna h 
11,67 c HaHeceHHHMH 

nojioMCHTeJibHbíMH HanpaBAeHHHMH a^eKTpnqecKHX 
BeAHqHH. 3a HCXOflHblň BblĎpaH BeKTOp TOKa i. 

yKa3aHHue Ha AHarpaMMe BeAHqHHH 03Ha- 
qaioT CJie^yiomee: u = {r H a 2 p-]rjx H a Z p)-i — Hanpa- 
XteHHe Ha 3a>KHMaX HK BTOpKAHOft OĎMOTKH, paBHOe 
naaeHHio HanpanceHHa b aKTHBHOM r H azp h peaK- 
THBHOM Xnazp COíipOTHBAeHHHX Harpy3KH. rioACf- 

HCHTe^ibHoe HanpaBJíeHHe u, Ha (pnrypax He VKa3aH- 
Hoe, npHHHTO, KaK h Bcer,aa, coBnanaiouiHM c 
no^OKHTe^ibHbíM HanpaBAeHHeM i BHe TpaHCípop- 
MaTopa TOKa; 



4>hi\ IJ,6 7. ripHHUHnHajibHasi 
cxeMa TpaHC(})OpMaTOpa TOKa 
C HaHeceHHWMH nOJIOtfCHTeJIbHH- 
MH HanpaB JieHHHMH BeKTOpOB. 


É—u-\-(r e -\-jx e )-i— 9. a- c., HHnyKTHpoBaHHaa 
bo BTopHHHOft oÓMOTKe TpaHCťpopMaTOpa, paBHaa 
HanpaaceHHK) Ha ero 3aacHMax hk, CAOHceHHOMy 
c na^eHneM HanpanceHHa bt.h x e BTOpHqHOň oď¬ 
motkh; 

£ .208 

---pe3yjibTHpyiomHft MarHHTHbift 

4,44 -JWe 


noTOK b MarHHTonpoBojie; nojioacHTe^bHoe Ha- 
npaBJíeHne *J> npHHHTo (<j)Hr. II, 67) npoTHBonoAojK- 
hmm TOMy, KOTopoe oĎbíHHO no npaBH^y niTonopa 
CBH3biBaeT no^OKHTeJibHbie HanpaBAeHHa a. a. c. 
E n h noroKa 4>, nosTOMy oh OTCTaeT ot E Ha 
yroji 90°. 

l'„ aM — TOK HaMarHHHHBaHHH, npHBefleHHblň K 
HHCJiy BHTKOB BTOpHHHOÍÍ OĎMOTKHJ BeJIHHHHa 

I' HaM onpeAeAaeTca b 3 aBHdraocTH ot <í> h raĎa- 
pHTOB MarHHTonpoBOAa no kphbhm HaMarHHHHBa- 
hhh ((jmr. 11,59); b cxeMe 3aMemeHHa oh npoxoAHT 
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aepe3 conpoTHBAeHHa h x mM OTBeTBAeHHa 

HaMarHHHHBaiomero TOKa; 

Y — yroA, Ha KOTOpuň tok V HaM onepeacaeT 
npn 3aA3HHbix noAoacHTeAbHHx HanpaBAeHHHX 
ero BejiHHHHa onpeAeAaeTca Ha ochob3hhh 33bh- 
CHMOCTH Y OT HHAyKnHH B m ((pHT. II, 69); 

I'—i-{-I' HaM —nepBHHHbiň tok, npHBeAeHHuň k 
qncjiy bhtkob BTOpHHHOň oďmotkh; onpeAeAaeT- 
ca, Hcxo^a H3 toto, hto lípa 33AaHHUx nojioacH- 


TeAbHHX HanpaBJíeHHax I-w n — iw e = I HaM • w n \ 
Ú'=É' -\- (r„'+j x' n ) i' — HanpaaceHHe Ha 3a- 
HCHMaX HK nepBHHHOň oďmotkh, paBHOe CyMMe 

9. A. c. E', B Heft HHAyKTH- 
pyeMOň, h naACHHH Hanpa- 
HteHHH B aKTHBHOM r„' H 
peaKTHBHOM X„' COnpOTH- 
BAeHHHX nepBHHHOft OĎ¬ 
MOTKH, npHBeAeHHHX k 
HHCAy BHTKOB BTOpHHHOft 
OĎMOTKH. 

PaĎOTa npn HopMaAb- 
Hoft Harpy 3 Ke btophhhoAi 
OĎMOTKH. BTOpHHHaa Ha- 



4>Hr. 11,68. BeKTopnan jnarpaMMa TpanctjiopMaTopa TOKa. 

rpy3Ka TpaHCípopMaTopoB TOKa H3MepaeTca b OMax 
hah BOAbTaMnepax npn onpeAeAeHHOM coscp. 

rioBbinieHHe Harpy3KH Ha TpaHC(popMaTop TOKa 
AOCTHraeTca yBeAHaeHHeM npHcoeAHHeHHoro k 
H eMy conpoTHBAeHHH Z Hazp =r Hazp -f jx Ha!p . OĎb- 
acHaeTca sto TeM, hto npn H3MeHeHHax Harpy3KH 
b H3BecTHbix npeAeAax, orpaHHHHBaeMMX HacTyn- 
AeHHeM HacbímeHHa MarHHTonpoBOAa, i bbhay 
He3HaqHTejibHoft BeAHqHHbí V Han ocTaeTca npax- 
THaeCKH nOCTOaHHblM. riOSTOMy MOlUHOCTb í 2 -2r Ka2p , 
OTAaBaeMaa TpaHCípopMaTopoM, pacTeT nponop- 

UHOHaAbHO Zuazp. B CBH3H C 9THM npH BKAIOqeHHH 
Ha OAHH TpaHC4)OpMaTOp.TOKa HeCKOAbKHX peAe HX 
OĎMOTKH AOAJKHbl COeAHHHTbCH nOCAeAOB3TeAbHC 

(<f>Hr. II, 70); npn stom tok npaKTnqecKH ocTaeT- 
ca TaK«M ace, KaK h npn oahom peAe. 

PaĎOTa C pa30MKHyT0ft BTOpHHHOft OĎMOTKOft. 

npn paĎOTe TpaHc^opMaTopa c pa30MKHyToft 

BTOpHqHOft OĎMOTKOft i paBeH HyAK) H BeCb / 

aB^peTca tokom HaMarHHqHBaHna. flpH stom B m , 
cočraBAaiomaa npn HopMaAbHOft paĎOTe cothh 
rayccoB, mojkct AOCTHqb BeAHqHH, H3MepaeMHx 
mhothmh TucaqaMH rayccoB. 3to npHBOAHT k 
CAeAyiouiHM HenceAaTeAbHbíM nocAeACTBHaM: 




1 . Ha 3 aacHMax BTopaqHoft oómotxh Moryt 
nOHBHTbCH BblCOXHe HanpHHCeHHH, AOCTHraromHe 
íieCaTKOB KHAOBOAbT, OnaCHHe &J 1 SI H 30 AHimH bto- 
paqHbix ueneň, paccqHTbiBaeMbix ofibiqHO HaHcnu- 
TaTe^bHoe HanpaxceHHe 2000 V, ew oócjiyacH- 
Baiomero nepcoHa^a. 

HeOĎXOAHMO HMeTb B BHfly, HTO MaXCHMaAb- 
Hbie 3 HaqeHHH HaBe^eHHbix s.a.c. onpeAeJiaiOTCfl 
He MaKCHMajibHbíM 3 HaqeHneM HHAyxuHH, xoTopan 
3 a cqeT CHJibHoro HacbímeHHH MarHHronpOBoaa 
H 3 MeHaeTca bo BpeMeHH no TpaneuoHAaAbHofi xpn- 

o * dB g* 

boh, a cKOpocTbio ee H 3 MeHeHHH KOTopaa oy- 

act oaeHb Be^HKa b momchtu óbiCTporo n3MeHe- 
HHa HHAyKUHH, COOTBeTCTByiOmHe HeÓOAbUIHM 

MrHOBeHHbíM 3 HaaeHHaM ee ( 4 >nr. II, 71 ). 

2 . FIojiyqaeTca HeAonycTHMbiň HarpeB MarHHTo- 
npoBOAa TpaHC(popMaTopa, Bbi 3 BaHHbiň noBbiuien- 
HbiMH noTepaMH Ha rHCTepe 3 HC h tokh 4 >yxo. 
0 h ocoóeHHO onaceH mjm h 30 ahahh oďmotox, 
HacaaceHHHx Ha MarHHTonpoBOA. 

3 . yxy^maiOTca MarHHTHue CBOňCTBa ctsah 
3 a caeT noaBJíaiomerocH ocTaTOHHoro HaMarHH- 
iHBaHHa. 

B CBH 3 H C H 3 JIO)KeHHbIM npH H 3 J 1 HHHH TOKa B 
nepBHHHofl oĎMOTKe TpaHccpopMaTOpa ero BTOpnq- 
Haa oĎMOTKa AOAHCHa ĎHTb 33 MKHyTa Ha Harpy- 
3 oaHoe conpoTHBJíeHHe, a npH CHaTHH ero npeA- 
BapHTe^bHo 3 aKopoqeHa. Rnn 3 Toro, HanpHMep, 
Ha MaKCHMaJIbHblX TOXOBHX peAe, ip. in KOTOpbIX 
pery^HpyeTCa H 3 MeHeHHeM qHCAa bhtkob oďmotxh, 
Kax yKa 3 HBa^ocb Bbiuie (<pHr. II, 33 ), npeAycMaTpn- 
BaiOTCa uiTencejbHHe mocthkh, Buno^HeHHHe Tax, 
hto npn BHHyTOM A-nfl peryAHpoBaHHH niTenceAe 
nenb TpaHC<i>opMaTopa Toxa He pa 3 pbiBaeTCa. 

PaĎOTa C 3 aMXHyT 0 Ř HaKOpOTXO BTOpHMHOň 

o 6 motkoíí. /laHHbiň peacHM rmi TpaHc^opMaiopa 

TOKa B npOTHBOnOJIOHCHOCTb CHJIOBOMy TpaHC(f»Op- 
MaTopy aBAaerca HopMaAbHbíM, Tax xax BeAHHH- 
Ha ero BTOpHqHoro Toxa onpeAeAaeTca nepBHq- 

HUM TOXOM. 

TpeÓOBaHHH K TOMHOCTH paÓOTbl TpaHC(pOp- 
MaTOpOB TOXa. ToqHOCTb paČOTbl H 3 MepHTeAbHbIX 
TpaHcipopMaTopoB Toxa oĎHqHO xapaxTepH 3 yeTca 
kmccom ToqHOCTH, xoTopbiň ohh oóecneqHBaioT 
npa onpeAeAeHHofl Harpy 3 xe h H 3 MeHeHHH nep- 
BHqHoro Toxa b npeAeAax ao 120 % ot homh- 
HajibHoro Toxa TpaHctpopsiaTopa. 

OAHaxo npn Bbióope TpaHC<popMaTopoB Toxa 
aeh pejieflHoň 3 amHTbi qacTO (HanpHMep, A-na 
MaKCHMajibHOft TOXOBoň 3 anjHTbi c orpaHnqeHHO- 
33 BHCHMOň XapaXTepHCTHXOfi) BaHCHO 3 HaTb TOq- 
HocTb hx paóoiu npn nepBHqHbix Toxax, xoto- 
pbie Moryx bo MHoro pa 3 npeBbiniaTb Ihom TpaHC- 
(})OpMaTOpOB. C 3 T 0 ň ueAbK) AAa TpaHC(pOpMaTO- 
pOB Toxa AaxjTca xpHBbie norpeuiHOCTeň ./ ř b 
TOK e ((pnr. II, 72 ) h 5 b yrAe (<pnr. II, 73 ) b 3 a- 
bhchmocth ot xpaTHOCTH nepBHqHoro TOKa 

/ 

m= —. 

Ihom 





4>nr. 11,69. 3aBHCHM0CTb yma Meacjiy HaMarHHqnBaiomHM 
TOKOM H MarHHTHMM nOTOKOM OT MaKCHMaJIbHOH MaTHHTHOÍt 
HH^yKUHH. 



^wr. 11,70. npHcoeflHHeHHe Harpy3KH ko btopm^hoS 
oÓMOTKe TpaHC^opMaTOpa Tona. 



<I>Hr. 11,71. KpHBwe K3MeHeHHH bo BpeMeHH tokob /, aM- 
nepBHTKOB HH^yKUHH B H 3 . £. C# E J TpaHC^OpMaTOpa TOKa 
C pa 30 MKHyTOH BTOpHqHOH OČMOTKOH. 


ra 
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riorpeuiHocTbioB tok e f i Ha3biBaeTca 


OTHomeHHe - n m hom jqq^ n p e<J j CTaBaflIO m ee co . 

tlm HOM 

6oft npoueHTHoe OTKAOHeHHe i ot BeAHHHHbí, 
noflyqaeMoň AeAeHHeM / Ha n mH0M . norpem- 
HOCTbio b yrÁe 8 Ha3biBaeTca yroA c^Bura i 
no OTHomeHHK) k / ((Jwr. II, 68). yrAOBaa norpem- 
HOCTb CHHT36TCH nOAOJKHTeAbHOfi, eCAH BeKTOp 
i onepeacaeT BeKTop /. ílorpemHocTH onpeAe- 


Kas cjie^yeT H3 4mr. II, 72, npn yBeAHneHHH 
KpaTHOCTH Tona norpeuiHocTb b Tone BHana^e 
Aaace HecKOAbKo yMeHbinaeTca. OAHaKO, HannHaa 
C HeKOTOpOft KpaTHOCTH TOKa, 3aBHCaUieň OT 
BCJIHHHHbl H coscp Harpy3KH, OIHHČKH HaHHHaiOT 
pe3KO B03pacTaTb. yKa3aHHbiň xapaKTep H3- 
MeHeHHH norpéuiHocTH oS-bacHaeTca Ha ocHOBa- 
HHH BeKTOpHOŘ AHarpaMMbl TpaHC<j)OpMaTOpa 
(4>Hr. II, 68) h KpHBbix HaMarHHHHBaHHH (<J)Hr. 11,59) 
CAeAyiomHM oépa30M. ripn HeSoAbiuoM noBbíme- 
HHH / aMnepBHTKH HaMarHHHHBaHHH, OnpeAgAHK)- 



<í>Hr. 11,72. ripHMep 

33BHCHMOCTH nO- 
rpeiuHocTH b Toxe 
ot KpaTHOCTH nep- 
BHHHOrO TOKa m. 




<I>Hr. 11,73. IlpHMep 

3aBHCHMOCTH ňo- 
rpeniHocTH b yrjie 8 
ot KpaTHOCTH nep- 
BHHtioro TOKa m. 


jiaioTca HajiHnneM y TpaHC$opMaTopOB HaMarHH- 
HHBaiomero TOKa. Ohh BUHncjiaioTca no CAeAyio- 
ui,hm npHfí^HHceHHbíM $opMy^iaM [JI. 3]: 

f _ _ A KaM_ ,.g in (q-f T )-100%, 

j Aw * vit; 

Ž= AW w» cos (a+v)-3 440, 

AW„ v \ u 

rae a — yroA Me»Ay i h E. 
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Onr. 11,74. 3aBHCHMOCTb BTopn^Horo TOKa TpanciJ)opMaTopa 
TOKa OT KpaTHOCTH nepBHHHOrO TOKa. 

mne norpemHocTb b TOKe, pacTyT MeAAeHHee, 
neM B m , nponopu.HOHa7íbHaH TOKy, nosTOMy nor- 
peuiHOCTb yMeHbmaeTca. ripn CHAbHOM yBeAHqe- 
hhh / HacTynaeT HacumeHne MarHHTonpoBOAa, 
H aMnepBHTKH HaMarHHHHBaHHH HaHHHaiOT pacTH 

3HanHTe^bHo 6bicTpee, neM B m h nponopimo- 
HajibHHfi eň tok; norpeuiHOCTH b Tone npH stom 
CHJIbHO B03paCTaK)T. 

XapaKTep norpeniHocxeň b yr/iax c yneTOM 
33BHCHMOCTH yrjia CABHra MejKAy noTOKOM h Ha- 
MarHHHHBaiOUIHM TOKOM OT HHAyKHHH (4>HT. II, 69) 
o6T>acHaeTca aHaAornnHbíMH coočpaaíeHHaMH. 

PaccMOTpeHHbie KpHBbie norpenwocTeň AaioTca 
33BOA3MH, H3rOTOBHTejIHMH TpaHC(|)OpMaTOpOB TO¬ 
Ka, AO OTHOCHTeAbHO HeÓOAbUIHX KpaTHOCTeft TOKa, 
oóycAOBAHBaiomHX HHAyKpHH He óoAee 10000 — 
11000 Gs, npn KOTopwx eme oĎecneHHBaeTca 
AOCTaTonHaa CTenenb tohhocth npn pacaeTax. 
riorpeUIHOCTH TpaHC([)OpMaTOpOB npH SÓAblIlHX 
KpaTHOCTHX TOKOB xapaKTepH3yioTCH TaKOň Kp3T- 
HocTbio TOKa /, OTHeceHHoň k onpeAeAeHHoií 
BeAHHHHe h xapaKTepy HarpyaKH, npn KOTOpoí 
TOKOBaa norpemHocTb AOCTHraeT 5 hah 10 % (nsTH- 
h AecHTHnponeHTHaa KpaTHOCTb). Ha <j)Hr. II, 74 
npHBeAeHa 3aBHCHMOCTb i OT KpaTHOCTH nepBHM- 
Horo TOKa m. flaTH- h AecaTHnpouenTHÚM KpaT- 



HOCTHM TOKa Ha Heft COOTBeTCTByiOT aÓCUHCCH 
Wtj H m 10 , npH KOTOpHX i OTKJIOHHIOTCH OT 

HaeajibHUx 3HaHeHHft 3a cqeT HacbímeHHH coot- 
BeTCTBeHHO Ha 5 H 10% B CTOpOHy yMeHbHieHHH. 

řípa ^ajibHeftmeM B03pacTSHHH KpaTHOCTH I 
HacTynaeT nojmoe HacumeHHe MarHHTonpoBona 
TpaHC4>OpMaTOpOB, npH KOTOpOM i AOCTHraeT 
MaKCHMajibHoft B03M0MCH0ft npH naHHOft Harpy3Ke 

BTOpHMHOň BeJIHHHHbl í ma x. 

B HacToam.ee BpeMH b Coio3e cqHTaioT ho- 
nyCTHMHM HCXOHHTb npH Bbldope TpaHC(|)OpMa- 
TOpOB TOKa JU IH 3 ail\HT H 3 HeCHTHnpOHeHTHblX 
norpeniHOCTeň. 



4>ht. 11,75. npHMep 

33BHCHMOCTH KpaT- 
HOCTefí nepBH^Boro 
TOKa m ÍOt cooTBeT- 
CTByiomHx íecflTH- 
npoueHTHOH no- 
rpeilj^HOCTH B TOKe, 
OT BTOpHqHOH Ha- 
rpy3KHZfl«&H TpaHc- 
4>OpMaTOpOB TOKa 

Tno^>3HTno<i>y3 

c cepAe^HHKOM 3. 


Ha 4)«r. II, 75 npHBeneHbí 33bhchmocth KpaTHo- 
CTeft TOKOB m, COOTBeTCTByiOIHHX AecHTHnpoaeHT- 
HblM nOrpemHOCTHM, B (JjyHKHHH OT BeflHqHH BTO- 
pHHHbix Harpy 30 K Z, BHpaxceHHbix b OMax. 

nOH BTOpHHHUMH Harpy3KaMH Z 3HeCb nOHH- 
MaeTCa cyMMa codcTBeHHO Harpy3KH Z MazPy npH- 
coeflHHeHHoň ko btophhhmm 3aacHMaM TpaHC<|)op- 
MaTOpa, H COnpOTHBHeHHH ero BTOpHHHOň 0(5- 
MOTKH Zg. yrOH O-f-f npHHHUaeTCH nOCTOHHHbIH 
H paBHblM 90°. 

TpeĎOBaHHH K TOHHOCTH padOTbl TpaHC4)Op- 
MaTopoB TOKa H-aa pacCMaTpaBaeMbix MaKCHManb- 
HblX TOKOB 33IHHT 33BHCHT OT Tuna npHMeHHe- 
mmx xapaKTepncTHK BunepaceK BpeMeHH. ,Z1 >h 3 a- 
mHT C He3aBHCHMbIMH Xap3KTepHCTHK3MH BblHep- 
5KKH BpeMeHH CHHTaeTCH HeodXOAHMblM HMeTb 


norpeuiHOCTb . b TOKe / ť , He npeBocxoHamyio 
10 % npH I =ip. riorpeuiHocTH fi npn npy- 
THX TOK3X H norpeuiHOCTH B yrjie d HHK3KOrO 
BJIHHHHH Ha paĎOTy 3amHTbI, OHeBHflHO, He OKa- 
3HBaíDT. Ran paccMaTpHBaeMoro cnyqaa MorýT 
dbITb HCn0Hb30BaHbI TpaHC(|)OpMaTOpH H C nOBU- 
HieHHMMH HOrpéUIHOCTHMH npH yCHOBHH, HTO ip.m 
3amHTbi dyaeT OTperyjiHpoBaH no I. Rn h 3aui,HT 
C OrpaHHqeHHO-3aBHCHMbIMH XapaKTepHCTHKaMH 
BunepacKH BpeMeHH oďhhho CHHTaeTCH ue^ecooĎ- 
pa3HbiM (ecHH 9 to bo3mobkho) HMeTb norpern- 
HocTb b TOKe, He npeBocxoHflmyio 10 % b npe- 
Henax nepBHHHbix tokob, oOyc^OBHHBaioiHHX pa- 
dory pe^e b 3aBHCHMOň qacTH xapaKTepHCTHKH, 

OnpenejieHHe Harpy30K Ha TpaHC(J>opMaTOpbi 
TOKa b cxeMax 3amHT. Harpy3Ka TpaHc4)opMaTO- 
poB TOKa b cxeMax 3amHT cKJianbiBaeTCH H3 cae- 
AyiomHX 3/ieMeHTOB: 

1) COnpOTHBJíeHHH TOKOBblX OĎMOTOK peJIC 

Zp = r p +jx p ; 

2) COnpOTHB^eHHH COeHHHHTeHbHbIX npOBOAOB 

BTOpHHHoň nenn r np ; 

3) nepexouHoro conpoTHBjíeHHH koht3ktob r„. 

Rji h cxeMU, padoTaiomeft ot o^Horo TpaHCc|)op- 

MaTopa Tona, ero Harpy3Ka onpene./iHeTCH c^e- 
.nyioiHHM o6pa30M: 


Znaip — ]/{rp -j- rnp~\~ T n )*-{~x 2 p ; 


COS '^nazp 


r p J r r np J r r n _ 

^ ( r p~\' r np J t r n) i 


(11.51) 

(11.52) 


rne r n p — conpoTHBneHne npHMoro h odpaTHoro 
npoBona cxeMbi. 

ZIjih cxeM Tpex<f>a3Hoň chctcmu BejiHHHHa 
Harpy3KH Kaacnoro H3 TpaHCipopMaTopoB TOKa b 
oómeM cjiyqae 33 bhcht ot cooTHOmeHHň tokob 
b <|)a3ax nepBHHHoft uenn. TaK, HanpHMep, b cxe- 
Me noHHoň 3Be3HH (<j)Hr. 11,43) npn HopMajibHOft 
padoTe h 3aMbiKaHHHX Meacny 4>a3aMH TOKa b Hy- 
aeBOM npoBOAe hct; noaTOMy Harpy3Ka Ha Kaat- 
Hbift TpaHC^opMaTop coaHbiBaeTCH H3 conpoTHB- 
jieHHft peae, npHMoro npOBOAa h nepexOAHoro. 

npn OnHO(f>a 3 HOM 3aMbIK3HHH Ha 3eMHIO TOK HOB- 

peacHCHHH npoxoHHT qepe 3 peae noBpeacHeHHOň 
<j>a 3 M h B 03 BpaiHaeTCH no HyaeBOMy npOBO^y, 
nosTOMy Harpy 3 Ka Ha TpaHC^opMaTOp CKaa^biBa- 
eTCH H 3 conpOTHB^eHHft peae, nepexo^Horo, npo- 
boaob npHMoro h HyjieBoro. 3a pacneTHyio bcjih- 
qHHy Harpy 3 KH ctfenyeT, oqeBHHHo, npHHHMaTb ee 
MaKCHMaabHoe B 03 Mo>KHÓe 3 HaqeHHe. 

IloaTOMy AJia cxeM noHHoň h HenoaHoň 3 Be 3 - 
Abl BHe 33 BHCHMOCTH OT XapaKTepa 3 a 3 eMaeHHH 
HyaeBHX ToqeK 3 amHniaeM 0 ň chctcmu, yqHTbiBaH 
B CHCTeMaX C MajlblMH TOK 3 MH 3 aMblKaHHfl Ha 3 eM- 
jiío cayqaft HBOŘHoro 3 aMbiKaHHH Ha 3 eMHK>, npn 
kotopom tok noBpexcAeHHH npoxoHHT no Hyfle- 
BOMy npoBoay (ýhi - . II, 45 h II, 48), Harpy 3 Ka on- 
penejiHeTCH conpoTHBHeHHHMH pe^e, nepexoAHMM 

H AByX COeAHHHTe^bHHX HpOBOHOB. 
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OnpeaeJiHM Harpy3Ky TpaHC^opMaTOpOB npn 
coeflHHeHHH hx b TpeyrojibHHK, a tokobhx o6mo- 
tok pejie — b 3Be3Ay ($Hr. 11,50). HanpaxceHHe 
Ha 3aacHMax BTopHHHOfí oďmotkh TpaHCcfiopMaTO- 
pa noBpeacAeHHoň $ a3bI » aanpHMep, 4>a3H A 

Ů A = ÍaB {Zp -f- z„ -]- Znp ) — icA • {Zp -\-Z n - f- 
+ Zň P ) = (2i A -i B —i c )-{Z p + Z„ + Z„ p ). (II, 53) 

Harpy3Ka Ha TpaHCťjiopMaTop, BbipaaceHHaa b 
OMax, paBHa HanpfcHceHHio u & Ha ero 3axcHMax, 
fle^eHHOMy Ha BTOpHHHHft TOK TpaHC^OpMaTO- 
pa Ía • y/ 

Z' H azp = . (11,54) 

l A 


TaKHM o6pa30M pacqeTHaa Harpy3Ka KaxcAoro 
TpaHC(j)opMaTopa b ABa pa3a MeHbine npHcoeAH- 
HeHHož. rioaTOMy cxeMa ihhpoko npHMeHaeTCH 
IIpH HCn0JIb30BaHHH MaJIOMOUXHblX TpaHC(|)OpMa- 
TOpOB TOKa, BCTpaHBaeMblX BO BTyjIKH BblKJIIOHa- 
TeJieň, HanpHxceHneM 35 kV h Bbíme b KOJinqecT- 
Be AByx (35 kV) hjih HHorAa qeTbipex (Ha 110 kV 
h Bbíme) Ha (f>a3y. 

B HeKOTopbix cAyqanx aah chh>k6hhh n m b 
cxeMe, saBbímeHHoro no OTHomeHHio k paóoqeMy 
TOKy,^ HanpHMep, no ycjiOBHHM AHHaivmqecKOH 
ycTOflqnBocTH, npHMeHaioT napajuiejibHoe coeAH- 
H6HHe AByX TpaHC^OpMaTOpOB TOKa OAHOň 4>a3bl, 
HMeiomHx OAHHaKOBbíň n m (4>Hr. II, 77). Tok i p 



4>Hr. 11,76. OxHOJiHHeHHaa 

cxeMa c nocjieAOBaTejibHWM co- 
eflHHeHHeM flByx TpaHc<j>opMa- 
TOpOB TOKa OAHOtl <J>a3M. 




Uertb 8 jkl 6 ho 20 moka ’*H" ♦$ Dt . 

•a a _ I ^ Bbi komumenb , 

Tp-p moka 


Jicmowuk 
ODcnfokHHoso 
moHa , 



<í>Hr. 11,78. n pHHi^HiiHajibHaB cxeMa c BcnoMoraTejibHMM 
hctohhhkom nocTOBHHoro „ TOKa flJifl onepaTHBHhix Aejieíí. 


<í>Hr. 11,77. OAHOjiHHeHHan 
cxeMa c napajuiejibHMM co- 
eaHHeHHeM flByx TpaHC<t>op- 
M3TOpOB TOKa OflHOH $a3W. 


qepe3 pejie npn stom b ABa pa3a npeBbímaeT 
TOK BO BTOpHHHOň OĎMOTKG KBiKAOrO TpaHC(j)Op- 
MaTOpa. rioaTOMy tť m cxeMbi OKa3bisaeTCH paB- 

hhm — n m KaxcAoro H3 TpaHC^opMaTopoB. 
HanpnxceHne Ha 3axcHMax TpaHccJ)opMaTOpOB 


JXjm Bcex 3aMbiKaHHň MeacAy 4)a3aMH íb + 
+i c = — ía , noaTOMy, yqnTbiBan 01,53) h (11,54): 

Z! nazp == 3 {Z n + Z n + Z np ). (11,55) 

TaKHM o6pa30M ;yiíi cxbmm coeaHHeHHň TpaHc- 
4>OpMaTOpOB TOKa B TpeyrOJIbHHK H TOKOBHX 
o6motok pe.ne b 3Be3,ay pacneTHaa Harpy3Ka 
0Ka3biBaeTCH b tph pa3a Ďojibme AeňCTBHTejib- 
Horo conpoTHB^ieHHH KaxcAoň $a3H 3amHTH. 

fljia yMeHbuieHHH Harpy3KH TpaHc<|>opMaTopoB 
TOKa b ue^HX noBbímeHHfl tohhocth hx pačoTH 
HHor.ua npHMeHaeTCH noc.ae,a;oBaTeJibHoe coeAHHe- 
HHe flByX TpaHC(J)OpMaTOpOB TOKa OAHOň <f)a3bl, 
HMeiomHx OAHHaKOBbie K03(J)HUHeHTH TpaHC^JOp- 
MauHH (4>nr. II, 76). n m TaKoň cxeMH, npeHefipe- 
raa norpeniHOCTHMH TpaHC^opMaTopoB, paBeH, 
oqeBHAHO, n m OAHoro TpaHccjjopMaTOpa. Hanpa- 
xceHHe Ha 3aatHMax KajK/ioro H3 TpaHC(J»opMaTO- 

P°» tt=0,5-ř(Z p + Z„ + Z w ). (11,56) 

Harpy 3 Ka KaHc^oro TpaHC^opMaTopa TOKa 
paBHa ú 

V»*P =-f- = 0,5(Z p + Z„+Z„ p ). (II, 57) 


u = i D (Z p -j- Z n -j- Z np ) = 2 i (Zp -j- 

-\“Z n - f- Z np ). (II 5 58) 

PacneTHan Harpy3Ka KaacAoro TpaHC(J)OpMa- 
Topa 

Z Ha! p - 2 (Z p + Z„ + z„ p ). (II, 59) 

t. e. b /iBa pa3a SoJibnie AeňcTBHTejibHoň. 

13. CXEMbl OI1EPATHBHOrO TOKA 3AIU.HTM 

B KanecTBe. onepaTHBHoro TOKa ajih nHTaHHa 
BcnoMoraTe^bHbix pe^e b cxeMax 3amHTbi (Ha¬ 
npHMep, pe^ie BpeMeHH) h OTKjnoaaiomHx MexaHH3- 
mob BbiKJnonaTejieň, KaK npaBH^o, npHMeHHioTCH: 

1) nOCTOHHHblň TOK OT He33BHCHM0r0 HCTOM- 
hhk 3—aKKVMyjiflTopHofl CaTapeH; 

2) riepeMeHHHfi tok, nojiynaeMHfl oĎhhho ot 
H3MepHTeJIbHUX TpaHC(^OpMaTOpOB TOKa HJIH Ha- 
HpHHCeHHH. 

Ha 4»Hr. II, 78 npHBeaeHa ojtHOJiHHeňHaa npHH- 
HHnnajibHaH cxeMa 3amnTH Ha hoctohhhom Tone. 
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ripH jeficTBHH 3amHTM peae 3aMHKaioT cbohmh 
KOHTaKTaMH 2 uenb onepaTHBHoro TOKa, Hanpaace- 
HHe HCToaHHKa nocToaHHoro TOKa noaaeTca na 
OTK^ioqaioijayK) KaTyniKy 1 BHK.MoaaTe.rta h oh 
cpaóaTHBaeT, aBTOMaTHnecKH pa 3 pHBaa npH stom 
uenb onepaTHBHoro TOKa BcnoMoraTeAbHHMH KOH¬ 
TaKTaMH 3, yKpen^eHHbíMH Ha ero Ba.ay. Heo6- 
xo^HMOCTb TaKoro pa3pHBa BH3biBaeTca c^ie^yio- 
mHMH OĎCTOaTe^bCTBaMH: 

1) HeaocTaTouHOň MomHOCTbioHa pa3MHKaHue 
KOHT3KTOB pe.rce, KOTOpbie, KaK iipaBHJio, He MoryT 
pa 3 pHBaTb noTpedJiaeMHx oTKjnoaaiomeň KaTyni- 
koS 3HaaHTeJibHbix moiuhoctcS (nopa^Ka 500 W) 

HJIH HMeiOT npH 9TOM CHAbHblft H3HOC; 

2) HeoĎxojHMOCTbio npeAOTBpaTHTb cropanne 
OTKaroaaiomeň KaTyraKH, He paccuHTaHHoft Ha 
amrejibHbie tokh, npa OTKa3e peae pa30MKHyTb 

CBOH K0HT3KTH nOCAe OTKAIOHeHHH nOBpOKACHHH 

um npa KOHCTpyKHHH pe^ie, npeAycMaTpHBaiomeň 
hx B 03BpaT b ncxoAHoe noAoaceHHe ot pyKH; 

3) CTpeMJieHHeM HanpacHO He pa3paacaTb aKKy- 
My^iHTopHyio óaTapeio b CAynaax, yKa3aHHux bo 
btopom nyHKTe. 

OTKJiioaaiomHe nena nocToaHHoro TOKa KaacAO- 
ro BHKaioaaTe^a b HacToawee BpeMa, KaK npaBH- 
jio, cHaĎHcaiOTca HHAHBHAyaAbHHMH miaBKHMH npe- 
AOxpaHHTe^iHMH, noA KOTopue BK^ioaaioTca h Bce 
BcnoMoraTe^bHbie pe^e nocToaHHoro TOKa, cxeMbi, 
a TaKMCe CHrHaAbHHMH yCTpOfiCTBaMH, KOHTpOAH- 
pyiOHÍHMH HX HCnpaBHOe COCTOHHHe. 

HanpaaceHHe aKKyMyAHTopHHX daTapefi, hc- 
no^b3yeMHX aaa nHTaHHH onepaTHBHHX neneft, bh- 
fínpaeTCa paBHbíM 24, 48, 110 hah 220 V. IlpH 9 tom 
coBpeMeHHHe oTKAioHaiomHe MexaHH3MU o6ec- 
neaHBaioT aeTKOCTb AeficTBHH npa cHHHteHHax 
HanpHHteHHH ao 65% ot yKa3aHHbix Bbíme homh- 
HajibHbix 3 HaaeHHfl. Bojiee HH3KHe HOMHHaAbHHe 
HanpaaceHHa aah onepaTHBHHX uejiefi He npHMeHa- 
íotch, Tax KaK noBbímeHHHe 3HaaeHHH OTK^roaaio- 
uiHX tokob MoryT Bbi3B3Tb HeÁonycTHMO 6oflbrane 
naACHHH HanpaxceHHa b nepexoAHHx conpOTHBAe- 

HHHX KOHT3KTOB peJie, BCnOMOraTeAbHHX KOHT3K- 

Tax 3 Ha Ba^y BHK^ioaaTe^a h Apyrnx MecTax 
coeaHHeHHň. 

B ycTaHOBKax, rAe He3aBHCHMHfi hctohhhk 
nocToaHHoro TOKa TpeéyeTca h aah Apyrnx AeAéťi, 
HanpHMep, AHCTaHUHOHHoro ynpaBAeHHa npHBOAa- 
mh BHKJiroqaTe^efi 110 kV, a Taxace b ycTaHOBKax 
co caojkhhmh 3aiu,HTaMH, ocymecTB.aeHHe cxeM 
kotophx Ha nepeMeHHOM Tone 3aTpyAHHTeAbHO, 
b KauecTBe onepaTHBHor o HcnoAb3yeTca, KaK npa- 
BHAO, nOCTOHHHblň TOK. OAH8KO AAH yCTaHOBOK 
c pyuHHMH npHBOuaMH BbioioHaTe^efl, AonycKaio- 
IUHMH TOAbKO aBTOMaTHHeCKOe OTKJIIOHeHHe, HaCTO 
He HMeromHX AeacypHoro, nepcoHa^ia, HBAaeTca 
xce^aTeJibHHM Hcnojib30BaHHe rjií i onepaTHBHHX 
ueneft nepeMeHHOi^o Tona. řípa 9 tom HCKjnonaeTCH 
Heo6xoa.HMocTb ycTaHOBKH Ha noACTaHUHH aKKy- 
MyjiHTopHofl SaTapen, a CAeAOBaTeAbHO, h 3a6oT, 


CBH33HHHX c HaĎJiiofleHHeM 3 a ee paóoTOň h nepe- 

3ap«AKOň. 

Ha <J)Hr. II, 79 AaHa OAHOAHHeňHaH npHHunnH- 
a^bHaa cxeMa, b KOTopoň aas onepaTHBHHX ueneft 
Hcno^ib3yeTca HenocpeACTBeHHo tok ot TpaHC<j)op- 
M3TOpOB TOKa, K KOTOpHM npHCOeAHHeHa 3amHTa. 
npH paĎOTe 3amHTbi pe^ie pa3MHKaeT cboh Hop- 
Ma^bHO 33MKHyTHe KOHT3KTH H uenb OTKJHOHaiO- 
weň KaTyuiKH /, KOTOpaa ao stoto 6bwa kopotko 
33MKHyTa, BoroaaeTca noc^eAOBaTeJibHO c 06- 
MOTKOň pe^e Ba BTopnaHyio oĎMOTKy TpaHC(J>op- 



OHr. 11,79. npHHuwiHaJibHaH cxeua c HenocpeacTBeHHUM 
HuTaHHeM onepaTHBHoil nenw oj TpaHC^opwaTopa Toi<a. 



4 >ht. 11,80. ílpHHUHnHaabHafl cxeMa c HacumanutHMCfl TpaHC- 
<J)opMaTopoM Toxa b KaiecTBe HCTosHHKa onepaTHBHoro 

TOKa. 

MaTopa TOKa. B OTKAroaaromyio KaTyuiKy HanpaB- 
AaeTca no^HHň tok TpaHC^opnaTopa TOKa, n 
BHKAtoaaTeflb cpaóaTHBaeT. 

ripeHMyniecTBOM STOft cxeMH no cpaBHeHHto 
c ApyraMH cnocoóaMH nHTaHHH onepaTHBHHX ue- 
neft nepeMeHHHM tokom HB^aeTCa ee oTHOCHTeAb- 
Haa npocTOTa. Oah3ko oó^iacTb ee npHMeHeHHa 
OrpaHHHHBaeTCa BeAHHHHaMH btophhhhx tokob 

TpaHC(í)OpMaTOpOB TOKa, pa3pHB KOTOpHX MOHteT 
oxa3aTbCH HeaonycTHMbiM koht 3 KthoíI ch- 

CTeMH pejie. H3 cok» 3 hhx pe^e npHMeHeHHe cxeMH 
AonycKaioT TO^bKO pejie THna HT-80 X3M3 (cm. 
ta. II, § 9) npH BTOpHHHHX TOK3X, He npeBOCXOAH- 
iahx —30 A. 

Ha (J)Hr.II,80 npHBeAeHa OAHOAHHeftHaa npHH- 
HHnHaAbHaa cxeMa 3aniHTbi, b KOTopoň aah one¬ 
paTHBHHX ueAeň HCnoAb3yeTca tok ot cneunaAb- 
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Horo BCnoMoraTe^íbHaro TpaHC<|>opMaTopa TOKacn m , 
6^H3 Khm k eflHHHUe, BKTnoneHHoro bo BTopHHHyio 
oĎMOTKy iviaBHoro TpaHC<j)opMaTopa TOKa 3amn- 
maeMoro 9JieMeHTa. flpH pačoTe 3amnTbi pe;ie 
3aMUKaeT KOHTaKTaMH 2 uenb OTKJHonaiomeft Ka- 
TyuiKH fl Ha BcnoMoraTejibHbifl TpaHC<|>opMaTop h bm- 
K^ioqaTejib AeflCTByeT. BcnoM ora TejibHbift^Tpa,H£« 
^OpM a TOp^ TO K a J(0£DKe HHM ? Tb II p H M ep H OJI O CTQJ1H- 

JUJjL J , J£?J|ho6hx 3HaqeHHflX J y npeBbímaiomBx 
onpe^^eMj^Be^HÍHHy. 3 thm* oěechenHBaiOTCH 
íoiíycTHMue ycjióBHfl^H pačoTbi Ha 3aMbiKaHHe 


TejibttMe peae (HanpHMep, peae BpeMeHH), paóoTaioiíme Ha 
onepaTHBHOM TOKe, ntuaHHH nocaexHHx aoji>khm npe- 
AycMaTpHBaTbCH cnenHajibHue ycrpoiíCTBa, HanpHMep, or- 
AeabHue HacumaiomHecH TpaHcýopMaTopbi Toxa(<J>Hr. 11,82); 
bo3mohcho Taxxce napaajiejibHoe nHTaHHe ot OAHoro TpaHc- 
$opMaTOpa OTXJixjqa lomen xaTymxH h peae BpeMeHH, o/ma- 
ko qyBCTBHTeabHOCTb 3amHTbi npn stom Hecxoabxo noHH- 
HcaeTCA. 

4. Cxeuu ajih Tpex<J>a3Hux chctcm aojihíhh BunoaHHTbCH 
¥ Tax, htoóu npH jiioóom BHAe noBpexcAeHHa óuaa oóecneqe- 
* Ha noAaqa onepaTHBHoro Toxa Ha oTxaxjqaiomHfi MexdHH3M 
Bbixax^aTeasi. ÍIpHMeneHHe stoto cxeMU no tjwr. 11,83 
'f b HexoTopux cayqaH* He mohcct 6utb ocymbOTBaeHO, Tax 



koht&ktob pe^ie 3amHTbi npw Aioóbix npaKTHnecKH 

B03M0XCHWX MaKCHMaAbHblX 3HaHeHHHX TOKOB IIO- 

BpeacAeHHH. 

B CBH3H C npHBe^eHHblM TpeÓOBaHHeM BCnO- 
itoraTejibHbie TpaHC<f>opMaTopbi Tona BbinoJiHH- 
IOTCH ĎWCTpOHaCbímaiOmHMHCH, C BTOpHHHblMH 
MaKCHMa^bHblMH TOK3MH, He npeBOCXOAHH^HMH 
npHMepHO 8-*-12 A. 

nHTaHHe onepaTHBHbix uenefi qepe3 npoMexcyToqHue Ha- 
cumaioiuHecK TpaHC<J>opMaTopu Toxa MoxceT óutb Taxxce 
H,eHTpaaH30BdHHbiM ot TpaHC<J>opMaTOpOB Toxa (jwAepa, nn- 
Taiomero AaHHyio noACTaHuax) (<}>Hr. 11,81). HeAocTaTxaMH 
cxeMU no cpaBHfeHHK) c HHAHBHAyaabHUM nHTaHneM hbjih- 
iotch: MeHbmafl HaAeKHOCTb, ycaoxcHeHHe sxcnaoaTaunH h 
b HexoTopbix cayqaax HeAOcraToqHasi qyBCTBHTeabHOCTb 
(ecan toxh xopoTkoro 3aMwxaHHH MoryT óuTb HeBeanxH, 
a K03(|)HUHeHT TpaHC(J)opMauHH TpaHC^opMaTOpa nHTaxjmero 
ýHAepa 3HaqnTeabHO čojibiue n m 3amHmaeMoro aaeMeHTa). 
llo»TOMy cxeMa, xax npaBHJio, x npHMeHeHHK) He pexoMeH- 
AyeTex. 

Mcnoab30BaHHe, b xaqectse onepaTHBHoro, Toxa ot bto- 
pHXHUX OÓMOTOX H3MepHTeJIbHbIX TpaHC(J)OpMaTOpOB Toxa 
očaaAaeT, OAHaxo, p«aom HeAOCTaTxoB, raaBHUMH H3 kqto- 
pux HBasnoTcx caeAyxjmHe: 

1. CxeMU npnroAHu TOJibxo Aaa 3amHT, peampyxímHx 
na tokh noBpoKAeHHx óojibme onpeAeaeHHoii BeanqHHu, 
HeAodaToqHofí juin paóoTU MexaHH3Ma BUxaioqaTeax. noa- 
TOůy cxeMU He MoryT 6uTb Hcno;ib30BaHu, HanpHMep, ajih 
B ueoxoqyBCTBHTeabHux MaxcHMaabHux toxobux 3amHT ot 

OAHO$a3HbIX 3aMUK3HHH Ha 3CMJIIO, BXaK)qaeMUX B CHCTeMaX 
c HyaeBOH Toqxoíi, 3a3eMaeHH0H qepe3 BueoxooMHoe co- 
npoTHBJíeHHe, no cxeMeTToabMrpHHa h^h Ha TpaHC<{>opMaTop 
Toxa THna 4>eppaHTH. 

2. Peae b cxeMe, HecMOTpx Ha npHMeHeHHe Hacbímaio- 
mHXCfl TpaHC(J)OpMaTOpOB, AOJIXCHH BCe »e HMeTB AOCTaTOq- 
ho iioiuHue OTxaK)qax)iAHe xoHTaxTu. 

3. B caoxcHux cxeMax 3amHT, BxaioqaiomHX BcnoMora- 



4>Hr. 11,82. CxeMa c abymh HacumaiomHMHCJi TpaHC$opMa* 
TopaMH Toxa b xaqecTBe HCToqHnxa onepaTHBHoro Toxa. 


xax OHa ne AeitCTByeT npn 
OAH04>a3HUX 3aMbIXaHHHX Ha 
3eMaK> 4>a3u, He HMeiouieň 
TpaHC^opMaTopa Toxa, a Tax- 
xce npn HexoTopux BHjiax 
3aMbixaHHH no $nr. 11,48 h 
11,54. 

n03T0My npHMeHHK)TCfl 
Taxxce cxeMbi c HecxoabXHMH 
HacumaioinHMHCfl TpaHeefop- 

MaTopaMH Toxa^ AeHCTByx)- 
hxhmh Ha cooTBeTCTByx)mee 
yBeanqeHHoe qncao otxjikj- 
qax>mHX xaTymex Bbixaioqa- 
TeJieň (cm. HHxce $Hr. 11,93). 

OAHaxo B03M0KH0 npHMeHe¬ 
HHe h oahofo Hacumaiome- 
rocx TpaHC^opMaTopa Toxa 
c TpeMX nepBnqHUMH oÓmot- 
K3MH (<í>Hr. 11,84), ABO" H3 
Koxopux HMex>T, HanpHMep, 
qncao BHTKOB Wj H BKJIK)- 
qax>Tcx Ha aHHeňHue toxh xaxHx-^HÓo AByx <J)a3, a TpeTbíi 
c yABoeHHUM qncaoM bhtkob 2 W\ — Ha (f)HabTp toxob Hyae* 
boh nócaeAOBaTeabHocTH. CyMMapHue aMnepBHTXH Taxoň 
CHCTeMU 

AW= ÍA' w l — ÍC' W 1 + ((a + ?B + ic ) % W 1 = 

= + /# c) W 1 

h o6ecneqHBax)T ee AOHCTBHe npH yxa3aHHux Buuie Bwiax 
noBpe>KAeHHfí. 

Ha (|)Hr. II, 85 npHBeaeHa oAHOAHHeňHan npHH- 
ilHnHajibHan cxeMa 3amHTbi r b KOTopoň hcto^hh- 
kom onepaTHBHoro Tona cjiyxcHT H3MepHTe^bHbiň 
TpaHC4>OpMaTOp HanpHXCeHHfl. npH HaAHHHH Ha 



■j* 


^Hr. 11,83. CxeMa Bxaioqe- 
hhh Hacbímaxjmerocx TpaHc- 
4>opMaTopa Ha pa3Hocib 
TOXOB AByX (|>a3. 
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noflcraHUHH noHHHcaiomHX chjiobhx TpaHC(f)opMa- 
topob, Aaiomax HH3Koe HanpBxceHHe, uenH one- 
paraBHoro Toxa paccMaTpHBaeMoň cxeMbi MoryT, 
kohmho, nHTaTbCH HenocpeACTBeHHo OT HHX. Cxe- 
Ma npHMeHHeTCH ajih 3amHT ot OAHO(J)a 3 Hbix 3 a- 
MblKaHHň Ha 36MJIK) B CHCTeMaX C Hy^eBOň TOH- 
KOň, 3a3eM^eHH0fl nepe3 BbicoKooMHoe conpoTHB- 
^eHHe. npH 3T0M A*KH IIHTaHHH AOAXCHO HCnO/Ib- 
30BaTbCH oaho H3 AHHeftHbix HanpaHceHHň, KOTO- 
pbie b CHCTeMax paccMaTpHBaeMoro THna npa 
OAH04>a3HbIX 3aMbIKaHHHX npaKTHHeCKH He H3Me- 
HHK)T CBOeS BeAHHHHbl. 


C BWKAIOHaTejJHMH, AOIiyCKaiOmHMH yCT3HOBKy H&< 
HHX pyHHbIX aBTOMaTHHeCKHX npHBOAOB, ec jm 
He MoryT 6biTb HcnoAb30BaHbi eme óo^ee npo- 
CTbie cxeMbi c pejie npaMoro aghctbhh. 

KaK cjiexyeT H3 H3Jio>KeHHoro Bbirne, cxeMbi c Hcnojib3o- 
BaHHeM ajih onepaTHBHbix uenen 3amHT nepeMeHHoro TOKa 
HMeioT HeKOTOpbie HeAocTaTKH. B cbh3h c 9thm 6hjio npea- 
aoMceHO [JI. 4} Hcnojib30Baib aah paccwaTpHBaeMbix ijejieil 
sHeprmo 3apHAa xoHAeHcaTOpoB. npHHUHiiHaJibHaH cxeMa yc- 
TpoiícTBa noKa3aHa Ha <}>Hr. II, 86. KoHAeHcaTop 4 3apHMcaeTca 
nepe3 KynpoKCHbiH BunpHMHTejib5oT H 3 MepHTe;ibHoro TpaHC- 
4>opMaTopa HanpHixeHHH. řípa cpaóaTUBaHHH peae Maxcn- 
MaabHoro TOKa oho 3aMuxaeT xoHTaxTu 2, KoHAeHcaTop 4 



4>nr. 11,84. CxeMa Bxax)qeHHH cneimaJibHoro 4>«r. 11,86. 
nacbímaiomerocH TpaHc<J>opMaTOpa Toxa c TpeMH 
nepBHHHblMH OÓMOTXaMH. 



€>«r. 11,85. CxeMa c TpaHc^opMaTopoM HanpHxceHH* b xa- 
qecTBe HCToqHHxa onepaTHBHoro TOxa. 

JXi ih 3am«T ot" Me)KAy4)a30Bbix 3aMbiKaHH& 
cxeMa <j)Hr. 11,85, oneBHAHo, 'HenpHroAHa, Tax 
KaK npw noBpexcAeHHHx b6ah3h MecTa ycTaHOBKH 
BblKAlOHaTeAH, KOrA<* OH AOAXCeH 6e30TKa3H0 Aefl- 
CTBOBaTb, HanpnxceHHe, noABOAHMoe k oTKAiona- 
jomeň KaTyuiKe, MOXceT OKa3aTbca a*/ib 3Toro He- 

AOCTaTOHHblM. 

OCHOBHblMH npeHMymeCTBaMH HCn0JIb30BaHHH 
onepaTHBHoro nepeMeqHoro TOKa a^ih HecAoxc- 
HblX THnOB 3amHT nO CpaBHeHHK) C nOCTOHHHblM 
onepaTHBHbíM tokom hbahiotcíi: óojibmaa npocTO- 
Ta h HaAextHOCTb b sKcnjioaTauHH h OTcyTCTBne 
aKKyMyAHTOpHoň óaiapeH. 

fajin MaKCHMaAbHbix TOKOBbix 3amHT nepeMeH- 
Hbiň onepaTHBHbiň tok AOAXceH uihpoko np«Me- 
HHTbCH Ha noHHxcaiomHX noACTaHUHHX pacnpeAe- 
jiHTeAbHbix ceTeň HanpHHcemieM 35 kV h HHxce 


CxeMa c KOHAeHcaTOpoM b xaqeCTBe HCToqHHxa onepaTHE- 
Horo ioxa. 

pa3p*nxaeTCH Ha OTXXK>qaK>myio xaiynixy 1 BuxjnoqaTejiH k 
nocae^HHii pasMUxaeT uenb Toxa. OAHoro Taxoro ycTpoňcTBa 
XOCTaToqHO aah OTxax)HeHHH rpynnbi BuxjiKjqaTejiefi. B stom 
cayqae KOHTaxTU 2 peae pa3Hux aaeMeHTOB BKAioqaioTCJi 
uapf aaeabHO. ConpoTHBaeHHe BunpHMHTejieň 5 npn oópaT*^ 
hom Toxe npaxTHqecxH He pa bho óecxoHeqHocTH, nosTOMy 
npH nOHHDKeHHHX HanpHXCeHHH KOHAeHCaTOp MOXCeT TaXHCe 
pa3pHxcaTbCH qepe3 BwnpxMHTeJib. Rna npeAOTBpameHHH 
9 Toro bo3moxcho npH nocaAKax HanpsDxeHHsi aBTOMaTHqecxH 
pa3pbiBaTb uenb ot TpaHC<J)opMaTopa HanpsnxeHHH nocpex- 
ctbom xoHTaxTOB 6 cneuHajibHbix peae MHHHMajibHoro Ha- 
npxxceHHHf npHMeHHTb B3aMeH xynpoxcoB xeHOTpOH, HMeio- 
hihh ajih očpaTHoro Toxa npaxTHqecxH óecxoHeqHo óojibiuoe 
conpoTHBJíeHHe, hah BXJix>qaTb nocaexoBaTejibHO c xyn- 
pOKCaMH BblCOKOOMHbie COIIpOTHBJíeHHSI. AoCTOHHCTBaMH CXe- 

mu hbxhiotch: 

1) aeHCTBHe npH ax>6ux 3HaqeHHax toxob xopoTKoro 
saMuxaHHH h BHAax noBpexcAeHHH; 

2) B03M0>KH0CTb HCII0Ab30BaHHH OAHOTO yCTpOHCTBa JUAW 
pHAa saeMeHTOB. 

HeAOCTaTXH cxeMu: 

1) HeB03M0)KH0CTb IIHTaHHH SaiAHT, B CXCMy KOTOpUX 

bxoaht peae BpeMeHH co 3HaqHTeabHUMH BbiAepxcxaMH Bpe- 
MeHH, Tax xax xoHAeHcaTOpHue óaTapen oqeHb óucípo npw 
AeHCTBHH pa3pH)XaK)TCH; 

2) MeHbinaH HaAexcHOCTb, qeM npH nepeMeHHOM onepa- 
THBHOM TOKe. 

IlosTOMy cxeMa ajih tokobux 3amHT He npHMeHHeTCH* 

M.nOJIHbIE CXEMbl MAKCHMAJlbHOH 
TOKOBOfl 3AIU,HTbI 

XapaKTep buiioahchhh no^Hux cxeM MaKca- 

MaAbHOň TOKOBOfi 3aiUHTH 33BHCHT OT UeAOTO pfl^a 
4>aKTopoB: buaob noBpe>KAeHHfl, Ha KOTopwe OHa 
AOfliKHa pearHpoBaTb, npnHHTofi cxeMbi coeAHHe- 



hhh TpaHC(J)opMaTopoB Tona h peae, xapaxTepn- 

CTHKH BHflepHCKH BpeMeHH, THIIOB peJie.H BHAS 
onepaTHBHoro TOKa. 

Ha <J)Hr. 11,87 npHBeaeHa Tpex4>a3Haa cxeMa 
3aiuHTbi c He3aBHCHMOň xapaKTepncTHKoá Bbiaepac- 
KH Bp6M6HH H nOCTOHHHblM OIiepaTHBHblM TOKOM. 

OHa pearHpyeT Ha Bce bhah noBpexcaeHHň b 3a- 
mamaeMoft 30He, Bbi3biBaiomHe noHB^eHHe tokob 
óojibiue MaKCHMajibHoro paóonero. B cxeMe npn- 
MeHeHbí pe.ae MaxcHMa;ibHoro Toxa MrHOBeHHoro 
jieňcTBHH 1 h pejie BpeMeHH 2 , co3aaromee bh- 
Aepxcxy BpeMeHH. ripn noBpexcaeHHH MrHOBeHHO 



-4>Hr. 11,87. MaKCHMajibHaa TOKOBaa 3amHTa c HeaáBHCHMoi! 
BuaepíKKOH BpeMeHH b Tpex4»a3HOM HcnojmeHMi. 


HanpHHceHHň b c^ynae npo6oa h30ahuhh MeacAy 
nepBHHHOÍÍ H BTOpHHHOft OĎMOTXaMH. 

B nenn OTXAK>qeHHH ycTaHOBaeHo (<J)Hr. 11,87) 
cneuaaAbHoe, AeftcTByiomee npa noHBJíeHHH Toxa 
CHrHajibHoe pe.ae 3, Ha3UBaeMoe ójiHHKepoM. 
řípa noBpeacAeHHax oh AOJiHceH KOHTpo^iHpoBaTb 
paóoTy Bceň cxeMbi 3amHTbi, BK-aronaa OTK^ioaaio- 
myio KaTyiuxy BUKJiioaaTe^iH, h AaBaTb CBeTOBOft 
carHaJi AfiacypHOMy nepcoHajiy. HaAHaae 6;iHHxe- 
poB oó^eraaeT aHa^iH3 aBapnň; Tax, HanpHMep, 



* t 

a ./ 6 ) 

11,88 (a h 6). PacnoJiojKenne Tpanc4>opMaTopOB Toxa 
aaa npHCoeflHHeHHH 3amnTbi. 


•cpaĎaTUBaeT oaho h^ih HecxoJibxo pe.ae Toxa, no- 
Aax)iu,He napa^aejibHO nocTOHHHHň tox Ha oďmot- 
xy pe^e BpeMeHH, xcnropoe, paóoTaa c ycTaHOB- 
jieHHoň BHAepacxoň BpeMeHH, 3aMbixaeT aepe3 
cnrHajibHoe pe^ie 3 uenb oTHJixmioinefi xaTymxH 
Bbix^iKjqaTe^iH h nocAeAHHň cpaóaTbiBaeT. 

TpaHC<J)opMaTopbi Toxa jijiíi 3amHTH MoryT 
6biTb ycTaHOB^ieHU 3 a Bbix^HaaaTeJieM, caHTaa no 
HanpaBJíeHHX) ot dihh (<t>Hr. II, 87 h II, 88a), hjih 
ao Bbix^iK)aaTejia (<|)Hr. II, 886).B nepBOM cAyaae 
npH 3aMbIX3HHH 3a Tp3HC<J)0pMaT0paMH CO CTOpOHbl 

jihhhh 3amHTa npaBH^ibHO oTXflioaHT noBpeacAeHHe. 
OAHaxo npn nepexpuTHH BTy^iox BbixAHaaaTe^ia 
noTpeóyeica 0Tx^ix)aeHHe cóopHbix hihh. Bo bto- 
Pom cayaae npn noBpewAeHHH BTy^iox BHX^ix>aa- 
Te-aa, oópameHHbix b CTopoHy jihhhh, otxjhohhtch 
TOJibXO nocJieAHHa, ho npn nepexpuTHH TpaHc<f)op- 
MaTOpoB Toxa 0TX3x>aaTca mHHbi. TaxHM o6pa30M 
MecTo ycTaHOBXH TpaHC(})0pMaT0p0B Toxa aojihcho 
onpeAeJiflTbca TeM, rAe 6o^iee BepoaTHH nbBpeac- 
AeHHa: b TpaHCfjJopMaTopax Toxa hjih b Bbix./noqa- 
Te^ax. B CCCP npH ycTaHOBxe OTAeJibHbix TpaHC- 
4)opMaTopoB, xax npaBHJio, npHMeHaeTca cxeMa tt. 
npH HCII0JIb30BaHHH TpaHC<|>OpMaTOpOB Toxa, 

BCTpanBaeMbix b o6e BTyjixH BuxjixjqaTe^a xaacAoft 
4>a3H (jujix HanpaJxeHHň 35 kV h Bbíme), npHMe- 
naeTca cxeMa 6 . 

BTopHUHbie oďmotxh TpaHC<i>opMaTopoB Toxa 
b oahoS Toaxe 3a3eMflax>Tca a-kh iiipeAOTBpame- 
hhh noHB^ieHna bo BTopHHHbix uenax bhcoxhx 
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ecAH npn noBpeacAe- 
hhh Ha 3anxHmaeMo8 
JIHHHH ĎAHHXep Cpa- 
čoTaa, a Bux^xjaa- 
Te^ib He noAeflcTBO- 
BŮJl, - MOJXHO CAe^aTb 
BblBOA. HTO npHHHHOft 
HenpaBHJibHOň ^hx- 
BHAaUHH 3BapHH HB- 
AaeTCa OTxa3 bhx^k)- 
qaTe^ia, a He pese. 

B^HHxep THna 3C 
B BbinO^IHeHHH X9M3 
npeACTaB^aeT coóoft 
SAexTpoMarHHTHoe 

pe^e ($hf. II, 89). Ero 
axopb npn npHTHJxe- 
HHH OCBOĎOHCAaeT 


<Pnr. 11,89. CxeMaTHiecKHS 
BHfl ĎaBHKepoB THna 3C X3M3.‘ 

/ — MarHHTHaa CHCTeMa; 2 — oóMOTKa; 
3 — HXOpb; 4 — nOABHHCHbie KOHTaKTU; 
5 — HenoaBHHCHbie koht3kthj 6 — pery- 
jiHposaHHe ycTpoflcTBa; 7— okouiko 
(jMaxaca. 


MeTa^^iHaecxHň (J>^ia- 
hcox, xoTopbiň, noTepflB onopy, noBopaaHBaeTca 
Boxpyr ocHHayroji 90° h ct3hobhtch bhahhm aepe3 
CTexjiHHHoe oxomeaxo b xpumxe. Ilpn stom Taxwe 
3aMuxaeTca cjia6u8 xoHTaxt, npnroAHHfl ajih ue^efi 


CHrHajiH3au,HH. <I>^aHcox B03BpamaeTCH b ncxoAHoe 
noJioaceHHe ot pyxn. HajiHane CBeTOBoro cnrHa^a 
OT ĎJIHHXepa AaeT B03M0HCH0CTb XOHTpO^HpOBaTb 

ero CBoeBpeMeHHoe B03BpameHHe b ncxoAHoe no- 
AoaceHHe nocjie AeflcTBHH 3amHTu h^ih c^ynaů- 
Hbix MexaHHnecxHX to^hxob, npHBOAamHX HHorAa 


x BbinaAeHHio HeAOCTaTOHHO xoporno oTpery^a- 
poBaHHoro (|)aa>Kxa. 



npHHHMaeMtie ycjioBHbie H3o6paxceHHH 6 ahh- 
KepoB niLHhi Ha 4»Hr. II, 90. 

riocTOHHHbiň tok Ha onepaTHBHbie uenn 3 aum- 
th óepeTCH qacTO ot npeAOxpaHHTe./iefi BbiKJiio- 
qaTejia B1 (noaTOMy -{- h — Ha <pHr. II, 87 CHaSaceHU 
HH^eKCOM 1), Ha CHrHaJiH3aHHio HHorAa ot cneuH- 
a^ibHbix npeaoxpaHHTe^iea 6 . 

HeOÓXOAHMO OTMeTHTb, HTO pHA (pHpM CHaĎ- 
acaioT pejie BCTpoeHHbíMH BHyTpb hx ójiHHKepáMH. 
TaKoe peraeHHe Bonpoca hb^hctch 3HaqHTe.abHo 
ť5o./iee Hejiecoočpa3HHM, ocoňeHHO b tom CJiyqae, 
eCJH BCTpOeHHblň Ó^IHHKep (KaK H paCCMOTpeH- 



4>Hr. 11,90. ycflOB- 

Hbie H 3 oópaxceHHfl 
ČflHHKepOB. 


uenb k BcnoMoraTeAbHbíM KOHTaKTaM Ha Baay 
BUK^IIOMaTe^H, TaK KaK C OTKJIIOHeHHeM Bbncaioqa- 
Teaa npeKpamaeTca h OTK^iioqaroniHň nepeMeHHbiž 
TOK. CHrHaaH3aUHH AefiCTBHH 3aUlHTbI OCymeCTB- 
JIHeTCH ÓaHHKepOM, BCTpoeHHblM BHyTpb pejie. 
Oh yCAOBHO H30Ópa)KaeTCH KBaApaTHKOM B Bepx- 
Heft aeBofl qacTH pe^ie. 

Ha <j)nr. u,92 npHBeaeHa cxeMa 3amHTbi, noAOĎ- 
Haa paccMOTpeHHOfl, ho c nHTaHaeM OTKjuoqaiomeň 
KaTyuiKH HenocpencTBeHHO ot TpaHcipopMaTopa. 
npH pejie cepHH HT-80 X3M3 cxeMa npnMe- 

HHM3 JUM yCT3H0B0K C BTOpHHHUMH T0K3MH, He 

npeBHmaiomHMH~30 A. 

Ha (par. 11,93 npHBeaeHa cxeMa 3aniHTbi b 
AByX<f>a3HOM BHnOJIHeHHH C AByMH HaCUUiawmHMH- 

ca npoMeacyTOHHbíMH TpaHC<popMaTopaMH. ripn- 

MeHaeTca npH h 6 o 6 xoahmocth OTK^iioneHKe noB- 


O) 6) 





11,91. MaKCHMa^bHaH to- 
KOBaa 3 amHTa c orpaHHHeHHo- 
3&BHCHMOH BblflepXCKOHÍ BpeMe- 
HH, C OflHHM peae, BKJHOHeHHblM 
Ha pa 3 HOCTb TOKOB AByx 4 >a 3 H 
imiaHHeM onepaTHBHbix ueneft 
ot npoMeacyToqHoro Hacbímaío- 
meroca TpaHC(J)opMaTOpa TOKa. 


4>Hr. 11,92. MaKCHMajibHan to- 
Kosan 3aii^HTa c orpaHHHeHHo- 
3aBHCHMOH BblflepHCKOH BpeMeHH 
OAHHM peae, BKaiOHeHHHM Ha 
pa3HOCTb tokob flByx $a3 c nn- 
TaHHeM onepaTHBHoft ijenH He- 
nocpe^CTBeHHO ot TpaHC<t>opMa- 
TOpOB TOKa. 


<í>Hr. 11,93. MaKCHMajibHan tokob 3H 3amHTa 

C OrpaHHHeHHO-3aBHCHMOH Bbl^epHCKOH Bpe¬ 
MeHH b ,aByx<j)a3HOM HcnojiHeHHH, paóoTaio- 
maa Ha nepeMeHHOM onepaTHBHOM TOKe 
nojjyaaeMOM ot AByx HacbímaiomHxcH TpaHC- 
<}>OpMaTOpOB TOKa. 


Hblň Bbiuie BblHOCHOfi) KOHTpOJIHpyeT He TOJIbKO 
AeňcTBHe MexaHH 3 Ma pe^e, ho h <f>aKTHqecKoe 
noHBJíeHHe oTK^iroqaiomero TOKa. 

B HacToamee BpeMa npH ycTaHOBKe Ha 3 amn- 
maeMOM sjíeMeHTe TOJibKO oahoř 3 amHTbi b ue^iax 
yAeuieBJíeHna h ynpomeHHa ee ocyiuecTBaeHHH 
oTAe^bHue S^iHHKepbi HHorna AonycKaeTca He 
ycTaHaBJíHBaTb. řípu HajinaHH ÓJiHHKepoB no TeM 
ace cooópaaceHHHM qaero He BunojiHaioT cbcto- 

BOÍ-i CHrHajIH3aUHH. 

Ha (par. 11,91 npHBeaeHa cxeMa 3amHTH c 

OAHHM pe^ie, BKJIIOqeHHblM Ha pa 3 HOCTb TOKOB 
AByx <pa 3 , HMeiomHM orpaHHqeHHO- 3 aBHCHMyio 
xapaKTepncTHKy c onepaTHBHbíM tokom, nojiyqa- 

eMbiM ot cneiiHa^bHoro HacwmaiomerocH TpaHC- 

4>opMaTOpa TOKa, BK^ioqeHnoro Taxace Ha pa3H0CTb 
tokob ^Byx 4>a3 (ipHr. II, 83). B AaHHoň cxeMe 
HeT HeoĎXOAHMOCTH nOABOAHTb OTK^ioqaiomyK) 


peacAeHHň (nByxcj)a3HbJX kopotkhx 3aMbiKaHHfl) 
3a TpaHC^topMaTopaMH c . coeflHHeHHeM oÓmotok 
3Be3Aa-Tpeyro^bHHK. 

15. PA3BEPHyTblE CXEMbl 3AIU.HT 

B nocAeAHee BpeMa mnpoKoe pacnpocTpaHe- 
HHe (b qacTHOCTH A^ia H3o6paaceHHa 3amHT) no- 
AyqHjiH TaK Ha 3 biBaeMHe pa 3 BepHyTHe cxeMM, 
Ha3biBaeMbie HHorAa kopotko pa3BepTK3MH. 

Pa 3 BepHyTbie cxeMbi cocTaBaaiOTca OTAe^bHO 
AJia BTopnqHbix tokobhx ueneťi 3 amHTbi, BTopnq- 
hmx uenefl HanpaaceHna 3 au;HTbi h ueneň onepa- 
THBHoro TOKa. flepBHqHaa cxeMa KOMMyTaium 
3 antHmaeMoro 9 AeMeHTa npa stom coBepmeHHo 
He noKa3biBaeTca (b c^yqae ec^H pa 3 BepTKa c^iy- 

MCHT AOnO^IHeHHeM K OCHOBHOH TpexaHHeflHOfl 

cxeMe) hah H 3 o 6 paacaeTca OTAS^ibHO (npH OTcyT- 
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CTBHH TpeXflHHefiHOfi cxeMH). TaKHM o6pa30M 
pefle, npnM£HH6Mbi6 b cxeMe 3aiuHTbi, b ueflOM 
na pa3BepTKax He noKa3HBaioTCH. ToKOBwe o6 - 
motkh ochobhhx pefle, BXOuaiuHe b uenb bto- 
pHHHOrO TOKa TpaHc4)OpMaTOpOB TOKa, H30Čpa- 
xcaioTCH Ha pa3BepTKe tokobhx ueneň. KoHTaKTH 
Tex ace pefle, a Taxace KOHTapn h oómotkh 
* cnoMoraTeabHux pefle, BXOuaiuHe b uenb one- 
paTHBHoro TOKa, H3o6paacaioTCa Ha pa3BepTKe 
ueneň onepaTHBHoro Tona. 


06 MOTKH H KOHTaKTH pefle Ha T 3 KHX cxeMax, 
Kax npaBHflo, MapKupyioTca. ByKBeHHaa aaerb 
o 6 o 3 HaaeHHH cooTBeTCTByeT Taný pefleňHoro 
ofiopyuoBaHHH. HanpHMep, tokobhc pefle 0603- 
HaaaioTca 3 T, HT, pefle BpeMeHH 3 B, pefle npo- 
MeacyTOHHoe 3 FI, éflHHKepn 3 C h t. a. Ecah 
pefle ouHoro Tana ycfaHaBAHBaioTCH b HecKOflb- 
khx 4 >a 3 ax, nocfleAHHe OTMenanoTca HHueiccaMH 
A , B hak C. 

TpaHC(j)opMaTopu TOKa h HanpaxeHHa o6o3Ha- 
qaiOTCa cooTBeTCTBeHHO TT h 77/ hah asiotch 
Booóme 6e3 o6o3HaueHHfl. 

OTK^joaaiomHe H BKAioqaiomHe KaTyniKH bh- 
KAionaTefleň o 6 o 3 HanaioTCH uepe 3 OK h BK, 
KOHT 3 KTH Ha HX Bafly BK . 

Phaom c óyKBeHHbíM o 6 o 3 HaaeHHeM uaHHoro 
afleMeHTa oďhhho ct3bhtch HOMep no3HUHH pac* 
CMaTpaBaeMoro sflenieHTa Ha TpexflHHeňHOů cxeMe 
HflH B CneUHcjjHKauHH. 

Ha 4>Hr. II, 94 H3o6paaceHa b pa3BepHyTOM 
BHfle cxeMa MaKCHMaflbHoň tokoboA 3 aiuHTH c He- 
3 aBHCHMOň xapaKTepHCTHKOň no (jwr. .II, 87; Ha 
4>nr. a — uaHa pa3BepTKa ee tokobhx ueneň, a 
na 4>Hr. 6 —pa3BepTKa ueneň onepaTHBHoro TOKa. 

Pa3BepHyTue cxeMH 3aiuHTH HMeioT cfleuyio- 
wne ocHOBHue npeHMymecTBa nepea .HopMaflb- 
HUMH* TpeXflHHeňHUMH cxeMaMH: 

1) 3HaaHTeflbHO oófleruaioT uTeHHe caohchhx 

cxeM 3amHT; 

2) HBflHIOTCH 3 HaUHTeflbHO ĎOflee yaOÓHblMH 
aah KOHTpofla npaBHflbHocTH cxeMH b OTHome- 
hhh nocfleaoBaTeflbHocTH aeňcTBHH oTaeflbHux 
9 fleMeHT 0 B, OTcyTCTBHa pa 3 Horo poaa OĎXOUHUX 
ueneň onepaTHBHoro TOKa, Morymax npHBOAHTb 
K HenpaBHflbHUM AeHCTBHHM 3 aiUHTH, H T. A. 
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3) TpeóyioT MeHbuiero BpeMeHH aah ^Boero 
H3o6paaceHHH, ocoóeHHO npn cfloxcHHg cxeMax. 

16. OEJIACTb nPHMEHEHHň MAKCHMAJIbHOft 
TOKOBOft 3ALU,HTbI 

MaKCHMaflbHaa tokob 3 h 3amHTa b paccMOT- 
peHHOM ee BHnoflHeHHH c tohkh 3peHHa ochobhhx 
TpeóoBaHHň, npeflT>HBflaeMbix k fltoóoň 3am.HTe 
(cm. BBeaeHne), AOflKHa ĎHTb b cflyaae ycTaHOBKH 
ee Ha ahhhhx oueHeHa CfleAyromHM 06- 
pa30M. 

1. CefleKTHBHOCTb aeňcTBHa. 
3amHTa oóecnenHBaeT cefleKTHBHoe ot- 
KflioqeHHe noBpeacaeHHň no npHHunny 
CBOerO UeňCTBHH TOflbKO B paflHaflbHHX 
CeTHX C OflHOCTOpOHHHM nHT3HHeM. IIpH 
9TOM nOA HCTOHHHK3MH nHT3HHH B OĎIUeM 

Cflyaae hco 6 xoahmo noHHMaTb He TOflbKO 
reHepaTopH, ho Taxace KpynHne ycTa- 
HOBKH C CHHXpOHHHMH ABHraTeflHMH h 
KOMneHcaTOpaMH. 

2. BbicTpoTa aeňcTBHH. 3auiHTa, 
KaK npaBHflo, aaace np» npHMeHeHHH orpa- 
HH4eHHo-33BHCHMbix pefle co cneuuaflbHo 

noaoĎpaHHHMH xapaKTepHCTHKaMH HMeeT BecbMa 
ČOflbUlHe BHaepHCKH. řípu 9T0M HeOĎXOflHMO 
HMeTb B BHfly, UTO BHflepjKKH BpeMeHH 3aBHC8T 
ot uucfla nocfleaoBaTeflbHbix ynacTKOB b ceTH, 
yBeflHHHBaacb no Mepe npHÓflHaceHHH k hctoh- 
HHKy nHTaHHH. IlosTOMy Ha roflOBHHx yuacjKax, 
rae ÓHCTpoe OTKflioqeHHe noBpeacaeHHň c to^kh 
3peHHH 6ecnepe6oflHofl paSoTH ocTaflbHoň~qacT» 
CHCTeMH ocoóeHHo BaacHo, 3amHTa paóOTaeT 
HanĎoflee MeafleHHO, oSycflOBflHBaa aah paaa 
CAyqaeB coBČpmeHHO HeuonycTHMbie BpeMeHa 
OTKAioqeHHH noBpeHcueHHň. 

3. HyBCTBHTeflbHOCTb. MyBCTBHTeflb- 
HOCTb 3autHTH onpeAeflfleTCH ee i p . m , BHÓnpae- 
mhm Ha 30 — 50% čoflbuie MaKCHMaflbHoro paóo- 
uero TOKa uaHHofl ahhhh. TaKaa qyBCTBHTeflb* 

HÍKTTb 3auiHTbI AAH BblCOKOBOflbTHbIX AHHHfl, nOB- 

peHcueHna Ha kotophx qacTO conpoBOHCuaiOTca 
3H3HHTeflbHbIMH nepeXOflHHMH COnpOTHBfleHHaMH, 
a TaKHce A^n ceTeň c CHAbHO K0fle6flX)uieňca 
reHepapyionieň MomHocTbio, b HeKOTopnx cflyia- 
ax HeuocTaToaHa. 

4. HauejKHOCTb. 3amuTa no xapaKTepy ee 
cxeMbi h THnaM pefle BecbMa npocTa h b Aocra- 
TOHHofl CTeneHH HaAeacHa. 

npHBeAeHHaa oueHxa AaeT B03MOHCHOCTb on- 
peAeflHTb očflacTb npHMeHeHHH 3aniHTH. B na- 
uecTBe ochobhoA oHa ycTaHaBAHBaeTca b pacnpe- 
AeflHTeflbHbix paAHaflbHux ceTax HanpaxceHHeM 
35 kV h HHHce c oahhm reHepnpyioniHM hctohhh- 
kom, Korua oóycAOBfleHHbie efl BbiAepxcKH Bpe- 
y MeHH aBflaroTca AonycTHMHMH. TaKoe noflOHcerae 
MoaceT, HanpHMep, 6HTb Aa3Ke b oTBeTCTBeHHoň 
ceTH, AHHHH KOJOpOŮ CHaÓHCeHH peaKTOpaMH. 

rioflyqaioiuHecH b stou Cflyaae ocTaTOHHHe sa- 
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ÝMr. 11,94. Pa 3 BepHyiaH cxeMa MaKCHMajibHOÍI tokoboí! 3amHTbi 
c He33BHCHMOH xapaKTepucTHKOH no $Hr.‘ n. 78. 



npflaceHHH Ha mHHax ochobhhx noACTaHUHň Ów- 
B3IOT T3KOBbI, HTO BblAepHCKH ' BpeM£HH 3aiUHTbI 
He MoryT, Kax npaBHAO, HapyuiHTb 6ecnepe6oňHoň 
paóoTbi HenoBpeacAeHHOů aacTH CHCTeuu. 

B yKa3aHHbix pacnpeAeAHTeAbHbix ceTHX ao ji- 

HCHbl, B HaCTHOCTH, UIHpOKO HCn0Ab30BaTbCH H3H- 

Ďcuiee npocTbie h HaAeácHHe cxeMbi 3 amaTbi— c 
peAe npaMoro AeflcTBaa h Ha onepaTHBHOM nepe- 
M6HHOM TOKe. 


17. MAKCHMAJIbHAÍI TOKOBAH 3AIUHTA C OTCEHKOft 

MaKCHMa^bHOft TOtfOBOft 3 a m H T o ň 
c oTcenKoň hah npocTO tckoboíí OTCei- 
K O ň H33bIBaiOT MrHOBeHHyiO MaKCHMaAbHyiO TOKO- 
Byio 3aiUHTy, CeAeKTHBflOCTb AefiCTBHH KOTOpOfi 
no OTHonieHHio k 3amHTati CMéwHbix yqacTKOB 
AocTHraeTCH ycTaHOBKOň cooTBeTCTByiomero i p . m 
(cm. ta. II, § 1). /leňcTBHe 3amHTbi Ha 3aiuHiuae- 
mom yqacTKe oéecneaHBaeTCH TeM, hto bcahhhhm 
TOKOB nOBpejKACHHa B AHHHH onpeAeAHioTCH con- 
pOTHB.ieHHeM OT HCTOHHHKOB nHT3HHH AO MCCTa 

noBpewAeHHH, yMeHbmaacb c yAaaeHHeM nocAeA- 
Hero. íloaTOMy b pane CAyaaeB yAaeTCH bh 6- 
p3Tb ip.m 3amHTu Tax, hto, paóoTaa npa 3aMU- 
KaHnax Ha a3hhom yaacTKe, OHa He AeňCTByeT 
npH 33MbiKaHHHX BHe ero 3a caeT yMeHbmeHHux 
3HaaeHHň tokob b o6motk3x peae. 

flpHHUHn AeňCTBHa 3amHTw paccMOTpeH Ha 
4>nr. 11,95 aah ahhhh, HMeiomeň reHepapyiomae 

HCTOHHHKH C OÓeHX CTOpOH. ĎpH KOpOTKOM 3a- 
MblKaHHH B TOHKe F' y U1HH AeBOfl nOACTaHUHH 
Ha OAHOH H3 COCeAHHX AHHHH TOK B A3HH08 AHHHH 

HMeeT MaKCHMaabHoe 3HáaeHae. řípa nepexoAe 
tohkh 3aMbiKaHHa F' Ha paccMaTpHBaeMyio ahhhio 
h no Mepe npHĎAHHceHHH ee k npaBoň noACTaH- 
HHH TOK B03paCTaeT no KpHBOfi 1 . Opa KOpOTKOM 
3aMHKaHHH b TOHKe F" y hihh npaBoň tiOACTaH- 
UHH, T3K>Ke Ha OAHOň H3 COCeAHHX AHHHŮ, TOK 


b AaHHoň ahhhh HMeěT MaKCHMaAbHoe 3HaaeHHe 
ho. no Mepe npaĎAHHceHHa tohkh F" k uihh 3 m 
AeBofl noACTaHuaa stot tok B 03 pacTaeT no Kpn- 
Boft 2. JIah toto hto6u 3 amHTbi, ycTaHOBAeH- 
Hbie Ha AaHHoň ahhhh, paóoTaAH ceaeKTHBHo, 

HX Ip.m AOAHCeH ČblTb B 3 HT ĎOAbUie TOKOB I„ x H 
ItOy paccaaTaHHbix aah Tex peacHMOB 'paóoTbi, 
KOTOpbie AaioT HaačoAbHiHe ax 3 HaaeHan. B pac- 
CMHTpHBaeMOM CAyaae /* 2 ]>/ki. noaTOMy c yae- 

TOM k» OAHHaKOBblň AAH 
3 aUlHT OĎOHX KOHHOB 
AHHHH TOK TpOraHHH: 

Ip. m = k H • / K 9 HAH 

— - (11,61) 

3amamaeMbie 30 hm 
onpeAeAaioTca aÓcuHC- 
caMH ToaeK nepeceae- 
HHH KpHBblX / H 2 C 
npaMOň Ip. m . KaK CAe- 

AyeT H3 4>ar. 11,95, 

3 amaTa, yCTaHOBAeHHaa 
Ha JieBoň nOACTaHUHH, 
3amHmaeT npHAeraio- 
rnyio k Heft aacTb L x 
ahhhh, 3 amaTa npaBoft 
noACTaHuaa — aacTb L 2 
A HHHH. B AaHHOM HaCT- 
hom CAyaae npn noBpe- 
HCAeHHHx, pacnoAoaceH- 
hux b cpeAHeft aacTa ahhhh Ha aahhc L—L x —L,, 
hh OAHa H 3 3 am,HT He AeňCTByeT. 

HeoóxoAHMO OTMeTHTb, hto npn npaKTHae- 
ckhx pacaeTax 3 amHniaeMbix 30 H aoahhu óbiTb 
paccMOTpeHu He TOAbKO peacHMbi, Aaromne MaK- 
cHMaAbHbie 3 HaaeHHH tokob KopoTKoro 3 aMbiKa- 
HHH, HO T 3 K 3 Ke HOpMaAbHbie, a B IieKOTOpUX CAy- 
aaax a MHHHMaAbHbie. 

Ha <J)Hr. 11,96 npaBeAeH aacTHbiň CAyaafl ac- 
noAb30BaHHn OTceaKH npa 3amHTe paAHaAbHwx 
peaKTHposaHHbix ahhh8 nocpeACTBOM peAe c 
orpaHHaeHHO-3aBBCHMOň xapaKTepacTHKoň THna 
HT-81 X9M3 (cm. ta. II, § 9), HMejomnx npncno- 
coÓAeHae aah ocymecTBAeHHH OTceaKH, HaaHHan 
c AByxKpaTHoro I p . m -. npa npaHHTOM BbinoAHeHHH 
3amHTbi HanĎOAee TaseAbie aah CHCTeMbi no- 
BpejKACHHH Me»CAy BbiKAioaaTeAeM h peaKTopoM 
(ToaKa F') a b nepBbix BHTKax nocAeAHero, co- 
npoBOHCAaromHeGH caAbHoň nocaAKOň HanpaHce- 
HHH, OTKAIOaaiOTCH MTHOBeHHO. npH 3H3aHTeAbHO 
MeHee onacHwx noBpeacAeHBHx 3a peaKTopoM 
(ToaKa F") 3am,HTa paĎOTaeT b 3aBHCHMofl hah 
He3aBHCHMoň aacTa xapaKTepacTHKH, oóecnean- 
Baiomeů ceAeKTHBHocTb no othouichhio k nocAe- 
AyioniHM yaacTKaM. 

TaKoe HcnoAb30BaHae OTceaKH bo3mohcho 
TOA bKO npH BHKAIOaaTeAHX, paCCaHTaHHHX Ha 
OTKAIOaeHHe TOKOB KopoTKoro 3aMbIK3HHH AO 
peaKTOpa, 



<J)ar. 11,95.. JXnarpaMMa pacaeTa vcaKCHMaabHOH <í>Hr. II,96. KoMÓHHHpouaHnaa MaKCH- 

tokoboh 3am.HTbi c OTce^Koic. uajibnaa tokob3k 3am«Ta peaKTHpo- 

BaHHoři a hhhh, ocymecTBaeHHaa no- 
cpeflCTBOM peae THna HT-81 X3M3. 
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B CHCTeMax c MajibíMH TOKaMH aaMbiKaHHsj Ha 

3eM^io (KOMneHCHpOBaHHbix, 3a3eM^eHHbix qepe3 
BblCOKOOMHbie aKTHBHbie COnpOTHBJíeHHH HJIH 
HMeiOmHX H30JIHp0BaHHyi0 TOHKy) fp. rn BblĎHpa* 
eTCH, hcxoah H3 pacqeTa Tpex(j)a3Hbix MeTaji- 
JIH^eCKHX KOpOTKHX 3clMbIKaHHH. 3 t 0 BbI3bIBaeTCíl 
TeM oócTOHTeJibCTBOM, qTO Haqa^bHbie tokh npn 
^aHHOM BH^e noBpexcAeHHH HMeioT, kbk npaBHJio, 
HaHóo^buiHe 3HaqeHHH. B CHCTeMax c Han/iyxo 
3a3eMJieHHOň Hy^eBOfl TOqKo8 tokh npn oaho- 

4>a3HbIX H £ByX(j)a3HbIX 33MbIKaHHHX Ha 36MJIIO 
MoryT 6biTb Ďo^brne tokob Tpex4>a3Horo KopoT- 


TOK i e9 nOHBJIHKJmHHCH BO BTOpHqHOH OĎMOTKe TpaHC(})Op 
MaTopa Tona, onpeaejiHeTCH noACTaHOBKoň 3HaqeHHH i HaM no 
BwpaiKeHHK) (11,48) b ypaBHeHHe (11,47): 


i e = — sin o sin (<ot — &) l ' m + cos 2 8 l’ m e 

t 


l D2 — 


7z>2 


1 Dl 


Tpi j' ~ 

Td2 — r D1 m 


t d 2 . {ií, m 


Td2—Td 1 m 

OT^eJibHbie caaraiomne b BbipaxíeHHH (11,62) o3HaqaioT 
caeayiome e: 

1. nepBbiH qjieH npeacTaBjíaeT co6oh nepnoAHqecKyic 
cocTaBjíjnomyio nepBHqHoro TOKa, KOTOpan noayqaeTCH pac- 
npe^eJieHneM /' cos a>t Meacay rnymoM HaMarHHqHBaHH?, 
m H BTOpHqHOH OÓMOTKOH 

TpaHC(j>opMaTOpa. Ilo- 
CKOJIbKy npH OTCyTCTBHH 
HacbímeHHH MarHHTonpo- 
BOAa Ha HaMarHHMHBaHHe 
HfléT He3HaHHTeJIbHWK 

tok, paccMaipHBaeMaa 
cjiaraioman no BejinqHHe 
6jiH3Ka k npHBeAeHHOMy 
3HaneHHK) nepHOAHqecKoft 
cjiaraiomefí ť m nepBHqHo- 
ro TOKa. 



4>nr. 11,97. AnarpaMMa 

3aBHCHMOCTH MTHOBeHHblX 
3HaneHHH BTOpHqHoro to- 
Ka h ero cocTaBjíniomHx 
b TpaHc^opMaTOpe Tona 
npn nepexoAHOM npouec- 
ce (npn nocTpoeHHH npw- 
hhto 7/)!= 0,1 cen.; Tq 2 — 
=1 ceK.; Irr 


I m — !)• 


Koro 3aMbiKaHHH. nosTOMy^jiH ceTe8 9Toro THna 
pacneTHbi8 bha noBpeac^eHHH npHXOAHTca ycTa- 
HaBJIHBaTb nyTeM BbiqHC./ieHHH TOKOB A./IH pa3HbIX 
BHAOB KOpOTKOrO 3aMbIKaHHH HSLllÓbJíee THHteJIblX, 
ho peajibHbix b BKcn^oaTauHH peacHMOB pačoTbi 
CHdeMbi. B 9thx c/iýqaax MHor^a juin 3amHTbi 
ot 33MbiKaHHH Ha 3eM juo čojiee uejiecoo6pa3HO 
HCll0^Ib30BaTb TOKOBbie OTCeHKH HyjieBOH noc- 
^e^oBaTe^bHOCTH (cm. Tanace ivi. II, § 18). 

npH Bbióope Ip.m paccMaTpHBaeMoB MraoBeH- 
hoh 3auxHTH, paóoTaiomež npaKTHqecKH c BpeMe- 
HeM AeBcTBHH, H e npeBoexoAHmHM HecKOJibKHX 
nepHOAOB, npHXOAHTca yqHTbiBaTb anepHo^Hqec- 
Kyio cjiaraiomyio nepBHHHoro TOKa noBpexcAeHHH 
h CBoóoAHbie anepHo^HqecKHe c/iaraiomHe tokob, 
B03HHKai0mHX BO BTOpHMHblX UteiIHX 3amHTbI B MO- 
MeHT noHBJíeHHH noBpexcAeHHH. 

npe^nojioHciiM, qio noBpeHcaeKHe npoH3ouuio b momcht 
npoxoiKAeHHH nepno.nnqecKOH cjiaraiomeft Tona KopoTKoro 
3aMbiK3HH5T qepe3 MaKCHMyM. B 9 tom cjiyqae (cm. ra. II, § 11) 
nepBviqHbiH tck, hmcioiuhh nepHOAwqecKyio i v h anepnoan- 
qecKyio i D c^araiomne, BbipaHcaeTCsi cjieayiomHM oópa30M: 

„ t 

V = l m cos 0 )ť - I m e T oi. 


2. TpeTHH qjieH BbipaaceHHH npe^cTaBJíqeT coóoh BUHy)K-' 
AeHHyio anepHOfluqecKyio cjiaraiomyio, nojiyqaiomyiocfl ot 
pacnpe^ejieHHH anepHOflHqecKoň c^araiomeH nepBHqHoro 
Tona Me^c^y inyHTOM HaMarHnqHBaHHH h BTopHqHoň uenbio. 
3to pacnpe^eJieHne npOHcxojiHT b cooTBeTCTBHH c nocTOHH- 
HbiMH BpeMeHH T CHCTeMbi h 7/) 2 BTopnqHOH iienu TpaHC- 
(popMaTOpa TOKa [cm. BbipanceHHe (11,49)]. BbíHyjKAeHHaa 
anepHOAHqecKan cocTaBJíniomaH 3aTyxaeT b cootb6tctbhh 
C nOCTOHHHOH Bp6M6HH nepBHqHOH UenH Tqi. 

3. BTopnqHaH uenb TpaHC^opMaTopa TOKa, b KOTOpoň 
HMeeT MecTO tok i e h KOTopan ěbiaa nojiOHceHa b ochobv 
AJ iq onpeAeaeHHH ero BejinqHHbí, coaepHCHT TOJbi<o aKTHB¬ 
Hbie conpOTHBjíeHHH BTopnqHoň oómotkh TpaHC^opMaTopa 
r e h Harpy3KH (b BH,ae pejie) r HCLZp . FIosTOMy nepHOAHqecKaís 
h BbíHyiKAeHHafl anepHOflHqecKaa cocTaBjw lomné noHBJínioTca 

B P ejie MTHOBeHHO H He BbI3bIBHK)T B03HHKH0BeHHH K3KHX- 

jihóo cboóo^hmx anepHO,HHqecKHx cocTaBjíaiomHx. 

4. Btopoh h qeTBepTbiil qjieHbí oóycjiOBjeHbí CBOČo^HbíMn 
anepHOAHqecKHMH cocTaBjíaiomHMH, boshhkbioiuhmh b cBa3H 
C HeB03M0>KH0CTbK) MrHOBeHHOrO noaBJíeHHa TOKOB B myHTe 
HaMarHHqHBaHHH, HMeiOmeM HHAyKTHBHOCTb L HaM [CM. T3K)Ke 
btopoh h qeTBepTbiil qjieHbí BbipaaceHHH (li, 48) ajih TOKa 
HaMarHHqHBaHHH / wajw ]. 9 th cBoóoAHbie cocTaBjíaiomHe myH- 
Ta HaMarHHqHBaHHH 3aMbiKaioTCH qepe3 pe^e h TaKHM o 6- 
pa30M BJIHHKDT Ha BeJIHqHHy BTOpHqHOro TOKa. 

yrOA 8 ÓJIH30K K 9u°. Il03T0My BTOpOH qjieH (11,62) 
BecbMa Maji h hm moíkho npeHeópeqb. C yqeTOM yKa3aHHoro 
AonymeHHH Ha $nr. 11,97 noKa3aHo H3M6HeHHe noJiHoň Be- 
AHqHHb! l Q H ero OCHOBHbIX COCTaBJIHKHUHX B (|>yHKUHH Bpe- 
MeHH. 
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9<})<}>eKTHBHoe 3 Ha*ieHHe'T 0 Ka i e , cymecTByromero b Tepe¬ 
jme ti nepnoAOB npoAOJiHCHTejibHOCTbK) T Ka»flbifi, cocraB- 
jiflei _ 

4. n=V% dL ( n -63) 

Ha ocHOBaHHH npOBeneHHoro paccMOTpeHHH mohcho cae- 
jiaib cjieayiomHe BbiBOAbi: 

1 ) 3 a cneT HajiHHHH anepHOAH^iecKOH cocTaBAHiomen b 
nepBHHHOM TOKe KOpOTKOrO 3aMbIKaHHH KaK MTHOBeHHbie, 
TaK H 3 (|)(|) 6 KTHBHbI 6 ( 3 a HeCKOJIbKO IiepHOAOB) 3 HaqeHHfl 
tokob b peae MoryT npeBocxoAHTb cooTBeTCTBylomné 3 Ha- 
qeHHn nepHOAnqecKOH cociaBAHiomeH; sto HeoóxoAHMO 
yqmbiBaTb npH Bbióope yciaBOK óbiCTpOAeHCTByiomHX 3 a- 
1 UHT, B qaCTHOCTH paCCMaTpHBaeMOH TOKOBOH OTCe^KH. 

2 ) npH lipHM 6 H 6 HHH ÓOJiee MOmHbIX H TO^HO paÓOTaiOmHX 
TpaHc^opMaTopOB TOKa, HMeiomHx, cjieAOBaieJibHo, óojibinne 
3 HaqeHHH IIOCTOflHHOH BpeMeHH, BO BTOpHHHiblX OÓMOTKaX 
TpaHC^opMaTopOB TOKa h peae MoryT HMeTb MecTO npn 
nepexoflHbix npoueccax OTHOcmejibHo óojibiiiHe i e . 

Bu 6 op I p.m MHKCHMHJIbHbIX TOKOB 3 HIIXHT C OT 
ceaKOň npoH 3 Bon.aT odwqHO, hcxoah h 3 BiJxpeK' 
THBHoro 3HaaeHHH nepHOflHqecKofi cjiaraiomeii 
TOKa noBpeacAeHHH 3a nepBbiň nojiynepnoA- 

Hajinane anepHOAHaecKHX CAaraiomHX, a TaKace 
nOBbímeHHblX TOKOB npH HeCHMMeTpHqHHX Tpex- 
4»a3Hbix 3aMbiK3HHHX (tji. I, § 2) yqHTUBaeTca co* 
oTBeTCTByiomefi BejmaKHOů k H (11,61), KOTOpaň 
Ha ocHOBaHHH aKcnjioaTauHOHHbix aaHHbix npnHH- 
MaeTcapaBHHM 1,2—1,5. Taxne ^„BpaAe cnyqaeB 

OKa3bIB3IOTCH TaKHCe AOCTaTOqHHMH AJIfl npeAOT- 
BpameHna HenpaBHAbHoro AeficTBHH 3amHTu 
np» KaaaHHax. OflHaKO HHoraa stoíí ue^H 

npnxoAHTca k H Aono.rcHHTe.nbHO noBbímaTb. 

IlOBeAeHHe MaKCHMajibHoft tokoboA 3amHTbi 
npa KaaaHHax noxasaHO na (jmr. gs, r^e 060 - 
3HaaaioT: i p — tok qepe3 pe^ie MaKCHMajibHoro TOKa 
HpH KaaaHHax; i p . m — tok TporaHHa 3amnTbi c 
He33BHCHMOň XapaKTepHCTHKOfl; ip. e — TOK B03- 
Bpaia toS ace 3 amHTbi; t p — npoAO^iacHTe^bHOCTb 
aeflCTBHa 3amHTbi npa Kanaimax. 

Ecjih BpeMa t p OKaaceTca 6 oJibiue BpeMeHH 
cpaóaTHBaHHH 3 a®HTbi, oHa cpačoTaeT h otkjiio- 
hht HenoBpeacAeHHyio jihhhio. 

MaKCHMa^bHHe tokobuc OTceqKH paĎOTaiOT 
6e3 BbiAep3KKH BpeMeHH, noaTOMy hx OTCTpoňKa 
OT TOKOB npH KaaaHHHX AOflHCHa npOH3BGAHTbCH, 
KaK yKa3bIBaAOCb Bblrne, BblČOpOM COOTBeTCTByiO- 

mero i p . m , óo^bmero, qeM i p . MaKCHMaabHbie ace 

TOKOBUe 3 amHTH HOpMa^IbHOrO BbinOJIHeHHfl H./IH 
CHaĎaceHHue s^ieMeHTaMH HanpaBJíeHHH moiuhocth 
(cm. ta. III), KaK npaBHJio, hMeiOT BUAepacKH 
BpeMeHH 6 oAbiue t p , nosTOMy ohh b TeaeHHe 
o^Horo u,nK^ia KanaHHň cpadoTaTb He ycneBaioT 
H npH KaXCAOM HOBOM UHKJie npH ĎbICTpOM B 03 - 
BpaTe pe^e HaHHHaiOT otchct BbiAepaceK BpeMeHH 
c Hyjia, TaK hto npn KaqaHHax Aaace 6 e 3 BcaKOň 
AonojiKHTeyibHoil peryjiupoBKH ohh He AefiCTByroT. 

B HaCToaiH.ee BpeMa ajih 3 amKTbi ot nepeHa- 
npaaceHHň jihhhíí bucokoto HanpaaceHHa, noa- 
HOCTbK) He nOKpMTblX TpOC 3 MH, npHMeHHK)TCH 
neHOHHue (TpyóqaTbie) pa 3 paAHHKH. HopMa^ibHoe 
BpeMa AeňcTBHH aghohhux pa 3 p hahhkob npH- 


MepHO cocTaBAaeT okoao noAnepHOAa paóoqe 

qaCTOTH. npH 9T0M HeOČXOAHMO CqHTaTbCH C B03' 
MOaCHOCTbK) MHOTOKpaTHOrO AeňCTBHH p33paAHH- 
kob c HHTepBajiaMH nopaAKa oAHoro nepnoAa h 
B uuie, a TaKace c 3aTaacK0fi b HeKOTopwx c^iyqaax 
BpeMeHH hx paóoTbi ao OAHoro-nojiyTopa ne- 
PHOAOB. 

OAHOBpeMeHHoe AeňcTBHe ashohhhx pa3j)HA- 
hhkob Ha AByx hjih Tpex (pa3ax b CHCTeMax jik>- 



®nr. 11,98. AnarpaMMa paóoTbi MaKCHMaabHOH tokoboB 3a- 
mHTbi npH KaqaHHax. 



4>nr. 11,99. CxeMa MaKCHMaabHofl tokoboB 3amHTbi c oTceqKoB. 

6oro THna h AeňcTBHe hx Aaace Ha oahoA 4 1336 
b CHCTeMax c Haiviyxo 3a3eMaeHHbiMH ny^eBbíMH 
■T0qK3MH BbI3bIBaiOT B03HHKH0BeHHe Ha .THHHH H3 
Bce BpeMa paóoTbi ee pa3paAHHK0B HCKyccTBeH- 
Horo KopoTKoro 33MbiKaHHa, conpOBoacAaiomerocH 
COOTBeTCTByjOIHHMH T0K3MH IlOBpeaCAGHHH. Bpe- 
MeHa aeňCTBHa MTHOBeHHHX tokobmx pe^e THna 
3T-60 (cm. ivi. II, § 6), npHMeHaeMbix oóuqHO a^ih 
ocymecTBAeHHH 3aniHT c OTceqKOň, cocTaBAHior 
npn AByxKpaTHOM (ot TOKa TporaHHa) Tone b pe.ie 
npHMepHO OAHH-no^Topa nepnoAa, noHHJKaacb npa 
Ďo^bniHx KpaTHOCTax ao no^nepHOAa-OAHoro ne- 
pnoAa. TaKHM o6pa30M BpeMeHa AeřicTBHH mtho- 
BeHHbix tokobhx pe^e 0Ka3biBai0TCH Toro ace 
nopaAKa, hto h BpeMa paĎOTbi AeHOHHbix pa3paA- 
hhkob. riosTOMy AJiH npeAOTBpameHHa Henpa- 
BH^ibHoro AeňcTBHH 3auxHTbi npn paóoTe pa3paA- 
hhkob npHxoAHTca HecKOJibKO noBbímaTb BpeMa ee 
AeficTBHH. 3to ocymecTB^aeTca BKJiioqeHHeM b cxe- 
My (<j)Hr. II, 99) BbixoAHoro npoMeacyToqHoro pe^e 2, 
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coĎCTBeHHoe BpeiiH KOTOporo, KO^eójirameecH b 
33BHCHMOCTH OT KOHCTpyKHHH H peryrtHpOBaHHH 
b npenertax jifiyx —neTbipex nepnoAOB, 0Ka3HBa- 
eTca aocTaTOMHUM Ann oňecneneHHfl npaBHrtbHoro 
aeftcTBaa cxeMÚ. 3Ta AonortHHTertbHaa BbiaepacKa 
BpeueHH CHHxcaeT TaKnce BrtHHHHe anepnoAHqe- 
ckhx CrtaraioiH.Hx Ha paĎOTy 3amHTH. 

IIpHBeAeHHoe pemeHne Bonpoca o KoopAHHaijHH 

aeňCTBHH MrHOBeHHbIX 3am.HT H pa3p»AHHKOB HB- 
.^aeTCH npHHHHnna^bHo HecoBepraeHHHM, BH3bi- 
BaromuM HCKyccTBeHHoe yBertnqeHHe BpeMeH ot- 
■K/noieHHH noBpeHCfleHHfl. O^HaKo Ha HacToamnÉ 
aeHb ajih rtHHHň c achohhumh pa3pa^HHKaMH neT 
apyrax 60 rtee coBepnieHHbix peineHHťi aaHHofi 
npoó^eMbi. 

Ha OCHOB3HHH paccMOTpeHHa npHHuana aefi- 
■CTBHa M3KCHMartbHOň TOKOBO® 3 aiU,HTbI C OTCeHKOt 
mo)kho caejiaTb c^eXyioniHe bhboali: 

1 ) 3 amHTa no npHHUHny AeňcTBHH npnroAHa 

K yCT3HOBKe Ha rtHHHHX B ceTH JltOČOň KOH^Hry- 
pauHH c rtioóbiM qacrtOM hctohhhkob nHTaHHa, 
OAHaKO b pa^e crtyqaeB cooTHomeHHe Meaca,y 
TOK3MH npa BHyTpeHHHX H CKB03HHX 3aMbiKaHHax 
MO»eT 6blTb TaKOBO, HTO npaKTHneCKH 3amHT8 
OKaaceTca HeocymecTBHMoň; 

2) 3ainHin,aeMaa 30Ha, coCTaBrtHiomaa TOrtbKO 
aacTb whhh yaacTKa, CHrtbHO KOrteórteTCH b 3 a- 
bhchmocth ot BejiHauH tokob noBpeatAeHHH; B 
CBH3H C 9THM, HanpHMep, npH 3aMUKaHHHX qepe3 

3 HaHHTejibHue R n 3 aiunmaeuafl 30Ha mohcct chh- 
xtaTbca flo Hyrta; 

3) ocHOBHbíM aoctohhctbom 3awHTbi HBrtaeTCH 
to, hto OHa oSecneaHBaeT ČHCTpoe OTKrtioqeHHe 
noBpeacAeHHfl b6ah3h uihh noACTaHunfi, Hanóortee 
onacHHx Arta paĎOTH chctcmm. 

flo9TOMy MaKCHMaAbHaa TOKOBaa 3amHTa c 
OTceaKoň, xax npaBHrto, npHMeHaeTca c ycnexoM 
xaK BcnoMoraTe^bHaa nna coKpameHHa BpeMeH 
OTIUIIOneHHH HOBpeHCAeHHň HrtH ArtH OTKJIK>qeHHH 
noBpeacAeHHň, pacnoAoaceHHUx b Tax Ha3biBaeMbix 
MepTBHX 30HaX OCHOBHbIX 3amHT, HMeiOIHHX Op- 
raHU HanpaBJíeHHH MomHOCTH (cm. rrt. III). 

Oah3ko b HeKOTopwx nacTHbix crtyqaax 3amn- 
Ta Mo*eT čbiTb h ochobhoíí, HanpHMep, Ha pa- 
AaaJibHoň ahhhh, nnTaiomeň noHHHtaiomHň TpaHC- 
4>opMaTop. B 3tom crtyqae mohcho AonycTHTb ee 
AeftcTBHe npn noBpexcAeHHax b TpaHC(})opMaTope 
a 3 a caeT stoto BbinortHHTb oxBaTbiBatomeň bck> 
AJiHHy 3amnn^aeMoro yaacTxa. 

18. MAKCHMAJIbHAfl TOKOBAA 3ALUHTA HyjIEBOň 
nOCJlEflOBATEJlbHOCTH AJIA CET^ft C HArjiyXO 
3A3EMJIEHHOH HyjlEBOň TOHKOň 

MaKCHMaAbHaa TOKOBaa 3am,HTa HyjieBofi no- 
cjieAOBaTejibHOCTH ocyniecTB^aeTca nocpeACTBOM 
pejie, BiunonaeMoro Ha <J>HJifcTp tokob Hy^eBoň 
nocjieAOBaTeAbHocTH. ^a ceTeS c Har^yxo 3a- 

3eMAeHHbIMH Hy^ieBbíMH ToaxaMH, K KOTOpbIM 

b CCCP OTHOCaTca npeHMyniecTBeHHO B 03 AyiiiHbie 
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ceTH HanpaaceHHeM 110 kV h Bbirne, <|)HAbTpH 
tokob Hy^eBoň nocAeAOBaTeAbHOCTH ocymécT- 
BAHK)TCa TpeMH TpaHC<|>OpMaTOpaMH TOKa, COeAH- 
HeHHblMH B aHCTyiO KOMĎHHHpOBaHHyiO CXeMy 

ŤoAbMrpHHa (cpHr. 11,55, 11,57 h 11,58). 

npHHUHH AeflCTBHa 3aniHTbI paccMOTpeH Ha 
npnMepe npnMeHeHHa ee aah pa^Há^bHoň ceTH 

C HyJieBOŘ TOHKOft, HarAyXO 3a3eMAeHHOfl TOAbKO 
CO CTOpOHW HCTOHHHKa nHT3HHa ((JíHT. II, 100). 
npH noBpejKAeHiiax Aioóoro bha 3 Ha CTopoHe 
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4>nr. 11,100. KoM6HHHpoBaHHas MaKCHMa.ihHaa TnKonaa 3 a- 
titHTa pajiHaabHOH cem c narayxo 3a3eM.aemioň nyaeBOH 
ToíkoS. 3amipnxoBaHHafl naoma jb noKa3biBaeT coKpaaxeHHe 
BwaepaceK BpeMeHH 3a c^eT npHMeneHHH 3 a luh tu nyaeBoii 
nocaeaoBaTeabHOCTH. 

t 

HH3mero HanpaaceHHa noHHHcaromero TpaHCiJiop- 
MaTOpa, coeAHHHiomero hihhh noACTaminH C h 
B, c nHTaíomeft ctopohh tokob HyjieBoft nocAe- 
AOBaTeAbHOCTH, ÓbITb He MOJKeT. riOSTOMy Bbl- 
AepacKH BpeMeHH 3amHT Hy^eBoň nocAeAOBaTeAb- 
HOCTH, yCT3HaBAHBaeMbIX B ceTH CO CTOPOHH 
nHTaHHH, MOryT Bbl6npaTbC3 COBepUieHHO He33BH- 
CHMO OT yCT3H0B0K 3aiUHT B npneMHOň CHCTeMe 
ĎOAee HH3Koro HanpHHceHHH. 

Bbi6op BbiaepjKeK BpeMeHH cjičAyer HaqHHan 
c 3ainHTbi SAeMeHTa, HanSoAee yaa^eHHoro ot 
HCTOHHHK a nHTaHHH, t. e. c noHHHcaionxero TpaHC- 
(jiopMaTopa. BbiAepaKa BpeMeHH t 3a ero 3amHTU 
3 a MOHCeT ÓUTb B3HTa MHHHMaAbHOfl H nOSTOMy 
onpeAeAHTCH coócTBeHHHM BpeMeHeM AeflCTBHa 
t 0 BXOAamHx b cxeMy MTHOBeHHUx pe.«e. Bu- 
AepacKa BpeMeHH ha 3am,HTbi 4 a, ycTaHOBrteHHoB 
Ha nnTaiomeň rtHHHH co ctopohm noACTaHUHH D, 
corrtacHo CTyneHnaTOMy npHHunny nortHCHa 6 utb 
H a CTeneHb Ař Sortbme bmagp*kh t Sa . 

ip. m 3aniHTU, BKrtloqeHHOň Ha <J)HrtbTp TOKOB 
HyrteBoň nocrteAOBaTertbHocTH, He 33 bhcht Heno- 
cpeACTBeHHo ot BertHHHH pa6oqHX tokob h onpe- 
AertHIOTCH TOrtbKO i u6 . 

T° k f mga MrHOBeHKOÍí 3aiuHTM 3 a a asi oĎecneieHHa ee 
ceaeKtHBHocTH AeiicTBHsi AoasKen 6uTb óoJibine i H g nlax b pe- 
jie npa KopoiKOM 3 aMbiKaHnn b CHCTeMe HH3Koro nanpa*e- 
HBA 3amHmaeMoro TpaHc^opMaTopa. Tok ip, m i a 3amHTM4a 
AoaaeeH ĎbiTb ĎoJibme i H g max (c yaeTOM ero 33TyxaHHa b 
T eaeHHe BpeMeHH t ia ), 3aMUKaioiu,eroca nepes Hee npn i<opoi- 


khx 3aMbiKaHHHx MOKjiy <J)a3aMH BHe yqacTKa DC, OTKJiioqa- 
eMbix c BpeMeHeM, He MeHbuiHM, qeM t 4a . OqeBHiiHo, b jiaH- 
hom cayqae 3a pacqemoe cjieayeT npwHHTb Me)Kfly<j)a3Hoe 
KOpOTKOe 3aMbIKaHHe Ha BbICOKOB')JIbTHbIX BTyjIKaX nOHHHCaiO- 

mero TpaHC<j)opMaTopa, Tax xax oho oTKtfioqaeTCH c bu- 

JiepHíKOH BpeMCHH t Ba , ÓOJIbHieH t 4a , H OÓyCJIOBJIHBaeT JUIH 
paccMaipHBaeMOH 3amHTbi MaKCHMajibHbie tokh CKB03Horo 
KOpOTKoro, a caeAOBaTejibHO, h 

06m<iho BCTpe«iaiomHecfl Ha npaKTHKe ycTaír- 
KH ip.m COCT3B./IHIOT IipHMCpHO 20 — 80% HO- 
MHHa^ibHbix tokob TpaHC(j)opMaTopoB Tona. Heo6- 
xoahmo OTMeTHTb, HTO npH onpeAefleHHH ip. rn 
MrHOBCHHbix 3amHT (HanpHMep, 3a) c^e^yeT yqH- 
TbiBaTb raioKe to^ihkh í H 6, KOTopbie MoryT ao- 
CTHraTb 3HaHHTeJIbHbIX Be^HHHH npH BKJIIOHeHHHX 
TpaHc4>op.MaTopoB noA HanpaaceHHe 3a cqeT 60 Jib~ 
uihx nepexoAHbix 3HaqeHHň hx l Han- 



<Pht. 11,101. MaKCHiuajibHaH TOKOBaa 3atu.HTa HyjieBoft no". 

cjieflOBaTeabHocTH c He3aBHcnMoři xapaKTepHCTHKOři. 

npH HaJIHHHH Ha nOHH3HTe./IbHOft nOACTaHUHH 

ToabKO OAHoro TpaHc4>opMaTopa 3auiHTy 4a Ha 
mnaiomeň ahhhh moikho, Kax h 3amHTy 3a, CAe- 
flaTb MrHOBeHHOfl. OflHaKO C TOHKH 3peHHH 3KC- 
wioaTauHH npn noBpeacAeHHH b noHHHcaKmieM 
TpaHC<J>opMaTope OTKAioqeHHe Ha noACTaHUHH D 
óe3 OAHOBpeMeHHoro OTK./noqeHHH BbiK^iioHaTe^H 
Ha noACTaHu.HH C Heace^aTe^bHo h^h Aaace He- 
AonycTHMO (3aTpyflHaeTCH odpaTHoe dhicTpoe 
BKJHoaeHHe ahhhh noA HanpaaceHHe). TaKoň c^iy- 
qa ň Mor npoH30ňTH 3a cqeT HeoAHHaKOBbix co6- 
crBeHHbix BpeMeH 3am,HT h BbiKjnoqaTejieň noA=_. 
CT3HUHH D h C. noaTOMy TaKoe pemeHHe npn- 
MeHaeTca npn ycjiOBHH BbinojiHeHHH BbiuueyKa- 
33HHoro TpedoBaHHa SKcn^oaTauHH, qaero OKa3U- 
Baiomeroca ocymecTB^eHHUM aBTOMaTHaecKH npn 
yqeie codcTBeHHoro BpeMeHH AeftcTBHa buoh)- 
qaieaa noACTaHHHH C. 

Ha 4>Hr. 11,101 nOKa3aHd cxeMa 3amHTbi c He-" 
3aBHCHMOň XapaKTepHCTHKOň BHAepHÍKH BpeMeHH. 

H3 npHBeASHHbix Bbinie cooópajKeHHň h A«a- 
rpaMMbi 4>hí\ II, 100 cjieAyeT, hto ochobhbimh 
npeHMymecTBaMH 3amHTH no cpaBHeHHio c Hop- 
MaabHoň hbahiotch ee MeHbniHe BUAepmKH Bpe¬ 
MeHH h noBbiuieHHaa qyBCTBHTeAbHOCTb. Oah3ko 
OH a AeflCTByeT TOJibKO npn 3aMbiKaHHax Ha 3eM- 


<kk>. yqHTHBaa, hto b CCCP Hy^eBbie tohkh 3 a- 
3eM^iaioTCH Haiviyxo npeHMymecTBeHHO TOAbKo 
b cHCTeMax llOkV h Bume, Tpeóyromnx BecbMa 
dblCTppfl ^HKBHAaííHH nOBpeHCAeHHft, paCCMOTpeH- 
Haa 3amHTa b KaqecTBe ochobhoh mohcct ÓHTb 
peKOMeHAOBaHa TOJibKO Ha TynHKOBbix yaacTKax, 
rAe OHa MoxceT 6biTb Bbino^HeHa c Ma^bíMH bu- 
AepjKKaMH BpeMeHH. Ztono^HeHHaa opraHaMH Ha- 
npaBjíeHHH mouihocth Hy^eBoň noc^ieAOBaTe^b- 
hocth (cm. ivi. III) 3auiHTa 9Ta npHMeHaeTCa TaKace 
a^ih ceTeň do^ee CJioacHoň KOH^nrypaiiHH. 

19. MAKCHMAJIbHAfl TOKOBA8 3A1U.HTA HyjIEBOň 
nOCJIEflOBATEJIbHOCTH AJlfl CETEft C MAJ1WMH 
TOKAMH 3AMbIKAHHfl HA 3EMJ1IO 

B CHCTeMax C MUJIíIMH TOKaMH 3aMbIK3HHH Ha 
3eMJiio (3a3eM^ieHHbix aepe3 BbicoKooMHbie conpo- 
THBJíeHHH) A^IH OCymeCTBJíeHHH 3aniHT OT OAHO- 
<j)a3HbIX 33MblKaHHň H3 3eM^K) Hcno^b 3 yioTca cxe- 
Mbl c (J)HAbTpaMH Hy^eBOň nOCAeAOBaTeJlbHOCTH. 



^>Hr. 11,102. Pa^HajibHan ceTb c HyjieBOH ToqKOH, 3a3eMJieH- 
HOH qepe3 BblCOKOOMHbie COnpOTHBJíeHHH. 

B paAHa^bHwx ceTHx c oahhm reHepnpyiomHM 

HCTOHHHKOM TOKOB Hy^eBOft nOC^eAOBaTeÁbHOCTH 
AJia 3aniHT ot 3aMbiKaHHň Ha 3eM^io CTpeMHTca 
Hcnojib30BaTb MaKCHMaabHyio TOKOByio 3au;HTy 
HyjieBOň nocjieAOBaTe^ibHOCTH. 

npn ocymecTB^eHHH stoA 3aniHTbi npnxoAHT- 
ca yHHTHBaTb paA cnenHcJjHqecKHX aB^ieHHfl, He 
yqHTHBaeMMX b ceTax c Haiviyxo 333eMjieHHUMH 
Hy^ieBblMH TOHKaMH H CBa3aHHbIX C TeM, HTO 
b paccMaTpHBaeMOM c^yaae BTopHHHbie 3HaaeHHa 
tokob noBpeacAeHHa OKa3UBaiOTCa oaeHb Ma^iu- 
MH H nOTOMy. COH3MepHMbIMH C BeAHHHH3MH Í„6 
cxeMH To^bMrpHHa. 

IIpHHUHn AeňCTBHa 3autHTbi h cneu.Hc|)HqecKHe 
ycaOBHa Bbidopa ee napaMeTpoB paccMaTpHBaioTCa 
Ha 4wr. II, 102. J{jia ocymecTB^eHaa 3auiHTu hc- 
no^ib3yeTca cxeMa ro^ibMrpHHa (<J)Hr. 11,101). 3a- 
mHTa npeAno^iaraeTca AeflcTByromeň Ha otk^io- 
qeHHe. 

Tok TporaHHH 3auiHTbi. Kax h a^h bchko3 

MaiíCHMaAbHOH TOKOBOft 3aUtHTbI, páCCMOTpeHHe 
c/ieAyeT HaqHHaTb c 3am,HTbi, ycTaHOBAeHHoň Ha 
sAeMeHTe, HaHÓoAee yAaAeHHOM ot HCToqHHKa 
tokob Hy^eBoň nocAeAOBaTeAbHOCTH, Ha noHH- 
acarouteM TpaHC^opMaTope noACTaHUHH B. 

OAHo4>a3Hbie 3aMHKaHHH Ha 3eMAio b pacnpe- 
AeApTeAbHoft ceTH HH3inero HanpaaceHHa noA- 


6 PejieňHaa 3autHTa 
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CT 3 HUHH B (TOMKa F'), CBH3aHH0fi C paCCM3TpH- 
BaeMOfl ceTbio MarHHTHO, na 3amHTy, ycTaHOBJíeH- 
Hyio c riHTaiomeft ctopohh TpaHciJiopMaTCpa, 
BJlHflTb, OaeBHAHO, He MoryT. 

í m 3amHTbi TpaHC<|>opMaTopa ajih oóecneae- 

HeHHfl ee cejieKTHBHoň padoTH AOJiHceH ĎbiTb 

Bbliue Ím 6. Rj nOBbímeHHH ayBCTBHTejIbHOCTH 3a- 
niHTbi 3 a pacMeTHUfi npHHHMaeTCH ť H6p , cooTBeT- 
CTByiomBft MaKCHMaflbHOMy paóoaeMy TOKy TpaHC- 
4>opMaTopa. Ot noBumeHHbix tokob HečajiaHca 
npH CKB03HbIX MHOro4>a3HHX 3aMbIK3HHBX SaiHHTa 
MOaceT OTCTpaHBaTbCfl pa3JIHHHbIMH CnOCOĎaMH, 
HanpHMep, BM^epacKoň BpeMeHH. Toraa 




k e 


HÓ.p > 


(11,64) 


rae ^>l(s= 1,25) ymíTHBaeT ouiHÓKy pejie k 3a' 


nac. 

i" m 3amHTbi, ycTaHOBjreHHoft Ha nHTaiomeS 
JIHHHH CO CTOpOHbl nOACTaHUHH A, b o6meM CJiy- 

Mae aoaaceH BbiĎHpaTbca, hcxoah yace H3 apyrax, 
Óojiee Tflace^bix ajih cejieKTHBHOCTH ycjiOBHŘ. 
OCHOBHblM H3 HHX HBJIHeTCH TO yCJIOBHe, MTO 

3 amHTa ne AOJDKHa AeňcTBOBaTb npn MeTajiAH- 
MecKHX 3aMbiKaHHflx Ha 3eMJuo, HanpHMep, b Toa- 
xe F" Ha Apyrnx ahhhhx, otxoahiuhx ot hihh 
HOACT aHiiHH A. B 9tóm cjiyaae tok aepe3 pejie 

COCTOHT H3 ř"^ , OÓyCJIOBJíeHHOrO MaKCHMa^bHHM 

paĎOMHM ŤOKOM JIHHHH, H eMKOCTHOTO TOKa ic, 

onpeAeAaeMoro eMKOCTbio C jihhhh AB no ot- 
HoineHHio k 3 eM^e. 

Rnn pacaeTa npnHHMaeTca HaHMeHee ójiaro- 
npHHTHOe C TOHKH 3peHHH CeJieKTHBHOCTH Ha- 
npaB/ieHHe BeKTopa i" 6p — coBnaAeHHe ero no 


$a3e c ic. Torna 


ť i 

p. m^, 


HČ.p 


+ <c>*r (11,65) 


npHMeM k e BBOAHTCH B COOTHpUieHHH (11,64) H 
(11,65) b Tex cjiyaaax, Koma xotht o6ecneanTb 
cejieKTHBHyio paňory 3ain.HTH npn h3Jihmhó oa- 
HO<f>a3Horo 3aMbiKaHna b ToaKe F", conpoBoač- 
Aaromeroca OAHOBpeMeHHUM ckbo3hhm MHoro<j)a3- 
HblM 3aMbIK3HHeM, OĎyCAOBJIHBaiOmHM 3a CMeT 

óojibniHX 3HaqeHHň npHBeAeHHe Ha HenoTopoe 
BpeMa paccMaTpHBaeMoft 3amHTU b AeňcTBHe. 
OaeBHAHO, HTO B CeTHX, HMeromHX Ha ĎOJIbUIHH- 
CTBe CBOHX 3 JieMeHTOB 3ain,HTbI OT OAHO$a3HbIX 
3aMbiKaHH& Ha 3eMjiK>, AeňcTByiomHe Ha otkaio- 
aeHHe, TaKoe coBnaAeHae MajioBepoaTHo. B Ta- 
khx cjiyaaax k e b (II, 64) h (II, 65) MoxceT He yan- 
THBaTbca. B ceTax, rAe homhmo AaHHoft jihhhh 
c 3amHToň, AeflcTByiomefl Ha OTKJiioaeHHe, HMeeT- 
ca 3HaaHTejibHoe KOJinaecTBO 9,/ieMeHTOB c 3amH- 
T31IH OT 0AH04»a3HbIX 33MbIKaHHň, paĎOTaiOmHMH 

Ha cnrHaji, yaeT paccMaTpHBaeMoro coBnaAGHHH 
6oaee BepoaTeH. IlogTOMy b thkhx cjiyaaax k a 
caeAyeT yaHTHBaTb, hto h ca eAano b (11,64) 
h (11,65). 
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BTOpoe ycjioBHe ujih Bwóopa i" m onpeneaaeTCfl cae- 
AyKílUHMH COOÓpa»CeHHHMH. npH HeílOJIHOM 33MbIKaHHH H3 
3eMaio b noHH^caiomeM TpaHC$opMaTope no^CTaHUHH B , xa- 
paKTepH3yeMOM HeóoabuiHM Koa^HUHeHTOM b no/iHOTbi 3a- 
MWKaHHB Ha 36MJIIO (OTHOIIieHHe 1 3 IC 4 max , COOTBeTCTByiO* 
meMy c^yqaio MeiaaaHqecKoro 3aMbiKaHHfij ero 3amHta mo- 
HceT 0TKa3aTb b fleHCTBHH óaaro^apH HejocTaToqHOH Bejin- 
%iHHe Tona qepe3 pejie. 3 to npoH3ofijieT npH óojiee 3Haqpu 
TeJIbHbIX K09$HUHeHTaX nOJIHOTbl 3aMbIK3HH5I Ha SeMJI^ 

ecjiH i h6t p HMeeT HaHMeHee BbiroAHoe HanpaBJíeHHe c to^kh 
3peHHH qyBCTBHTe^bHOCTH 3aiUHTbI — npOTHBOnO^OHCeH no 
(jja3e 1 * 3 . AHajiHTHqecKH npeaejibHHM cooiHomeHHeM, npn 
KdopoM 3amHTa TpaHc<}>opMaTOpa moíkct eme no^eHCTBo- 
BaTb, flBJíaeTCfi c^e^yiomee: 


’ * *h 6. p ^ * 




( 11 , 66 ) 


rae Kos^HUHeHT 3anaca ít H h Koa^HUHeHT k , yqHTHBaiomHH 
oniHÓKy b Tone TporaHHH pejie, 06 a óojibiue e^HHHUbi. Ohw 
yqHTbiBaioT B03MCHCH0e AonojiHHTeabHoe 3arpy6jieHHe 3amw- 
TM H ee OTIC33 npH ČOJIblIlHX 3HaqeHHHX K09$HUHeHTa nOJI- 
HOTbl b . 


B to xce caMoe BpeMH i h6%p 3amHTH, ycTaHOBJíeHHOH co 

CTOpOHbl IIOflCTaHUHH A t KaK HMeiOIUMfi npOH3BOJIbHOe Ha- 
npaBJíeHHe, MoxceT OKa3aTbCH coBnajiaiomHM no $ a3e 
c i'' t 3aMMKaiomHMCH qepe3 ee pe^e. HyBCTBHTe^bHocTb 3a- 


iuhtm oKaxceTCH npn 9 tom KaK 6 m noBbiineHHOH, h OHa 
b HeKOTopMX c^yqaax CMOxceT no^efícTBOBaTb flance npn 
OTKa3e 3amHTM, ycTaHOBJíeHHOH Ha noHHHcaiomeM Tpanc- 
$opMaTope. 

, Ecjih aeHCTBHe 3 amnTbi Ha noncTaHUHH A npn 0 TKa 3 e 
T3KOBOH Ha noflCTaHUHH B 3a cqeT HenocTaToqHon qyBCTBH- 
TejibHocTH HenceJiaTejibHO, to HeoóxouHMO i p m BHÓpaTb c 
yneTOM ypaBHeHHH, xapaKTepn3yiomero ee OTKa3 b ashct- 
bhh b paccMaTpuBaeMOM CJiyqae: 


4 "1“ p ! 


p. m 


H 


(11,67) 


9tO npHBOUHT K AOnOJIHHTeJIbHOMy KaK ČM nOBblUieHHM) 
qyBCTBHTeabHOCTH 3aiUHTbI nOACTaHUHH A. 

i p m onpejiejiHeTCH cobmccthmm pemeHHeM (11,66) h 
(11,67), npHHHMaa bo BHHMaHHe, hto i 3 ůf. i' pa bhm OAHOMy 

r // 

h TOMy nce nepBHHHOMy TOKy, jtejieiiHOMy Ha n m h n m : 


*p. m 


Q. P +Zfi H 6. P ( 11 . 68 ) 


YcTaBKa i’ p m 3ain,HTM jihhhh Ha nojiCTaHUHH A npHHH- 
MaeTCH no óo^bineMy H3 3HaqeHHH, nojiyqaeMMx H3 (11,65) 
h (11,68). 

CorjiacoBaHHe 3amHT c yqeTOM Bioporo ycaoBHH ajiíí 
BMČopa i pm (11,68) npHBOflHT b pa^e cjiyqaeB k CHJibHOMy 
3arpy6jieHHio 3amHT no Mepe npnÓJiHnceHHH MecTa hx ycTa- 
hobkh k HCToqHHKy nHiaHHH. Heoóxo^HMO yqecTb, ^to 
b ocHOBy paccyncAeHHH ómjio nojionceHO npaKTHqecKH Ma^io 
BepoHTHoe ^eficTBHe i H $ y AByx cívrencHbix 3amHT b npaMo- 
. npoTHBonoJioncHMe ctopohm. 

no9TOMy npHBeaeHHbiH cnocoó pacneTa MonceT HBHTbca 
uejiecooópa3HbiM, HanpHMep, ajih B03nyuiHMx ceTefí, b ko* 
topmx 3a cqeT bo3mohchmx óo^buinx R n BeponTHM noBpenc- 
AeHHH c MaJIblM K09$HUHeHTOM nQJIHOTbl, TIpHBOAHmHM K OT- 
Ka3y 3aiUHT B JieHCTBHH. 

B KaóejibHbix ceTax 3aMMKaHHH Ha 3eMJiio oÓMqHO xa- 
paKTepH3yiOTCH K09(J)HUHeHTaMH nOJIHOTM, KOTOpMe B03M0HC- 
ho yqedb b pacqeTax, cóecneqHB yjtoBJíeTBOpHiejibHyK) ce- 
JieKTHBHOCTb 3aLUHTbI 6e3 yqeT3 BTOporO yCJlOBHfl RJW BW- 
6 °pa ip. ta’ 



OflHaKO npH 9TOM HeOĎXOflHMO OĎpaTHTb BHHMdHHe Ha 
to, htoóm npeawjiymaH 3auiHTa čbuia ne 6ojiee nyBCTBH- 
TeabHa, HeM nocaeayiomaa. 

in6 npH paóoHHX TOKax b cxeMe rojibMrpHHa 
BecbMa Ma^ibi, ohh n3MepaioTCH cothmh aoahmh 
aMnepa, EMKOCTHbie toxh 3aMbi«aHHa Ha 3eMJiK) 
xaxcAoro AyHa b ceTH Tax>xe b paae CJiynaeB 
HčBeJiHKH. ňosTOMy i p . m paccMaTpnBaeMoň 3amn- 
tm, onpeiie^eHHbie no (11,64), (11,65) h (11,66), 
cocTaB^aioT očbmHO aecaTbie hah Aaace coTbie 
aojiu aMnepa. Pe^ie Taxoft Bbicoxoň qyBCTBHTeAb- 
HOCTH HMeiOT ÓOAbniHe COnpOTHBJíeHHH TOKOBblX, 
oómotox. Tax, HanpnMep, pe^e cepnu 3T-60 
(cm. rji. II, § 6), oóAaaaiomee no cpaBHeHHK) 

C flpyrHMH HHHTOKHOň nOTpeÓAHeMOft MOIUHOCTbK) 

Pp == 0,1 VA npH ip. m mm *=0,05 A, HMeeT conpo- 
P 0,1 

THBíieHne 2 'n=—^———= Ico = 40 Q. Taxne co* 

v l* . 0,05^ 

p. m mm 

npoTHB^ieHHH o6ycjioBJiHBax)f HeAonycTHMbie Hd- 

rpy3xn Ha TpaHC(})opMaTopbi Toxa, xoTopbie Hann- 
Hax)T padoTaTb c noBbímeHHbíMH tt m 3 a cieT 
óojibuiHX Ihom noHHHcarontnx i. Kpo»íe Toro 3Ha- 
MHTejibHaa aacTb i HanpaB^aeTca He qepe3 pe^ie, 
a aepe3 BTopnMHbie oómotxh TpaHC<J>opMaTopoB 
Toxa 3a.opoBbix <J)a3, oóycjiOB^HBaa HBAeHHe Tax 
pa 3 biBaeMoro o t co ca. B pe3y^ibTaTe qyBCTBH- 
Te^ibHOCTb 3am,HTbi b ne^OM, xapaxTepH3yeMaa 
MHHHMaJIbHblM X03<}>HUHeHT0M nOJIHOTbl 3aMUXa- 
HHa Ha 3eM^iK) b m \ B , npH xotopom oHa AeftCTByeT 
b cncreMe, HMeiomeft J 3 max, oxaaceTca Aawe MeHb- 
uieň, aeM npn óojiee rpyówx pe^ie, ho HMeiomHx 

MeHbmee conpOTHBAeHHe. 

CpaBHHTe^ibHbie pacneTbi ríoxa3biBaioT, hto 
b SoflbuiHHCTBe c^yaaeB npH no^ib30BaHHii toh- 

HblMH TpaHC(})OpMaTOpaMH 
Toxa ueJiecoo6pa3HO npn- 
MeHHTb pe^ie cepan 3T-60 

C ip. m min ^ OT 0,1 40 

0,15 A. 

Pe.ae Taxoft bhcoxoS 

HyBCTBHTeJIbHOCTH HMeKJT 
b HopMaabHOM Bbino^iHe- 
hhh HeóoJibniyx) Tep- 
Mnaecxyx> yCTOŮHHBOCTb 

(oAHocexyHjiHbiň tox 40— 
50 A), nosTOMy npn aboA- 

HUX 3aMbIXaHHHX Ha 3eM- 
JIÍO, COnpOBO)XAaK)UI.HXCH 

noaBAeHneM b Hy^eBOM 
npoBoae noAHux toxob 
noBpejKAeHHH ($Hr. II, 45), 
ohh MoryT ropeTb. JIjisi 
npeAOTBpameHHa SToro X3M3 BbinycxaeT cnenH- 
aflbHyio ycToňaHByx) MOAH(t>HxauHK> peae cepnn 
9T-60 c BCTpocHHHM ówcTpo HacHmax>mHMCH 
TpaHC(J)opMaTopOM Toxa (<J)Hr. II, 103). 

yaeT otcocob b cxeMe ToJibMrpHHa [JI. 5]. 
Hcxoah h3 cxeMbi 3aMemeHHH TpaHc<[)opMaTopa 
Toxa ((Jwr. 11,56), momcho npeACTaBHTb cxeMy 

6 * 







WMomka 

pejie 

Hacbiut* 

mp(2HC0Op- 

MOWOp 


Ho BrnopiMHOu 
oĚMomke mp-pct y 
moka 

$hi\ 11 , 103 . npHHnHIIH- 
aiibHaji cxeMa TepMHMecKH 
ycTOH^HBoro pejie cepnu 
3 T -60 X 3 M 3 . 


TojibMrpHHa, KaK noKa3aHO Ha <j)Hr. II, 104. 

IlpeAnojiOHCHM, hto 3aMbiKaHHe npoH3omjio Ha 
4>a3e A jihhhh, paóoTaBineň BxoJiocTyio. B nep- 
BHHHOft OĎMOTKe TpaHC(J)opMaTOpa TOK 1' 3 paB8II 
nepBHHHOMy TOKy, npHBeAeHHOMy k nncjiy bht- 
KOB BTOpHHHOň OĎMOTKH. TOK í' 3 BO BTOphHHOň 
oĎMOTKe TpaHC(|)opMaTopa TOKa (^a3bi A MeHbiue 
nepBHHHOrO Ha TOK HaMarHHHHBaHHH Íhom\ 

ť 3 = r 3 -i HaM . (11,69) 


i p — b TOKOBoft oÓMOTKe pejie MeHbme i 3 m 
BeJiHHHHy 2 iomc, 3 aMbiKaiouiHxcH mhmo pejie ne- 
pe3 BTOpHHHbie OČMOTKH TpaHC$OpMaTOpOB TOKa 

§)a3 B h C : 


ip = Í 3 — Home — — {Íhcim ~j“ Home), (11,70) 



<í>nr. 11 , 104 . riqjiHaji cxeMa 3 aMemeHHH 4 >HJibTpa tokob Hy- 
jieBon nocjiejiOBaTeJibHOCTH, BbinoJiHeHHoro nocpeilCTBOM 
cxeMbi rojibMrpHHa. 


O-WSA-- 

Onr. 11 , 105 . YnpomeH- 
Han cxeMa 3 aMemeHHH 
(j)HJibTpa tokob Hy^e- 
boh nocJieaoBaTejibHO- 

CTH. - -- 



! 

ip 


ripn onpeAeAeHHH i p oómhho npeHe6perax>T 

COnpOTHB^ieHHeM BTOpHHHOň OÓMOTXH TpaHCť^Op* 

MaTopoB Z e no cpaBHeHino c HMneaaHCOM Z HaM 
OTBeTBAeHHH HaMarHHHHBaHHH. B 3tom cAyqae con- 
poTHBAeHne Zhom 4>a3bi A npHpaBHHBaeTca con- 
pOTHBJíeHHHM Z a -\-Z HaM ())a3 B H C, XOTOpbie 
Ha3blBaiOTCH nOAHUMH COnpOTHBJíeHHHMH BTOpHH- 
HOft OÓMOTXH TpaHC(|)OpMaTOpOB Ha XOAOCTOM 

xoAy h oóo3Haqax)TCH nepe3 Z x . x . Kax cacact- 
BHe 9TOr& Íhom 4>a3bl A OKa3bIBaeTCH paBHblM iomc 

b <|)a 3 ax B h C. npHHHMaa bo BHHMaHHe yxasan- 
Hbie AonymeHHH, mojxho HanHC^Tb oieayiomHe 
COOTHOHieHHH ($ht. 11,105): 


H 

oTxyaa 

ip 


l n - - 1 , 3 tp 


i v ■ Z H atp — iomc ' Z x . 


X, 


1 - 


" na?p 


■'nazp 


+ T Zx.x 





(11.71) 

(11.72) 


(11,73) 

83 



K03(J)HUHeHT 7] 


a ^ x 


Ha3b!BaeTca 


K03(J)HllHeHT0M OTCOCa, TaK KaK XapaKTe- 
pH3yeT Ty aacTb í 3 , KOTopaa 3aMHKaeTca mhmo 
pe^ie nepe3 OTBeTBAeHHe HaMarHHHHBaHHH TpaHC- 
<J)opMaTopa noBpeacaeHHOfl 4>a3bi h noAHbie co- 
npOTHBfleHHfl BTOpHHHblX OĎMOTOK TpaHC(J)OpMa* 
TOpOB 3AOpOBHX <J)a3. llpH npaKTHHeCKHX pacne- 
Tax MOHCHO 6e3 ĎOAbinOfi OHIHÓKH 33M6HHTb KOMn- 
AeKCHbie 3H3HeHHH COnpOTHB^eHHft B BbipaXCeHHH 
jy Ifl 7) HX MOAyAHMH. H3 COOTHOmeHHH (II, 73) 
BHflHO, HTO npH COnpOTHB^eHHHX OÓMOTOK pe' 
Ae Znazp , COH3MepHMHX C COnpOTHBAeHHHMH Tp3HC- 
(JjopMaTopoB TOKa, 3HaHHTe^bHaa qacTb TOKa 
noBpeacAeHHH mojkct myHTHpoBaTbca TpaHC(})Op- 
MaTopaMH Toxa, iiOHnacaa qyBCTBHTeAbHOCTb 3a- 
mHTbi. 3to aB^eHHe b qacTHOCTH npnxoAHTca 
yqHTHBaTb h b paccMaTpHBaeMOft tokoboíí 3ainH- 
Te Hy^eBoň nocAeAOBaTeAbHocTH, ocyinecTBAae- 
Moň nocpeacTBOM peAe c MaAbíMH i p . m , hmcioiphx, 
c^eaoBaTe^bHo, óoAbniHe conpoTHBAeHHH. 

HMneaaHCw xoAoeroro xoaa s x .x TpaHC^op- 

M3TOpOB TOKa 33BHCaT OT HX KOHCTpyKTHBHUX 
napaMeTpoB h KaiecTBa npnMeHeHHOň CTaAH. Oa- 
HaKO BCe OHH HMeiOT IipHMepHO OaHHaKOByiO 3a- 
BHCHMOCTb ot B m , cymecTByioineň b MarHHTO- 
npoBOAe' npH abhhom pexcnMe paóoTu TpaHC(J)op- 
MaTOpa. ripHHHMaa BO BHHMaHH6, HTO HHAyKTHB- 
HOCTb TeM óoAbine, aeM oTHOCHTeAbHo SoAbinaa 
B m co3aaeTca AaHHbíM i HaM hah AW y d, 3Ta 33Bhch- 
MOCTb BMpaxcaeTca Tax: 


B„ 


AW 


yd 


(11,74) 


Ecah 6bi HHayKUHa 6uAa npaMo nponopnHO- 
Ha^ibHa aMnepBHTxaM HaMarHHHHBaHHH, to HMne- 
aaHC z x . x TpaHc4>opMaTopa 6ha 6a nocToaHHoft 
Be^iHaHHOň. OAHaxo, KaK H3BecTHO, yKa3aHHaa 3a- 
BHCHMOCTb KpHBOAHHeHHa ((^HT. II, 59), ITpHHeM AO 
HaaaAa HacbímeHHa HHAyKiiHa pacTeT óbicTpee, 
aeM i HCtM - riosTOMy h HMne^aHC TpaHc<i>opMaTopoB 
TOKa ao Haaa^a HacumeHHa MarHHTonpoBOAa bo 3- 
pacTaeT. XIah paccMaTpHBaeMOft 3amHTH BaacHO 
3HaTb HMneaaHC TpaHC(J>opMaTopa np« HeóoAb- 
ihhx HanpaxceHHax 

u ^ ip. m • Zp (II, 75) 


Ha 3aacHMax btophhhhx o6motok, hmbioihhx Mec- 
TO npH COOTBeTCTByroiIIHX ip.m- 

npH 3THX HanDHJKeHHHX TpaHC<J>OpMaTOpbI TO¬ 
Ka paóoTaioT b HeHicbímeHHoň nacTH xapaKTe- 
pHCTHKH H HX HRine^aHC MOHCeT ĎbITb BbipaxceH 
aHa^iHTHHeCKH, yaHTbiBaa, hto B m nponopHHO- 
HajibHa HHayxTHpyeMOMy eň HanpaHteHHio u. flefl- 
CTBHTe^ibHO, H3 cooTHOiiisHHH (II, 42) no^yqaeM 

AW yd (é 3 »)(°« 6 - = KuP* - 0.7), 


OTKyaa, npHHHMaa bo bhhm3hh6 cooTHome- 
hh6 (11,75), no^iyqHM c^ieayiomee BbipaxceHHe A^ia 
HMneaaHca xo^ioctoto xo^a TpaHC(J)opMaTopa 
Toxa: 


k r u 


k v ii 


,(0,6 — 0,7) 


■-A-u^-ov. (11,76) 


K03(J)HU,HeHTbI A, 3aBHCHIlIH6 OT KOHCTpyKTHB- 
Hbix AaHHbix TpaHc4>opMaTopOB, AaiOTca 3aBoaaMH- 
nocTaBíHHKaMH. 

Bwuie paccMaTpHBaancb HMneAaHCbi TpaHC- 
4>OpMaTOpOB TOKa AAH CJiyHaH HX paĎOTH Ha xo- 

jioctom xoay. HMneAaHCbi a paHccJ)opMaTopoB 

TOKa, HaXOAHIHHXCH noa HarpV3KOň BTOpHHHblM 
TOKOM inazp, B TOft Aíe OČAaCTH HX pa0OTM (AO 
HacTynAeHHa Hacumeiraa MarHHTonpoBOAa) MoryT 
6wTb onpeAeAeHbí no Toň ace ÝopMyAe (11,76), 
MTO H AAH XOAOCTOrO XOAa, eCAH B Hee BMeCTO 
HanpaaceHHa noACTaBHTb HHAyKTHpye&iyiD bo bto- 
pHqHOÍI OÓMOTKe 3. a. c. 

E [ inazp ' --- ip.mZp 4" inazp’ . (II, 77) 


HMneAaHCbi TpaHC(J)opMaTOpoB TOKa noA Ha- 
rpy3Koň MoryT ébiTb KaK ĎOAbnie, TaK h MeHb- 
rne HMneAaHCOB xo.toctoto xona. XIah m3kch- 
MajibHoťí tokoboA 3auiHTbi Hy^eBoň nocvieAOBa- 
TeAbHOCTH í] onpeAeAaioTt.H oGuhho no Haine- 

A 3 HC 3 M XOAOCTOrO XOAa. 

OnpeAeAeHHe tokob 3aMbixaHHH Ha 3eMJiio, 
HeoóxoAHMbix aah AeňCTBHa 3amnTbi. XI a a toto 
htoóh óo^ee rpyčaa 3auiHTa, ycTaHOBAeHHaa Ha 
nKTaiouieň ahhhh cp ctopohu noACTaHHHH A, 
noAeácTBOBaAa npn pacneTHOM K03(J>nuHeHTe npA- 
HOTbl 3aMbIK3HHH Ha 36MAIO b p , HeOÓXOAHMO BH- 
noAH6HH6 CAeAyioinero ycAOBHa qyBCTBHTeAb- 
hocth: 


PaCUeTHUM AJIH HyBCTBHTeAbHOCTH HBJIHeTCH 
c^ynaň 3aMbiKaHHH Ha 3eMAio ahhhh, KorAa OHa 
3arpyjKeHa MaKCHMaAbHHM paČOHHM tokom. Ilpn 
3T0M nepe3 peae iiomhmo I 3 3aMHKaeTCa i H 6.p, 
KOTopbift npHHHMaeTca HanpaBAeHHbíM b CTopoHy, 
HaHMeHee ÓAaronpHHTHyio c tohkh 3peHHa nyB- 
CTBHTeAbHOCTH — npOTHBOnOAOHCHO I 3 . yHHTblBaa 
sto ycAOBne h cooTHomeHHe (11,73), moacho Ha- 
nncaTb ypaBHeHHe qyBCTBHTeAbHOCTH b CAeAyio- 
meM bhag: 


x bp(l-r>") 


1nS.p íp. m • 


(II. 78) 


Peinaa ero, HaxoAHM MaKcnuaAbHoe 3HaqeHHe 
HCKyccTBeHHoro 4, HeoSxoAHMoro aah HaAeac- 
HOň paóOTbi 3aniHTH (6e3 yaeTa ecTecTBeHHoro 
eMKocTHoro Toxa ceTH): 


/ \ rr 

_ \ l p. m + l n6. p) ’ n m 

bp (1 — 1)") 


(11,79) 
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npH óoJibmoM qncjie nocjiejoBaiejibHbix yqacTxoB b ceTH 
H npH BblCOKHX Um TpaHC<j)OpMaTOpOB TOKa HCKyCCTBeHHO 
C03AaBaeMbie / 3max nojiyqdioTCH b HeKOTopwx cayqaax 
BecbMa 3HaqHTejibHbiMH, < a >xo,níimHMH jio BejinqHH, óojibuiHx 
AonycTBMbix 50— 180 A 'cm. tji. I h nu. VII). Taxne tokh 
0K33biBaK)TCH HeacejiaTejibHbíMH no pajiy npnqMH. B xaóejib- 
Hbix ceTflx ohh MorvT npHBecTH k nepexoay ouHO<})a3Horo 
3aMbiK3HHH b Me>Kjiy (})a3Hoe »3a cneT BbíHcnraHHH Me}KAy4)a3- 
hoh H30jiflUMn), npox/ie qeM cpaóoTaeT 3amHTa ot 33Mbixa- 
hhh Ka 3eMjno ní BpoK.neH.ro h jihhhh. npn npoóoe Ha KOp- 
nyc reHepaiopoR n nBuraTejiefi, paóoTaiomHX b ceTH, mo- 
M(eT óbiib 3HaqHTe;ibHo noBpeaoieHa BOJibTOBon .nyron CTa;ib 
hx ciaiopoB. 4 max b t3khx cjiyqanx MOiyT óbiTb HHorjia 
CHHMceHbí TaioKe npn coxpaHeHHH coniacoBaHHJi qyBCTBH- 
TejibHOCTen 3amHT no ypaBHeHHio (11,68). JUa Toro qToóbi 


ÓOTbl aBTOMaTH^eCKH BblBOAHTCH H3 AefiCTBHH, Ha- 
npHMep, nocpe^CTBOM chhthh c Hee nocTOHHHoro 
TOKa. B 9tom cjiynae 3amHTa Ha TpaHC(j)opMaTope 
BbinojiHneTCH, KaK RJM nepBoň CTyneHH, 6e3 bbi- 
AepxcKH BpeMeHH h paóoTaeT c codcTBeHHbíM 
BpeMeHeM t 0 ee MrHOBeHHOAeHCTByiomHx pejie. 
3am«Ta Ha jihhhh co CTopoHbí noACTaHUHH A 
AOJixcHa HMeTb BbiAepxcKy BpeMeHH Ha CTyneHb Ař 
čojibme npeabi^ymeft, t. e. paBHyio 

ABTOMaranecKoe BbiBeAeHHe 3amHT H3 Aeft- 
ctbhh MoaceT npoH3BOAHTbCH, HanpHMep, npH 
Hcnojib30BaHHH juin 3amnTbi ot Me>KAy4)a3Hbix 



4>nr. 11,106. MaxcHMa;ibHaH ToxoBaa 3amHTa 
HyjieBon nocjieaoBaieabHocTH c ÓJiOKHpoBxofi 
ot pejie MaKCHMajibHoro HanpaixeHHH. 



<I>Hr. 11,107. y CTpoficTBo suia aBTOMaTHqecKoro BMBP,aeHHH 
TOKOBOH 3aniHTbI HyJieBOH nOCJieflOBaiejIbHOCTH H3 JieHCTBHH 
npH CKB03HMX XOpOTXHX SaMblXaHHHX nOCpe^CTBOM TOKOBblX 
pejie MeHc^y<i)a3HOH 3amnTbi. 


oóecneqHTb b stom cjiyqae cejiexTHBHocTb AencTBHH 3amHT 
npn Majiwx kosích nneHTax nojiHOTbi, onpeaejiHiomHx (II, 68), 
cxeMW cHaÓHcaioTCfl ójioxhpobkoh [JI. 6] ot pejie m iKCHMajib- 
Horo .HanpflHceHBH 3 ((Jímt. 11,106), bkji joqeHHoro Ha <|>HjibTp 
HanpflMceHHH HyjieBon nocjíenonaTejibHOCTH. HanpaaceHHe 
TporaHHH pejie u p m BbiÓHpaeTca npn 9tom Tax, qToóu oho 
H e npHxoAHJio b .aepCTBHe npH xo3<})HUHeHTax nojiHOTbi 
MeHbine pacqeTHoro b p . Rj \h SToro npn KosíJmuneHTe Ha- 
flOKHOCTH k H ^>l H M3KCHM3JlbHO B03MOMCHOM HanpHHCeHHH 

Ha 3a»CHMax pejie u pmax 

u p.m = k H-bp-»p max- (». 80) 

yica3aHHbie pejie HanpaaceHHa Heoóxo^HMU Taxace ajih 
npejxoTBpameHKH HenpaBHJibHoro achctb^h 3amnT b Tex 
cjiyqawx, xorAa Ha HarpyweHHbix jihhhhx MoryT npoH3BO- 
AHTbCH nepexjiK)qeHH8 o^HO(J)a3HbiMH pa3T>eAHHHTeJiHMH, Ha¬ 
npHMep, Ha Apyryx) napajuiejibHO no^xjix)qeHHyK) jih- 
hhk) ($nr. 11,61;. 

BblAepHCKH BpeMeHH 3aiUHTbl. BbIAep>KKH Bpe¬ 
MeHH 3auxHT BbiónpaioTCHJio cTyneHHaTOMy npHH- 
unny. MHHHMajibHan BH^epxcKa BpeMeHH ycTaHaB- 
^HBaeTCH Ha nocjienHeň CTyneHH ceTH ^aHHoro 
Hanp5DKeHHH, CHHT3H OT HCTOHHHKa nHTaHHH, 

b paccMaTpnBaeMOM cjiyqae — Ha noHHHcaiomeM 
TpaHC(j)opMaTope noactaHUHH B (cJ)Hr. 11,102). 

BeJIHHHHa MHHHMaJIbHOH BblAepHCKH BpeMeHH 
3amHTbi b ceTH HMeeT ^Ba cjiejiyiomHx npHHun- 
nna^bHO pa3JiHHHbix cnocoóa Bbióopa: 

1. 3auiHTa npH CKB03HbIX KOpOTKHX 3aMMKa- 

hhhx ajih npeAOTBpameHHH ee HenpaBiuibHofi pa- 


3aMbiKaHHft pejie THna 3T-60 nocpeACTBOM npn- 
KJiioqeHHH uenn nocTOHHHoro TOKa k hx ao- 
HOJIHHTeJIbHblM HOpMaJIbHO 3aMKHyTbIM KOHT3K- 

TaM (4>Hr. II, 107). 

2. 3auiHTa OTCTpanBaeTCH ot óojibmnx i H ó npH 
CKB03HbIX KOpOTKHX 3aMbIKaHJJHX nOCpeACTBOM 
noAĎopa cooTBeTCTByiomHX BbiAepxceK BpeMeHH 
Ha pejie BpeMeHH. 

npn 3aniHTe ot MHoroiJjaw^Hbix 3aMbiKaHHft, 

BbinOJIHeHHOft C He3aBHCHMbIMH XapaKTepHCTHKa- 
MH, BblAepXCKH BpeMeHH 3aÍUHTbI OT 3HMbIKaHHH 
Ha 3QMJIK) AOJIHCHU BblČHpaTbCH paBHblMH HJIH He- 
CKOJIbKO ÓOJIbHIHMII BblAepXCeK BpeMeHH M6HAy* 

4>a3Hbix sauiHT Ha tom xce sjíeMeHTe. 

3HaqHTe^bHO cjioacHee BbiónpaTb BW^epncxn BpeMeHH 
3auxHTbi ot 3aMWKaHHH Ha 3eMJiio b tom cjiyqae, xorjia Menc- 
Ay^aaHhie 3auiHTW HMex)T orpaHHqeHHO-3aBHCHMbie xapaKTe- 
pncTHKH. Hx He3aBHCnMaa qacTb HacTynaeT, HanpHMep, 
y pejie THna HT-81 X3M3 npn 5 — 8 i p , m * IlosTOMy npn 
coiviacoBaHHH Bw^epncex BpeMeHH B He3dBHCHMOH qacTH 
xapaxTepHCTHKH MeHC,ay(j)a3HOH 3aniHTbi npnniJiocb 6 h b pa- 
cqeTax yqHTMBaTb i H ^ p , cooTBeTCTByjomne He MaxcHMajib- 
HOMy paóoqeMy Toxy, a Toxy, npH xotopom npOH3BO^HTC5i co- 
rjiacoBaHHe. Taxoft cnocoó x npHMeHeHHK) He pexoMeH^yeT- 
ch, Tax xax oóycjiOBJíHBaeT cnjibHoe 3arpy6;ieHne 3amHTbi. 

fljIH nOJIVqeHHH 3amHTW TOK »ce qyBCTBHTeJIbHOCTH, qTO 
h hjw cjiyqan npHMeHeHHn He3aBHCHMbix xapaxTepHCTHx, 
óbijio 6bi HeoóxojiHMO corjiacoBbiBaTb Bbmep»CKH BpeMeHH npn 
Toxe, paBHOM Toxy TporaHHH MeHc^y$a3HOH 3amHTbi. yxa- 
3aHHUH cnocoó Taxíce He MOHceT óbiTb pexoMeHAOBaH, Tax 
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ksk np« HeM nojiy^aioTCH HenpneMJieMo óojibuiHe BbiflepacKH 
BpeMeHH 3amHTbI OT 33MWKaHHH Ha 3eMJIK). 

s riosTOMy oĎbmHO npHMeHaeTCH npoMencyTOHHoe perne- 
Hne, no KOTopoMy corjiacoBaHHe BbiAepaceK BpeMeHH npo- 
h 3 boahtch npH TOKax, paBHbix npnMepHo TpexKpaTHOMy OT 
TOKa TpOraHHH MeHCHy^aSHOH 3amHTbI. 

B 3aKJIiOHeHHe Heo6xOA«MO OTMeTHTb, HTO 
&m 3amHT ot 3aMbiKaHHň Ha 3eMAio b CHCTeMax 
c MajibíMH TOK3MH npaKTHaecKH o6hhho He npeA- 
eraBAaeTca bo3mojkhhm Hcn0Ab30BaTb peae c or- 
paHHHeHHO-3aBHCHMOŘ XapaKTepHCTHKOft. OÓTjAC- 
hh6tch sto tcm, hto yica3aHHbie pejie cymecT- 
ByiOmHX KOHCTpyKUHft nOTpeÓJIHIOT MOIUHOCTb, 
bo MHoro pa3 Ďo^ibuiyio, neM a^ieKTpoMarHHTHbie 
pe^e 6e3 BumepxcKH BpeMeHH THna 3T-60 X3M3. 
Tax, HanpHMep, npn KOHCTpyKiWH c noTpeÓAeHHeM 
moihhocth b 5VA pe^ie c i p . m = 0,1 A hmcao 6bi 

conpoTHBJíeHHe oómotkh b g-^=500fi h ko3<J>h- 

HHeHT oTCocaí) npHHeM 6bui6u 6ah30k k eAHHHue. 

Bbi6op napaMeTpoB 3auiHT, AeflCTByiomnx 
Ha CHrHaa. Bbióop i p . m b paccMaTpHBaeMOM CAy- 
qae AOAaceH npoH3BOAHTbca Ha ochob3hhh Tex 
»e cooTHOmeHHH, KOTopbie BUBeaeHbí a^h 3amHT, 
AeňcTByromHx Ha OTK^noneHHe. 

ripH 3TOM TOJIbKO B nejlíix CHHXeHHfl TOKOB 3aMblKa- 
hhh Ha 3eMjno, HeoCxoaHMbix fljm fleňcTBHH 3amHTH, He 
yqHTHBaeTCH BTopoe ycjiOBHe a jih Bbióopa i p%m (11,68). 

lípa HaJIHHHH ĎAOKHpOBOK, BblBOAHHXHX 3aiUH- 
Ty H3 AeftCTBHH npH CKB03HUX KOpOTKHX 3aMbI- 
KaHHHX, HanpHMep, no (fwr. II, 107, oHa BunoA- 
HHeTCH 6e3 BHAep)KKH BpeMeHH. npH OTCTpoňxe 
i„6 npn CKB03Hbix kopotkhx 3aMbixaHHHx nocpeA* 
CTBOM BHAepHCKH BpeMeHH nOCAeAHHH BUĎHpaeTCH 
ĎOAbUie M3KCHMaAbHbIX B03M0HCHbIX BbiAepaceK 

BpeMeHH 3amHT ot MeacAyct)a3Hbix 3aMHKaHHň. 
OóbiHHO Hcno^ib3yeTCH xax 6oAee npocTofl bto- 
poň BapnaHT. 


3 auiHTa c TpaHctJiopMaTopaMH TOKa THna 
<l>eppaHTH. Hcno^ib 30 BaHHe a^ih 3 awHTH TpaHc- 
(JjopMaTopa Toxa THna OeppaHTH AaeT CAeAyio- 
mne npenMymecTBa: 

1) TOKH 3aMbIK3HHa Ha 3eMAio, HeoOxoAHMbie 
jui a AeňCTBHH 3amHTbi, npa pacneTHbix ko3<|>hu,h- 
eHTax noAHOTH 3aMMKaHna Ha 3eMAio b 6oAb- 
uiHHCTBe CJiýnaeB noHnacaiOTca 3a cneT noHTH 
nOAHOrO OTCyTCTBHH Íh6 H MeHbHIHX OTHOUieHHň 
HHCea BHTKOB BTOpHHHbIX OÓMOTOK K nepBHHHOft, 
KOTopue AJi« paccMaTpHBaeMbix TpaHCijiopMaTo- 
pOB BUÓHpaiOTCH BHe 33BHCHMOCTH OT paÓOHHX 
tokob 3autHui,aeMoft ahhhh; 

2) 3amHTbi, Kax npaBHAO, MoryT BbióHpaTbca 
c BHAepacKaMH BpeMeHH, He coiviacyeMbiMH c 3a- 
UlHTaMH OT 3aMblKaHHft MejKAy 4 ,a3aMH 5 3TO °6y- 
CAOBAHBaeTCa HeÓO.JIbUIHMH 3H3HeHHflMH /„<? npH 
CKB03HHX KOPOTKHX 33MbIKaHHHX. 

rioaTOMy TpaHC<t)opMaTopbi THna 4>eppaHTH 
HaXOAHT BeCbMa HXHpOKOe IipHMeHeHHe B 3aUXH- 
Tax ot 3aMbiKaHHň Ha 3eM,iio b KaOe^ibHMX ceTax, 
A^ia KOTopux ohh HMeioT BecbMa npocToe KOHCT- 
pyKTHBHoe BbinoJiHeHiie. 

OdaacTb npHMeHeHHa 3amHTbi. ílo npHHunny 
AeftcTBHa 3auxHTa npHroAHa a^ih paAnaAbHbix ce- 
Teň c oahhm hctohhhkom tokob HyjieBoň nocae- 
AOBaTe^bHOCTH. no BbinoJiHeHHK) OHa HB^iaeTca 
HaHĎo^iee npocTOft H3 cymecTByiomHX, nosTOMy 
OHa npHMeHaeTca b KaaecTBe cneu.HaabHoň 3a- 
mHTM OT 0AH04)a3HMX 3aMbIKaHHfi Ha 3eMaiO 

b paAHajibHbix ceTax c MaauMH tok3mh 3aMUKa- 
Hna Ha 3 eMaio HanpaaceHHeM 35 kV h HHHce 
b Tex c^iynaax, xorAa He caHTaeTca bo3mo3khmm 
HM eTb čoaee npocToe penieHHe Bonpoca —- koh- 
CTaTHpOBaíb B03HHKH0BeHHe B CHCTeMe OAH04»a3- 
HOrO 33 MbIKaHHH Ha 3eMJIfO nOCpeACTBOM ycTpoň- 
CTB3 AJ1H KOHTPOJIH H30JIHUHH. 


TJIABA TPETbH 

H AI1P AB J1EHH A51 3AIUHTA 


1. HA3HAMEHHE 

B ta. II 6uao yxasaHO, hto MaKCHMaAbHyio 

TOKOBytO 3aiU,HTy MOHCHO IipHMeHHTb B paAHaAb- 
Hbix CeTHX C OAHOň TOHKOň nHT3HHa. 

Oah3ko b paAHaabHbix ceTax 3ToroBHAaHeab3a 
oóecneaHTb čecnepeóoňtíoro nnTaHHa noTpeĎH- 
Teaeft. 

OcHOBHbíM ycaoBHeM óecnepeóoftHoro nHTaHHa 
HBaaeTca pe3epBHpoB3HHe nHTaHHa (cm., HanpH¬ 
Mep, (jmr. IH, i). 

Écah noACTaHUHH A ($Hr. III, 2) nHTaeTca 
OAHOBpeMeHHO no A»yM AHHaaM ot CTaHunfl A h 

r II, TO OTKAroaeHHe AK»6oň H3 9THX AHHHfl He 
npnBOAHT k npeKpameHHio nHTaHHa noTpeÓHTeJieft 
noACTaHUHH. noAcraHAHa npoAOAacaeT nHTaTbca 
no Apyroft ahhhh, ocTaiomefica b paOoTe. 9 to 
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noAoaceHHe cnpaBeAJiHBO TOAbKo b tom CAyaae, 
ecAH npa noBpeacAeHHH OAHOň H3 ahhhh otkaio- 
HaeTca HMeHHo noBpeacAeHHaa ahhhh, b to BpeMa 
Kax HenoBpeacAeHHaa ocTaeTca b paĎOTe. Otkaio- 
aeHne nOBpeacAeHHofi ahhhh, KOHeaHO, aoa>kho 

npoHCXOAHTb aBTOMaTHaecKH, hto AOCTHraioT 
ycTaHOBKoň coOTBeTCTByiomeň 3anxHTU. 

C nOMOUlbK) npOCTbIX MaKCHMaAbHbIX TOKOBHX 
peae Heab3a BbinoAHHTb 3amHTy aah aBTOMarH- 
aecKoro Bbi6opa noBpeacAeHHOň ahhhh b ceTH 
4>Hr. III, 2, TaK Kax He npeACTaBAaeTca bo3mohc- 
hum noAoópaTb BMAepacKH BpeMeHH, očecnean- 
BaronxHe hx ceAeKTHBHoe AeScTBne. Aah stoto 
T pečyeTca peae 6oaee caoxchhx TnnoB. B HacToa- 
mee BpeMa a^h bthx ueaea nacTO npHMeHaioT 
pe^e, AeňCTByiomHe b 33bhchmocth ot HanpaBAe- 
HHH BAeKTpHaeCKOft MOUIHOCTH. 



2. PEJIE MOIUHOCTH 


Pejie, AeftcTByjouiHe b 33bhchmocth ot bcjih- 
HHHbl H HanpaBJíeHHH MOUIHOCTH, Ha3UBaiOTCH 
pejie MOfflHOCTH. 

B OTJIHHHe OT TOKOBMX peJie 9TH pejie HMeiOT 
4 Be oómotkh: Toaa h HanpaaceHHa. BpaiuaioiuHň 
MOMeHT Mep, AOŘCTByiOIUHft Ha nOABHHCHyiO CH- 
CTeMy pejie, nponopuHOBajieH moiuhocth, uoabo- 

AHMOfl K OĎMOTK3M peJie. B 33BHCHMOCTH OT KOH- 


B 33BHCHMOCTH OT THna peJie Pp.m o6mhho 
B upaacaioT b BOJibTaMnepax hjih b BaTTax. 

Pejie moiuhocth pa36HBaioTca Ha: 

1) pejie MaKCHMajibHoň moiuhocth; 

2) pejie HanpaBJíeHHH moiuhocth hjih pejie 
HanpaBJíeHHH aHeprHH. 

OcHOBHaa pa3HHua Meacay bthmh pejie moiu- 
hocth 3aKJiK>HaeTca b tom, hto pejie MaxcHMajib- 
HOft moiuhocth HMeiOT ycTpoňCTBa ajih peryjin- 
poBaHHH Pp.m, a pejie HanpaBJíeHHH mouihocth hx 



He HMeiOT. 

B cooTBeTCTBHH c KOHCTpyKuneň h Ha3Haue- 
HHeM pejie MaKCHMajibHoň mouihocth aoji*ho 
ueňcTBOBaTb npu ycjioBHH, ecjiH P p HMeeT onpe* 
Ae^eHHoe HanpaBJíeHHe h upeBHiuaeT 3apaHee aa- 


Bbik/i.fl Bufa t 



Oar. III,I. SjíeMemapnaH cxeMa ceTH 4 hi*. III, 2. 3;ieMeHrapnasT cxeMa HanpaBJíeiiHoři 3amHiu jimuifi, 
c AByxcTOpOHHHM nuTaHHeM noacTaimHH. nHTaiomHx no a ct au urno ot AByx hcto>ihhkob. 


CTpyxuHH pejie MomHocTb, noABOAHMaa k ero 
o6motk3m, paBHa hjih nponopuHOHajibHa moiu* 
hocth Pp Ha 3a*HMax peJie. P p onpeAeJiaeTca 
npOH3BeueHHeM TOKa Ha HanpaaceHHe, noABOAH- 
MOe K 9THM 3aMCHMaM, H H3 KOCHHyC HJIH CHHyC 
yrJia CABHra <f>a3 Meacuy hhmh. Hcnoab3yioTca 
Taxace pejie, y KOTOpbix noA 3HaK TpnroHOMeT- 
panecKoň (JiyHKUHii b BbipaaceHHH ajih Pp bxoaht 
aon^HHTeJibHbiň yroji, onpeAejiaeMbiň KOHCTpyu- 
UHeň peae (cm. HHace). B xanecTBe npuMepa npH- 
BeaeM BbipaaceHHH ajih M ep h P p ajih pejie, Aeft- 
cTByioiuero ot axTHBHOň cocTaBJíaiomeň mouiho- 

CTH: Mep = k . Up • ip COS cfr. (III, 1) 

CocTaBJíHiomaH Ha KOTopyio oho pearnpyeT: 

P p = u p - i p cos ep p , (III, 2) 

rjie u p , i p h <?p — cooTBCTCTBeHHo HanpaaceHHe, 
tok h yroji CABHra 4>a3 MeacAy tokom h Hanpa- 
aceHHeM Ha 3aaíHMax pejie, 

ZlJIH AeflCTBHH pe^e HeOÓXOAHMO, HTOÓH Mep 
6hji 6ojibnie npoTHBOAeňCTByioiuero MOMeHta. 

ÍTpoTHBOAeScTByiomHft momcht co3AaeTca Me- 
XaHHHeCKHMH (JjaKTÓpaMH: TpeHHeM OCH B IJOAnHT- 
HHKax, AeňcTBHeM yAepacHBaioiueň npyacHHbí 
h t. n. MHHHMa^ibHaa P p , HeoóxoAHMaa ajih Aefl* 
ctbhh pejie, Ha3biBaeTca MOiuHocTbio Tpora- 

HHH Pp.m. 

AeňcTBHH pejie hcoóxoahmo, htoóh 

Pp>Pp.m. (111,3) 


AaHHyio Be^HHHHy, a pejie HanpaB^ieHHH mouiho¬ 
cth B 33BHCHMOCTH TOflbKO OT HanpaBaeHHH Pp He- 
33BHCHMO OT ee Be^HUHHbl. 

rio9TOMy pe^e MaKCHMajibHoň moiuhocth hc- 
noAHHioT Ha pa3Hbie P p . m ot AecaTux Aoaeň ao 
tuchuh h 6oaee BOAbTaMnep h^h BaTT b 3aBHCH- 
mocth ot ycaoBHň hx pa6oTu. Pe^ie HanpaBAeHHH 
MOUIHOCTH CTpeMSTCH BblUOJIHHTb C H3HMeHb- 
ineň Pp.m . ripaKTHHecKH hx Hcno/iHaioT c P p . m 
npHMSpHO OT 2 VA HJIH W H BUUie. 

3. HAnpABJIEHHOCTb PEJIE MOUIHOCTH 

H3 COOTHOtUeHHň (III, 1) H (III, 2) BHAHO, UTO 
Pp H Mep MOryT HMeTb HJIH nOJIOIKHTeJIbHHft HJIH 
OTpnuaTejIbHblň 3H3K B 33BHCHMOCTH OT BeJIHHHHH 

yrjia <p p . Ecjih no aScojuoTHoň BejiHHHHe ^<^90°* 
to P p h Mep nojioHCHTejibHM. Ecjih Hce %,>90°, 
TO Pp H Mep OTpHUaTeJIbHH. 

B 33BHCHMOCTH OT HanpaBJíeHHH HJIH 3HaKa Pp, 
Mep, OĎyCJIOB^ieHHHft 9TOS MOUIHOCTbK), B03Aeň- 
CTByeT Ha noABHHCHyio CHCTeMy pejie, KOTopaa 
3aMbiKaeT hjih pa3MbiKaeT KOHTaKTH. 3 to cboSctbo 
pejie h Hcnojib3yeTca aah uejieň 3aiuHTM. 

JXna oupeAeJieHHH ' HanpaBJíeHHH hjih SHaxa 
MOIUHOCTH HeOĎXOAHMO 3HaTb yCJIOBHbie nOJIOHCH- 
TejibHbie HanpaBJíeHHH TOKa h HaapnaceHna, npn- 
HaTue npn nocTpoeHHH BeKTOpHoň AHarpaMMbi. 

HanSojiee yAOÓHo: 

1) 3a noJioacHTeAbHoe HanpaBjíeHne tokob 
npHHHMaTb HanpaBAeHne ot HyAeBoft tohkh hc- 
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TOHHHXa nHT3HHH K MeCTy H3rpy3XH HAH nOBpeaC- ((J)Hr. 111,2), TOKOB3H OĎMOTK3 KOTOpOrO npHCO- 
AChhh; eAHHeHa ko BTCpHHHoň oĎMOTxe TpaHG(|)opMaTopa 

2) 3a no^OKHTe^ibHoe HanpaBAeHHe 9. a. c. TOxa, a o6motx3 HanpameHHa ko BTopwHHoň 06- 
h HanpaaceHHň npHHHMaTb HanpaBJíeHHe, coBna- MOTxe TpaHC(J)opMaTopa HanpameHHH, to npn 


Aaiomee c noAOJKHTeAbHbíM HanpaBJíeHHeM tokob. 

yqHTHBaa 9 th noAOweHHa, mojkho noKa3aTb, 
MTO npa HajIHHHH AByX HCTOHHHKOB IIHTaHHa P p , 

noABOAHMaa k 33}khm3m pe^é W x III, 2), 

MOHCeT HMeTb nOAOIKHTeAbHblft V HAH OTpHUaTeAb- 
Hblň 3H3K B 33BHCHMOCTH OT MeCTa BOBpejK- 
AeHHa. 

PaccMOTpHM H3MeHeHHe HanpaBJíeHHa hah 3Ha- 
Ka moiuhocth, npoTexaioiueft nepe3 BbiKAK>qaTeAb 1 
(4>hi\ III, 2), no OTHomeHHK) k innHaM noACTaH- 
UHh A npn noBpe>KA6HHH b Touxax P h F". fl^a 
9TÓro nocTpOHM BCKTopHyio AHarpaMMy TOxa h 
HanpaaceHHa npH noBpexcAeHHax b 9thx Tonxax. 


H3M6H6HHH HanpaBA6HHH moiuhocth, npoTexaiomeň 
nepe3 BbixjnoqaTeAb /, BpaiuaKuuHň mom 8 ht, ueň- 
CTByioraHň Ha pe./ie Wi, čyueT H3MeHaTb cboíí 
3H3K. íleflCTBHTe^bHaa BeKTOp^aa AHarpaMMa aah 
TOK a h Hanpa)KeHHa, noABOAHMbix k 3 aacnMaM 
pe^e rjih CAyaaeB noBpeatAeHHa b Touxax F' 
h F", 6yAeT H3o6paaceHa Ha (pnr. III, 4. 

JÍ3 AHarpaMMbi bhaho, hto ecAH b nepBOM 
CAynae yroji f p p MewAy tokom h HanpjDxeHHeM, 
noABOAHMbix k 3aacHMaM pe^e, paBeH <p, to bo 
btopom CAyaae npn npouHx paBHux ycAOBnax 
yrÓA <ř P F" MeacAy tokom h HanpsnxeHHeM, noABO- 
AHMbiM k 3aacHMaM pe.ne, paBeH ^ -f- 180°. TaKHM 


npH nocTpoeHHH BeKTopHoň AnarpaMMbi npHMeM, 

Uf\ u,* 


4>Hr. 111,3. BeKTOpnas anarpaMMa 
tokob h HanpstweHHH npn h3msh©hhh 
HanpaBaeHHfl moiuhocth. 


irpaMMbi npHMeM, p6pa30M P , Ha xoTopyio oho pearHpyeT,.corviac- 

ho (III, 2), b nepBOM cAyqae HMeer 
yjoť nOAOACHTeAbHblň 3H3K, TaK KaK 

// COS?pf» = COScp>0, BO BTOpOM CAy- 

qae — OTpHqaTeAbHbiň 3Hax, TaK xax 

cos VpF" = cos (180°+ <f) = cos tp<0. 

Ecah pe^ie nocťpoeHO Tax, hto 
oho, HanpnMep, 3aMbixaeT cboh xoh- 
TaxTU npn n0A03KHTeAbH0M 3Haxe 
<řnr. 111,4. BeKTopnan nnarpaMMa p H p a3MHKaeT HX — npn OTpnna- 
^anpH^ceHHH H TOKa. nOABOAHMHX p p p p 

k 3 a»(HMaM pe^e HanpaBJíeHHH ivom- TeJlbHOM, TO C IIOMOmblO TaKHX pe^ie 
HOCTH, B 33 BHCHMOCTH OT MeCia MOHCGT ÓbITb BblIlOJIHGHa CGJieKTHB” 


noBpeacAenHH b cem H aa samHTa ahhhA no <|)Hr. III, 2.. 


Taxaa 3amnTa c pejie, AeftCTByx)niHMH 


HTO nOAOKHTeAbHHMH HanpaBJíeHHHMH TOKa H 
HanpaxceHHH hbaaiotch HanpaBAeHHH qt ihhh 
noACTaHUHH A b ^hhhk), noxa3aHHyio Ha 4>Hr. III, 2 
CTpeJixoň. JIonycTHM Taxace, hto HanpnaceHHe 
npHMepHO coBnaAaeT no (J>a3e c 9. a. c. reHepa* 
paTopoB h Ai., npn noBpeacAeHHH b Tonxe F' 
MoniHOCTb ot reHepaTopHOfi cTaHpnH r [ nocTy- 
naeT x MeCTy noBpeac aghhh qepe3 BbiKAioqaTeAb 1 
b HanpaBAeHHH ot uihh noACTaHUHH A b ahhhio. 
Otjiohchm BeKTOp uf Ha BexTopHofl AwarpaMMe 
(4)ht. III, 3) caeBa HanpaBO/ BexTop If OTCTaeT 
ot BexTopa HanpnaceHHH Ha HexoTopufi yroa <p, 
33BHCBmHH OT COOTHOUieHHH 3KTHBHOH H peaK- 
thbhoh cocTaBAaiomHX conpoTHBAeHHH yqacTxa 
AHHHH A — Ai OT M6CTa nOBpeAvAGHHS P AO UIHH 
noACTaHUHH A. 

npn noBpeixAeHHH b Tonxe F” MoniHOCTb ot 
reHepaTopHoii ct3huhh r » nocrynaeT x MecTy 
noBpejKACHHH qepe3 BbiKAx>qaTeAb / b HanpaBAe- 
HHH H3 VIHHHH A — Al X UJHH3M nOACT3HUHH A. 
BexTop uf', npHHHTbiň npHMepHO coBnaAaxíniHM 
no <j>a3e c 9. a. c., ocTaHeTca coBnaAaiomHM no 
4>ase h c BexTopoM up. Ho Tax xax MomHOCTb 
HMeeT Tenepb oópaTHoe HanpaBAeHne no cpaB- 
HeHHio c npeAbiAymnM c^ynaeM, to Ha BexTopHoň 
AHarpaMMe HeočxoAHMO OT^oacHTb BexTop Ip' 
npHMepHO b oópaTHOM HanpaBAeHHH no OTHOine- 
hhk> x BexTopy If. Ecah Ha BbixAKJnaTeAe / 
ycTaHOBAeHo pe^e HanpaBAeHHH moiahocth Wí 


B 33 BHCHMOCTH OT H3npaBA6HHH MOmHOCTH, Ha3bl- 
BaeTca HanpaBAeHHoft 3aniHToň. ŠamHTa 
C peAe HanpaB^eHHB MCH1HOCTH H MaKCHMaAbHblMH 
toxobhmh pe.ne b xanecTBe nycxoBHx opraHOB 
Ha3blBaeTCH M aKCHM a^bHOft TOKOBOň Ha- 
npaBAeHHOfi saiuHTofl. 

H 3 npHBeAeHHbix Bbiine paccyacAeHHft cneAyeT, 
HTO nOAOHCHTe^lbHblfl 3HaK Pp COOTBeTCTByeT no- 
Bpe»AeHHio b TOixe F', t. e. noBpeacAeHHio Ha 
TOfl AHHHH, Ha KOTOpOŘ yCT3HOBAeHO pfcAe W j 

( $ht. III, 2). CAeAOBaTe^ibHo, noAoacHTeAbHbift 
3 Hax Pp Ha 3aHomax pe^e 1^! (<J)Hr. III, 2) ccot- 
BeTCTByeT HanpaBJíeHHK) mohihocth ot ihhh noA- 
CTaHUHH B AHHHK). OTpHnaTeAbHblfl 3HaX Pp Ha3a- 
jxHMax pe^e cooTBeTCi ByeT noupewAeHHK) b 
TOnxe F", T. e. HanpaBAeHHK) MOUiHOCTH H3 AHHHR 
K UIHH3M noACTaHUHH. rio9TOMy B AaAbHeftmeM 
npn paceMOTpeHHH cxeM BKJiKrqeHpfl pe^e h 
A eflCTBHH 3aniHTbI npHHflTO, HTO ee^IH 3HaX MOIU- 

hocth, noiiBOAHMOň x 3 a3KHMaM pe/.e npn no- 
BpeX(AGHHH, COOTBeTCTByeT HanpaBAeHHIO moiu¬ 
hocth OT UIHH noACTaHUHH B AHHHIO, TO pejie 
MOIUHOCTH AOA*HO AaBaTb B03M0»H0CTb OTKAIO- 
qaTb CTOHmHň Ha 9T0fl AHHHH BblKAKJHaTeAb. 
3 tOT npHHUHn npHHHT B OCHOBy BbinOAHeHHH 
Bcex • AHHefiHHX 33IUHT C peAe HanpaBAeHHH 
MOmHOCTH, BXAIOUaeMblX Ha 4>a3Hbie HAH AHHefl- 

Hwe HanpjijKeHHa h' toxh. 
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4. OCHOBHbIE OPrAHbl MAKCHMAJIbHOň 
HAHPABJlEHHOfl 3AiUHTbI 


5. BCTPEMHO-CTynEHMATblfl IlPHHII,Hn nOflBOPA. 
BblflEPlKEK BPEMEHH 


B cxeMy MaKCHMaAbHOft HanpaBJíeHHoft 3amHTbi 
b oĎmeM cayqae bxoaht Tpa ochobhhx opraHa 
(<J)Hr. 111,5): 

1) nycKOBOň opraH; 2) opraH HanpaBAeHHH; 
3) opraH BbiaepxcKH BpeMeHH. 

flycKOBoň opraH hcoďxoahm aah Toro, hto6h 
He AOnVi THTb AeftCTBHH 3aiUHTbI B HOpMa^bHUX 
yCUOBHHX. B03MO)KHOCTb fleňCTBHH OĎTjflCHfleTCH 
TeM, HTO B HOpMajIbHblX yCAOBHHX paĎOTbí CeTH 
MOmHOCTb MOiKeT HMeTb HanpaB^ieHHe He TOAbKO 
K HIHH3M, HO H OT III HH nOACT3HIIHH. IlpH 9TOM 

pe;ie HanpaBJíeHH h mohihocth mohcct noAeňcT- 
BOBaTb H npOH3BeCTH HenpaBH^bHOe OTKJIIOHeHHe 
jihhhh. J\jia npeaýnpeHcaeHHH t3khx OTKAioqeHHň 
ycTaHaBJíHBaioT pejie, AefiCTByiomHe toabko npH 


B paflHajIbHOň CeTH C HeCKO./IbKHMH HCTOHHH" 
K3MH nHTaHHH, a T3K5Ke B KOJIblieBOň CeTH C 
OAHHM HCTOHHHKOM nHT3HHH JMU Ce^eKTHBHOrO 
fleftCTBHH 3aniHTU BbiaepHCKH BpeMeHH Ha 3aiHH- 
Tax noAÓHpaioTCH no BCTpeqHO-CTyneHqaTOMy 
npHHUHny, cymHOCTb KOToporo moucho yacHHTb. 
H 3 c^ieAyiomero. Ha (jim. III, 6a noKasana ynpo- 
meHHaa OAHOAHHeňHaH cxeMa paflHajibHoň cem 
C HeTHpbMH nOACTaHUHHMH A, B, C H D, CBH3aH- 
HblMH O^HHOHHHMH AHHHHMH. Ot IIIHH KajKAOfl 

noACTaHUHH otxoaht (fiHnepu '1’a, &B, Oc, &D- 

K TeM xce niHHaM KancnoS noflCTaHHHH noAK^io- 

HeHH HCTOHHHKH nHT3HHH /"d, /fi, /'c H //). 

ripeAno^oiKHM, hto Ha BUK^ioqaTeAHX 2-4-6' 
3aniHTa otcyTCTByeT h noBpexcAeHHe npoH3omao> 



4>Hr. III,5. IIpHHUHnHaabHafl 
cxeMa KOMnaeKTa MaKCHMaab- 
hoh HanpaBaeHHoň 3aiu.HTU 
um oíihoh (jmu. 


B03HHKH0BCHHH nOBpeiKASHHŮ B CeTH. 

3th pe^ie Ha3biBaioTCH nycKOBbíM 
opraHOM 3aniHTbi hah nycKO- 
BblMH pe^e. 

B KaqecTBe nycKOBbix b 6oAb- 
uiHHCTBe CAynaeB npHMeHaioT m3kch- 
MaabHbie TOKOBbie pene. 

OpraH HanpaBAeHHH HeoóxoAHM 

jma onpeaeAeHHH HanpaBJíeHHH moui- 

HOCTH B AHHHH HO OTHOUieHHÍO 
K UIHH3M nOACTaHHHH B yCAOBHHX 
noBpeJKAeHna. OpraH BbmepacKH 
BpeMeHH HeoĎxoAHM a-hh oóecneqe- 

HHa Ce^eKTHBHPCTH AeftCTBHa 3a- 
IHHTbJ. 




Ohi - . III,6. BcTpeíHO-CTyneHqaTbifi npHiniHn. 

a — s jieMeirrapHafl cxeMa pafluajibHoň ceTH c HecKOjibKHMH HCToMHHKaivm 
nHTaHHíi; 6 — flnarpaMMbi BbiAepnceK BpeMeHH MaKCHMajibHofi HanpaBJíeHHoň 
3amHTy, HacTpoeHHoň no BCTpeMHO-cTýneHHaTOMy npHHUiiny. 


H!l 4>Hr. III, 5 npHBeAeHa ynpomeHHaa npHH- 
UHnHaAbHaa cxeMa BKAroaeHHa Tpex opraHOB Max- 
CHMa^bHoň HanpaBJíeHHOfi 3auiHTbi juih OAHoft 
<J»a3bi. H3 cxeMU bhaho, hto 3auiHTa b ueAOM 
MOHeeT npOH3BéCTH OTKAIOqeHHe BUKAIOqaTeAa 
COOTBeTCTByiOmeň AHHHH TOAbKO npH yCAOBHH, 
ecan noAeňcTByioT Bce opraHbí cxeMbi. 


Ha 4>HAepe $z>. Tor^a npnAyT b AeňcTBHe 3aiiiH- 
Tbi Ha BbiKjnoqaTeJiax 5-3-1 h BbiKjnoaaTeAax Bcex 
reHepaTopoB. 

Um Toro HTOÓbi AeňcTBHe 3amHTbi óhjio 
CejieKTHBHblM, HeOĎXOAHMO, HTOĎbl BUAépHCK3' 
BpeMeHH 3am,HTH Ha Ka*AOM nocAeAyiomeM yqa- 
CTKe, cqHTaa ot MecTa noBpejKAeHHa b HanpaB- 
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JieHHH K HCTOqHHKaM HHTaHHa, ÓblJia MHHHMyM 
na CTyneHb 6onbme, qeM Ha npeauaymeM yqacTxe 
^cm. ra. II, § 3). 

ZlHarpaMMa cooTBeTCTByiomHx Buaepacex Bpe- 
“mghh npHBeneHa b BepxHeň qaCTH (})Hr. 111,66, 
H3 KOTOpOft BH4H0, HTO BblJiepHCXH BpeMeHH 3a- 
ihht ®d, 5, 3, 1 h Ta noBHmaiOTCH eryneHHMH b 
H anpaBaeHHH ot MecTa noBpeacasHHa k HCToqHHxy 
BÍHTaHHB. 

Tenepb npeanonoacHM, hto oTcyTCTByioT 3 a- 
mHTbi Ha BbiKaioHaTeaax 1-3-5, h noBpeacaeHHe 
JipoH30nwo Ha 4>Hflepe $ 4 . B stom cnyqae npa 
,iyT b ^eflcTBHe 3aaiHTu, ycTaHOBaeHHue Ha bh- 
KVHoqaieaax 2,4, 6 h BMK/noqaTenax Bcex reHe- 



<í>Hr.III,7. SjíeMeHTapHaa 
cxeMa ceTH, 3 aMKHyToft 
S KOabUO C OflHHM HCTO<I- 
HHKOM IIHTaHHH. 


paTOpOB. Rjl H CeaeKTHBHOrO AeňCTBHH 3aiIIHTbl 
HeOÓXOAHMO, HTOÓH Bbiaep)KKH BpeMeHH HOBH- 
maaHCb, Kax noxasaHO b HHacHeň qacTH <|>Hr. III, 66. 

BuflepacKH BpeMeHH 3amHT hctohhhxob iih- 
TaHHfl r B , Tc vi Td aonacHbí 6biTb Ha CTyneHb 
Buuie Bwaepacex BpeMeHH Bcex 3an*HT, ycTaHOB- 
aeHHUX Ha JIHHHHX, OTXOflHEHHX OT IIIHH COOTBeT- 
CTByiomeft noACTaHUHH. 

flpH pacCMOTpeHHH cayqaeB noBpeacaeHHft 
Ha $naepax $0 h, 3>a mm npeanonarann, hto 
3amHTbi Ha BbixmoqaTenax 2-4-6 hjih 1-3-5 ot- 

CyTCTBOBajIH. B aeflCTBHTeabHOCTH ace 3TH 3a- 
m,HTbi HMeioTca b o6ohx cnyqaax noBpeacaeHHH. 
Ji/ia toto htoďu 3amHTa ceTH b uenoM aeňCTBO- 
saaa ceaeKTHBHO, HeoóxoaHMo cae.aaTb Tax, 
qTOÓbi npn paccMaTpHBaeMbix noBpeacaeHHax 3a- 
ihhtu, ycTaHOBneHHue Ha BbixníoqaTenHx 2-4-6 
h 1-3-5, noonepe^Ho He aeficTBOBaaH. 3to bo3- 
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MOXCHO OCymeCTBHTb, eCJIH yCT3H0BHTb 3amHTy, 
AeftcTByiomyK) b 33bhchmocth ot HanpaBaeHHa 
moiuhocth. Bxmoqaa 3amHTy Tax, hto6w OHa 
AeflCTBOBana Tonbxo npn moihhocth, Hanp^BaeH- 
hoů ot. uihh noacTaHUHH b nnHHto, xax noxa3aHO 
CTpenxaMH Ha (jmr. III, 6a, mohcho BbinonHHTb ee 
cenexTHBHOň ojí h ceTH b uenoM. 

n P H ycTaHOBxe npocToň MaxcHManbHoň toxo- 
Boň 3am,HTbi Ha 3 thx BbixaKjqaTenax cenexTHBHoro 
Aeflcf bhh 3 amHTbi nonyHHTb Henb3a, Tax xax He- 
B03M03KH0 noao6paTb HeoóxoAHMue ana stofo 
BÍJA epJKKH BpeMeHH. 

H3 (Jmr. III, 66 bh^ho, HanpHMep, hto Bbiaepac- 
xa BpeMeHH 3amHTbi Ha BbixjiK>qaTene 5 MeHbme 
BbiaepacxH BpeMeHH 3auiHTu Ha Bbixjix>qaTeae 4. 
ripn OTcyTCTBHH y BbixníoqaTena 5 3amHTbi, aeft- 
CTByx)meň b 33Bhchmocth ot HanpaBJíeHHa Mom- 
hocth, noBpeacaeHHe Ha nHHHH Meacay noACTaH- 
uhhmh B h C OTxmoqanocb 6u BUXJiioqaTeneM 5 
HecenexTHBHO, Tax xax BwxnxjqaTenb 5 otx^k)- 
qnjiCH 6w paHbiue BHxmoqaTena 4 h noacTaH- 
Phh C TaxHM o6pa30M OTxax)qHnacb 
6 h c o6enx ctopoh. Taxae ace pe- 
3yabTaTH MoryT 6HTb noayqeHbí 
npn noBpeacaeHHHx h Ha apyrnx 
aHHHHx. rtoaTOMy Ha Bcex BHXaK)- 
qaTenax, Ha xoTopux MomHocTb 
MoaceT H3MeHaTb CBoe HanpaBaeHHe, 
HeoĎxoaHMO b o6meM cayqae CTa- 
BHTb 3amHTy, aeňCTByiomyK) b 33bh- 
ckmocth ot HanpaBaeHHH MOmHOCTH. 

Ha III, 6a sto ycnoBHO no- 
xa3aHO TpeyroabHHxaMH, BnucaHHbíMH 
B npaMoyroflbHHXH, H3o6paacaiomHe BuxajoqaTeaH. 

TaxHM ace nyTeM HeTpyaHO noxa3aTb, hto c 
noMombK) 3anxHTbi, aeScTByxjmeft b 33bhchmocth 
ot HanpaBaeHHa mohihocth, MoacHO BunoaHHTb 
ceaexTHBHyio 3amHTy aHHHň, 3aMXHyTbix b xoab- 
uo h HMerouiHx oaHy Toqxy nHTaHHa. 

Ha 4>Hr. III, 7 noxa3aHa ynpomeHHaa cxeMa 
Taxoň ceTH, npnqeM MecTa ycTaHOBXH 3aui,HTbi, 
aeňCTByiomeň b 33bhchmocth ot HanpaBaeHHa 
mooihocth, noxa3aHbi xax Ha (|>Hr. III, 6. Ha oc- 
TaabHux BbixnxjqaTeaax MoacéT 6wTb ycTaHOB- 
aeHa npocTaa MaxcHMaabHaa TOxoBaa 3aotHTa. 
BHaepacxH BpeMeHH Ha 3amHTax BHĎnpaiOT cor- 
nacHO BCTpeqHO-CTyneHqaTOMy npHHUHtiy. jQ,na 
toto qTOĎbi aeňcTBHe 3amHTbi 6ano ceaexTHB- 
HbiM, Heo6xoAHMO BbinonHHTb caeayioiHHe ycao- 
bhh : \ 


> t 2 + M, 
tr, t~ — J— A t, 
4>Í 4 + Ař, 

4 > ^ + ^4 

tr ^ t x -|- A t. 


4 ^ č<pa -f- A t\ 
4 ^ t&c -f-Ař 
4 ^ ~(~ Aí: 

4 ^ -f- A t 

4 5-' t&c-\-kt 
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Bb«ep>KKH BpeMeHH ycTaHaBAHBaioTCH no 6oAb- 

EI1HM H3 nOAyqeHHbIX 3H3HeHHft. 

Ha BbiKJiioHaT6JiHx 2 h 7 3 amHTbi MoryT Aefi- 
CTBOBaTb ToabKo npn ycAOBHH noBpeacAeHHH Ha 
AHHHHX, Ha KOTOpbIX., OHH yCTaHOBACHH. íloSTOMy 
HX BbiaepH<KH BpeMeHH He 33BHCHT ot BbiAepaceic 
BpeMeHH 3amHT, ycTaHOB^eHHbix Ha apynix ah- 
HHHX, H, CJieAOBaTe^bHO, MOryT ÓbITb MrHOBeH- 
HblMH. 

B nyHKTax, rae HanpaBAeHHe moihhocth He 
n3MeHHeTCH, opraH HanpaBAeHHH b cxeMe 3aiu.HTbi 
ne ycTaHaBJíHBaeTCH. K TaKHM nyHKTaM othochtch 
BM oioHaTe^H Bcex 4>HAepoB, otxoahihhx ot iiihh 
noacTaHUHH (4>Hr. III, 6a h III, 7), h BHKAioqaTeAH 1 
h 8 Ha (fmr. lil, 7. KpoMe toto 3amHTa MoaceT 
6uTb ycTaHOBAeHa 6e3 opraHa HanpaBAeHHH h Ha 
HeKOTOpbIX ApyrHX BHKAIOqaTeAHX AHHH0, COeAH- 
hhjoiuhx noACTaHU.HH. Ecah, HanpHMep, BbiAepacKa 
BpeMeHH 3aiwjTM Ha BUKAioqaTeAe 6 (<Jmr. III, 7) 
6oabuie BbiAépxcKH BpeMeHH 3amHTu (pHAepa, 
OTxoAflmero ot raHH noACTaHUHH C, He MeHee 
neM Ha CTyneHb ceAeKTHBHoCTH, to ycTaHOBKa 
opraHa HanpaBAeHHH y 3amHTH Ha BbiKAioqaTeAe 6 
HBAaeTCH Heo6a3aTeAbHoň. 3amHTa óyAeT Aefl- 
CTBOBaíb ceaeKTHBHO h 6e3 Hero. B oémeM CAy- 
qae opraHbí HanpaBAeHHH aoahchm ycraHaBAH- 

B3TbCH TOAbKO C TO0 OAHO0 CTOpOHbl AHHHH, 
3amnTa KOTopoň HMeeT MeHbmyio BbiAepacKy 
BpeMeHH. 

B 33KAlOHeHHe HeOĎXOAHMO OTMeTHTb, HTO B 
KOAbUOBaHHHX CeTHX C HHCAOM HCTOHHHKOB nK- 
T3HHH ĎOAblUHM OAHOrO, a T3KACe B K0AbU0B3H- 
HblX CeTHX C OAflHM HCTOHHHKOM nHTaHHH H Ha- 
juiHHeM nonepenHbix CBH3eft (ahhhů MeacAy noHH- 
xcaioníHMH noACTaHUHHMH) paccMOTpeHHbiň npHH- 
unn BCTpeHHo-CTyneHuaToro noAĎopa BbmepaceK 
BpeMeHH yace He MoaceT 6«Tb noAHoneHHo hc- 

nOAb30BaH, TaK KaK B 9THX CeTHX HeB03M0H£H0 
yeT3H0BHTb nepBHX yUaCTKOB, C 3aiIÍHT KOTOpUX 
mohcho 6hao 6bi HauHHaTb pacueT BbiAepaceK 
BpeMeHH. 

6. TOKH TPOrAHHfl PEJIE IiyCKOBblX OPrAHOB 

Tokh TporaHHH peAe i p . m nycKOBHX opraHOB 
HanpaBAeHHoň 3amHTbi BbiénpaioTCH rfa Tex ace 
OCHOB3HHHX, HTO H AAH MaKCHM3AbH0ft T0K0B0Ě 
3aiUHTW (CM. TA. II, § 2). ripH 9TOM AOAHCHM ĎbITb 
COĎAIOAeHU ABa OCHOBHbIX yCAOBHH: 

1. Ha KajKAOM KOMnAeKTe 3 ainHTbi i p . m aoa- 
aceH ÓMTb SoAbrae . MaKCHMaAbHO B03MoacHoro b 
AaHHOft AHHHH paĎOqerO TOKa. Ecah 3T0 yCAOBHe 
He coĎAioAeHO, to 3aurHTa MO*eT cpačoTaTb noA 
B03AeňCTBHeM tokob Harpy3KH. B Tex CAyqanx, 
KorAa uyBCTBHTeAbHOCTb 3amuTbi noayqaeTCH npn 
9T0M HeAOCTaTOHHOfl, i p . m AOnyCTHMO BUĎHpaTb 
dOAbUIHM TOAbKO M3KCHMaAbHOrO paÓOHerO TOKa, 
KOTOpUH MOHeeT TeHb OT II1HH B AHHHIO. jO[AH 
npeAOTBpameHHH ace HeceAeKTHBHoro OTKAioqe- 
HHH AHHHH 3 a cqeT HenpaBHAbHOň paČOTbl peAe 


HanpaBAeHHH npn HapyuieHHax ero ueneň Hanpa- 
aceHHH (HanpHMep, neperopaHHH qacTH npeAO- 
xpaHHTeAeň) i p , m aceAaTeAbHO HMeTb npn stom 
ĎOA bUíHM HopMaAbHoro pa6oqero toio. 

2. CqHTaa ot HanóoAee yAaAeHHOň tohkh Ha- 
rpy3KH B HanpaBAeHHH K HCTOUHHKy nHTaHHH ,i p .m 
Ha KaacAOM nocAeAyiomeM yuacTKe He AOAaceH 
ČHTb MeHbrne ip.m Ha npeAMAymeM yqacTKe. 
yqHTUBaa B03MoacHyio HeTouHOCTb b HacTpoňKe 
h AeňCTBHH pene, aah HaAeacHoro oóecneqeHHH 
ceAejKTHBHOCTH aceAaTeAbHO, htoSm i p . m peAe, 
ycTaHOBAeHHoro Ha KaacAOM nocAeAyiouj,eM yqacT- 
Ke, cqHTaa b yK33aHH0M HanpaBAeHHH, 6ha He- 
CKOAbKo 6oAbuie i p . m peAe, ycTaHOBAeHHoro Ha 
npeAHAymHx yqacTKax. 

Ecah ahhhh <pEr. III, 7 3aMKHyTbi b KOAbuo, 
to npn noBpeacAeHKHx, HanpHMep, Ha ahhhh r-A, 
TOKH KOpOTKOrO 33MbIKaHHH qepe3 BbIKAK>qáTeAH 1 
h 2 pacnpeAeAHioTCH o6parao nponopunoHaAbHO 
conpoTHBAeHHHM: yqaCTKa ahhhh T - A ot hihh 
CT3HUHH r AO MeCTa nOBpeaCACHHH H AHHHŘ F-C, 
C-B, B-A, a-Taxace yqacTKa ahhhh r-A ot uihh 
noACTaHUHH A ao MeCTa noBpeacACHHa. BeAHHHHa 
Tona qepe3 BbiKAíoqaTeAb 2 MoaceT OKa3aTbca 
HeAOCTaToqHoft aah AeňCTBHH peAe nycKOBOro 
opraHa. 

B TaKHX 'CAyqanx 3amHTa Ha BbiKAioqaTeAe 2 
noAeítCTByeT TOAbKO nocAe OTKAroqeHHH bukaio- 
qareAH 7, KorAa Becb tok noBpeacAeHHH 6yAeT 
npoTeKaTb qepe3 BbiKAioqaTeAb 2. Taxoe AeňcT- 
BHe 3anrHTH Ha3biBaeTca KacKaAHUM. BpeMH 
AHKBHAauHH B03HHKmero noBpeacAeHHH cka3au- 
BaeTCH H3 cyMMbi BpeweH AeňCTBHH 3amHTbi cob- 
MeCTHO C BblKAIOqaTeAeM 1 H 3amHTbI COBMeCTHO 

c BbiKAioqaTeAeM 2. C stoS tohkh 3peHHH KacKaA- 

Hoe AeňCTBHe 3amHTu HBAHeTca HeaceAaTeAbHbíM. 

Ha Hí, 66 noKa3aHbi xapaKTepncTHKH 

BMAspaceK BpeMeHH, He3aBHCHMHe ot TOKa. Gah3* 
ko npHHUHnnaAbHo ceAeKTHBHoe agActbuc 3amn- 
tu MoacHO noAyqnTb h c noMontbio peAe, HMeio- 
iuhx orpaHHqeHHO*33BHCHMbie xapaKTepHCTHKH. 
ripHMeHHTeAbHO K KOAbljeBOň ceTH nocAeAHHe 
oĎAaAaioT, OAH3KO, TeM HeAOCTaTKOM, qTO MoryT 
OTKAioqaTb noBpeacAeHHH c 3aBbimeHHUMH bh- 
AepacKaMH BpeMeHH, pačoTaa b 33bhchmo 8 qacrn 
xapaKTepncTHK npn HeóAaronpHHTHOM pacnpeae- 

AeHHH TOKOB KOpOTKOrO 33MblKaHHH B BeTBHX 
KOAbua. 

7. OCHOBHbIE TPEBOBAHHfl, nPE/EbHBJlflEMblE 
K PEJIE HAIIPABJ1EHHÍI MOLU.HOCTH 

riOMHMO OOmHX TpeÓOBaHHfl, npeAt^BAHeMblX 
k peAe (cm. ta. II), k peAe HanpaBAeHHH moui- 
hocth npeA"bHBAHioTCH HexoTopbie. cneuuaAbHbie 
TpeĎOBaHHH. OCHOBHUMH H3 HHX HBAHIOTCH CAe- 
Ay lomné: 

1) Pp.m peAe AOAHCHa ÓbITb B03MOHCHO MeHb- 

meň; 

2) peAe He aoajkho oĎAaAaTb caMoxoAOM; 
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3) coóCTBeHHoe BpeMH AeflCTBHH pejie aoahcho 

ĎblTb B03M02KH0 MeHblllHM. 

BuiueyKa3aHHbie TpeóoBaHHH oóycAOB/iHBaiOT- 
Cfl CJie^yiOIHHMH npHUHHaMH. 

BejiH^HHa P p Ha 3aacHMax pe^e HanpaBjíeHHH 
MOIHHOCTH npa lipOHHX paBHbIX yCJIOBHHX 33BHCHT 
ot Be^HHHHM HanpflHceHHH, noaBOAHMoro k ero 
3axcHM8M. HanpHHteHHe, noABOAHMoe k 3axcHMaM 
pejie, npH Tpex4-a3Hux noBpexcAeHHHx paBHo 
ocTaTO^HOMy HanpHHceHHio Ha uiHHax noACTaHUHH, 
ASAeHHOMy Ha KOS^HUHeHT TpaHC(J>OpMaiIHH TpaHC- 
4>opMaTopa HanpaHceHHH n H • flpH noBpeacAeHHH 


pa 3 MbIKaHHH XOHT 3 XTOB H He flOJIMCHH OTKJIJOHaTb BbíKJHO- 

qaTejiH 2 u 3, 

w OflHaXO, BCJI 6 ACTBH 6 TOrO HTO peJie HaXOJHTCH B MepT- 
boh 30 He, ohh He CMoryi ycTaHOBHTb HanpaBjíeHHH moiií- 
hocth. ripH OTcyTCTBHH caMOxojia no Tony HenpaBHJibHoro- 
.neHCTBHH 33 IHHTbl Ha BHXJHOqaTeJIHřX 2 H 3 He np 0 H 30 H.neT. 
noBpeacHeHHe otkjiiohhtch 3 amHT 0 H, ycTaHOBJíeHHOH Ha bw- 
KJiiOMaTejie noBpeHv^eHHoro (JJUflepa, H jiHXBHUHpyeTCíi thkhm 
o 6 pa 30 M npaBHjibHo. Ecjih a*e pejie HanpaB.ieHHa Ha Bbixjno- 
qaiejiax 2 h 3 očjiajiaiOT HBjíeHHeM, caMoxojia ot Toxa b 
CT opOHy cpaóaTbiBaHHH pejie, h Bu^epncKH BpeMeHH paóoTbi 
3 amHTbi 2 ví 3 MeHbine BbmepncxH BpeMeHH 3 amHTbi Ha nOB- 
pe^KHOHHOM $Hiiepe, to 3 aiuHTbi 2 h 3 cpaóoTaiOT paHbuie* 
neM ycneeT cpaóoTaTh 3 aiuHTa nocJiejiHero, h T3khm o 6 pa 30 M 
noHCTaHHHH B ocTaHeTCH 6e3 HanpííHceHHfl. 



b Henocpe^CTBeHHoň 6jih30cth ot ihhh noacTaH- 
uhh ocTaToqHoe HanpaxceHHe MoxceT 6biTb 6;ih3- 
KHM K‘Hy^IO. P p B 9 THX yCJIOBHHX MOXCeT OKa- 

3aTbCH MeHbiue P p . m pejie h noc./ieuHee He ijo- 
^efiCTByeT. 3 to 3HauHT, uto noBpexcueHHe npo- 
H3om^o b npeuejiax MepTBofi 3 ohh pejie. M e p t- 
B0Ě30H0Ř pejie Ha3UBaeTCH MaKCHMa^bHan 
AJiHHa uacTH 3amHiuaeMoň jihhhh, npH nošpexc- 
aeHHHX b npeuejiax KOTOpofi pe.7ie He aeňCTByeT 
BCJiencTBHe Toro, uto BeJMUHHa ocTaTOUHOro 

HanpjnKeHHH oĎycjiOBJíHBaeT P p <CP P . m - 

HeM óojibme Pp.m , TeM 6ojibuie npH npoHHx 
paBHbix ycjiOBHHX MepTBaa 30Ha. JXjim yMeHbineHHH 
MepTBOft 30HbI HeOĎXOAHMO HMeTb peJie C B03- 
M02KH0 M a JI OH Pp.m- 

JlBJíeHneM caMOxoaa pejre moiuhocth Ha3biBaeTCH 
ero aeflcTBHe noa bjimíihkcm TOJibKO Toxa hjih TOJibxo Han- 
píOKeHHH. npHHHHbí CaMOXOUa OnpeneJIHIOTCH HeCHMMeTpHH- 
HblM BbinOJIHeHHeM CHCTeMbl, npH KOTOpOM MOHCeT nOHBHTbCH 
pe3yjibTHpyi( iuhA BpamaioiuHft momcht ot B3aHMoaeHCTBHH 
nOTOKa H HH^yKTHpOBaHHOrO HM ace TOKa B flHCKe (cm. 
tji. II, § 8). CaMOxo.a pejie moiuhocth mohcct HMeTb HanpaB- 
jieHne hjih b CTopOHy cpaóaTWBaHHíi pejie hjih b CTopOHy 
TopMOHceHHH. CaMOxofl b CTopoHy TopMOHceHHH yrpyójiHeT 
pejie, Tax xax npH stom yBejiHHHBaeTca ero P p m . CaMOxon 
b CTopoHy cpačaTbiBdHHH pejie mohcct BHSBaTb HenpaBHjib- 
Hoe jiencTBHe 3amHTbi. Ha 4>» r ' III, 8 noxa3aHa ynpomeHHaH 
cxeMa cem, xancjiax noaciaHHHH xoTopofi HMeeT AByxcTopoH- 
Hee nuTaHHe. Ha jihhhhx, coeuHHHiomHx sth noacTaHUHH, 
ycTaHOBJíeHa 3amHTa, HMeiomafl' opraH HanpaBjíeHHH. řípu 
MeiajuiHMecxoM Tpex<£a3H0M noBpeHíAeHHH (oóo3HaHeHHOM 
CTpejiKofi) Ha tj)Hjiepe b HenocpeucTBeHHOH 6 jih3octh ot hjhh 
noflciaHUHH HanpHHceHHe Ha niHHax noflCTaHUHH B óyjeT 
6 jih:khm k Hyjiio. Pejie nanpaBJíeHHH moiuhocth 3aiuHT 2 h 
3 oxaMcyTCH b MepTBOH 30He. Toxh qepe3 oómotxh pejie Tex 
ne samHT óyayT óojihujhmh, h nyCKOBwe opraHW 3aiuHTbi 
cpaóoTaioT. MoiuHOCTb ^iepe3 BbixjiioqaTejiH 2 u 3 HMeeT Ha- 
npaBJíeHHe x hihh3m no^cTaHUHH B, cjieuoBaTejibHO, pejie 
HanpaBJíeHHH moiuhocth aojiíkhu AefiCTBOBaTb b CTopoHy 
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4>wr. III,9. npHHUHnHaabHaíi cxeMa HH^yxuHOHHoro peae 
HanpaBjíeHHH moiuhocth c ahckom. 

rioaTOMy HajiHqne caMoxoja b pejie HanpaBjíeHHH b 
oómeM cayq e hbjihctch HeuonycTHMbiM. 

TpeóoBaHne x óbiCTpOTe jeHCTBHH pejie HanpaBjíeHHH 
moiuhocth npejn>HBjiHeTCH ocoóchho b cxeMax 3aiu«T, ueň- 
CTByxjiuHx 6e3 BMuepncxH BpeMeHH (cm. mme npHMepbi bw- 

nOJIHeHHH CXfcM). 

IIomhmo yxa3aHHbix TpeóoBaHHH, npe^HBjíaeMbix K pe;ie 
HanpaBjíeHHH moiuhocth, ujih pejie MaxcHMajibHOH moiuhocth 
B ecbMa BaacHbíM uonojiHHTejibHUM TpeóoBaHHeM HBJíHeTCH 
3HaqeHHe xoscjJHUneHTa B03BpaTa. Ko9<})HUHeHTOM BoaBpaTa 
k e pejie moiuhocth Ha3HBaeTCH OTHoineHHe mouihocth bo 3- 
Bpaia x moiuhocth TporaHHH perte, t. e. 

t ^p. e 

ke — p - t (III, 4} 

P- m 

k e AOJIHCeH 6bITb no B03M0HCH0CTH 6JIH3XHM X e^HHHUe. 
TpeóoBaHHe sto oó^acHíteTCH ycjiOB hhmh, aHajiomqHbíMii 
npHBeueHHWM b tji. II ujih MaxcHMajibHbix tokobwx pejre. 

8. nPHHUHnbJ flEftCTBHfl PEJIE HAIIPABJ 1 EHH 51 
MOIUHOCTH 

HMeeTca MHoro pa3H0BHAH0CTeň KOHCTpyKUHft 
pe^e HanpaBAeHHH moiuhocth. Oah3ko čo^buiHH- 

CTBO H3 HHX Bbin0J(H6H0 Ha CACAyiOmHX IJpHH- 

unnax: 

1) HHAyKUHOHHOM; 

2) BAeKTpOAHHaMHHeCKOM (co CTaAblO h 6e3. 

CTajin); 

3) HHAyKaHOHHO-SAeKTpOAHHaMHHeCKOM. 

yTBepJKAaTb, HTO KaKOfl-AHĎO H3 9THX npHH- 
UHnoB HMeeT HeocnopHMbie npeHMyiuecTBa no 
cpaBHeHHio c ApyrHMH, npeACTaBAaeTca 3aTpya- 
HHTeAbHbíM. Bce OHH HMeiOŤ 31 CBOH OTHOCHTeAb- 



HHe AOCTOHHCTBa h HeAocraTKH h b npaKTHKe peAe- 
CTpoenHH hm6K)t mapoKoe pacnpoCTpaHeHHe. 

KoHCTpyKTHBHO pe,/ie HanpaBjíeHHH moiuhocth 
acnojiHHioT OAHO(J)a3HbiMH, AByx(J)a3HbiMH h Tpex- 

(j)33HbIMH. 

MHAyK,UHOHHbie pejie HanpaBueHHa moiuhocth. 
HMeioTca ABe ocHOBHbie P33 hobhahocth peae 
HanpaBaeHHH moiuhocth, ocHOBaHHbie Ha HHAyK- 
uhohhom npHHUHne: 

1) HHAyKUHOHHbie peae c ahckom; 

2) HHAyKUHOHHbie pe.ae c ĎapaĎaHOM (uh^hh- 
APom). 

UHAyKUHOHHoe pe^e, noABHucHaa uacrb koto- 
poro BunoaHeHa b bhaě ahck 3, HMeeT BecbMa 

mnpoKoe pacnpocTpaHe- 
Hne. HHAyKUHOHHoe peae, 
noABHHCHaa uacTb koto- 
poro Bbino^HeHa b bhac 
no^oro čapaóaHHHKa hjih 

UH^HHApa, IIpHMeHHIOT 
r^iaBHbíM o6pa30M b cxe- 
Max coBpeMeHHbix „ cuouc- 
Hbix H ĎblCTpOAeňCTByiO- 
IUHX 3aiUHT. 

MHAVKUHOHHOe peAe 

c ahckom. no npHHUHny 
AeňCTBHH HHAyKUHOHHoe 
pejie HanpaBJíeHHH moiu¬ 
hocth C UHCKOM He OT./IH- 
MaeTca ot HHAyKUHOHHoro TOKOBoro pe^e. Pas- 

HHUa 3aKJU04aeTCH T0.7IbK0 BTOM, HTO y TOKOBOTO 
peue HMeeTca oah3 oďmotk3, KOTopaa npnco- 
eAHKaeTca k TpaHCcjiopMaTOpy Toua. y peae 
HanpaB^eHHa moiuhocth HMeioTca ABe oďmotkh, 
OflHa H3 KOTOpbIX npHCOeAHHHeTCH K TpaHCÍJ)Op- 
MaTopy Tona, a Apyraa — k TpaHCťJiopMaTopy 
HaupaMceiina. 

Tokh b 9thx AByx oĎMOTKax co3AaK»T ABa Mar- 
hhthux noToxa, CABHHyTHx no 4>a3e. Ha <J)Hr. 111,9 
noKa3aHa npuHUHnHa^bHaa cxeMa HHAyKUHOHHoro 
peae HanpaB^eHHa moiuhocth. Ha BepxHeM cep- 
neHHHKe HMeeTca oĎMOTKa HanpauceHHa, npnco- 
eaHHaeMaa k TpaHCifcopMaTopy HanpauceHHa, Ha 
HHxcHeM—oÓMOTKa Tona, npHcoeAHHaeMaa k TpaHC- 
<j>opMaTopy Toi<a. 

Ha <J)Hr. III, 10 npHBeueHa BeKTopHaa AHar- 
paMMa Tauoro pe^e. BeKTop HanpauceHHa U p , noA- 
BeaeHHoro k 3aucHMaM oďmotkh HanpauceHHft pe^e, 
H BeKTop TOKa ip B eTO TOKOBOň OĎMOTKe CABH- 
nyTbi Me*Ay coĎoň Ha yroa y p . BeKTop TOica i H b 
oĎMOTKe HanpauceHHa oTCTaeT oř HanpauceHHa U p 
aa HeKOTopbiň yro;i Y/>, sejiHUHHa KOToporo áa- 

BHCHT OT COQTHOUieHHH MeUCAy aKTHBHOft H peaK- 
THBHOS COCTaB^aiOIUHMH COnpOTHBJíeHHH OĎMOTKH 
HanpauceHHa. BeKTOpbi MarHHTHUx noTOKOB h 
<!>«, C03AaBaeMUX • COOTBeTCTBeHHO TOK3MH B TO- 
KOBOft OĎMOTKe H B OĎMOTKe HanpauceHHa, COB- 
nanaioT no <J>a3e c 9thmh tok3mh, ecun noTepH Ha 
rHCTepe3HC h tokh <t>yKo Ha AnarpaMMe He yan- 
TblBaiOTCH. 


npH paCCMOTpeHHH npHHUHna AeftCTBHa HH¬ 
AyKUHOHHoro tokoboto pejie b r^. II ďhuo noKa- 
3aHO, hto BbipaaceHHe a^ih M ep , AeňCTByioiuero 
Ha ahck, HMeer ^ha: 

M ep =k^ A ^BS\n<{^ A , <ř fl ). (III,5) 

nOACTaB^HH BMeCTO $A H COOTBeTCTBeH¬ 

HO h <P„ h 3HaueHHe yrua caBHra <J»a3 H3 

BeKTOpHOň AnarpaMMbi (fwr. III, 10, noayuHM 

JVÍep^^k i sin (Y p cpp), (HI»0) 

W Yp-fc-CC**, *«.)• (111,7) 

B aKTHBHbIX (KOCHHVCHblx) pejie HHAyKUHOH- 
Horo THna conpoTHBueHHe oďmotkh HanpauceHHa 
BUnO^HHeTCH ĎJIH3KHM K HHCTO HHAyKTHBHOMy. 
B t3khx pe^e yro.a oTCTaBaHHH TOKa ot Hanpa- 
JKeHHH Xp B OĎMOTKe HanpHXeHHH ĎJIH30K K 90°. 

HHX C AOCTaTOHHblM npHĎJIHIKeHHeM MOUCHO 
HanacaTb 

sin (í>„,<P m ) = sin (Yp — <pp) = sin (90° — cpp) = 

== cos cpp. (III, 8) 

npeHeĎperaa HacHmeHHeM era-ra cepAenHHKa, 

MOUCHO npHHHTb, HTO BeUHHHHa MarHHTHOTO nOTOKa 
nponopuHOHaubHa C03AaK»meMy ero Tony: 

= k%’Í p H ^ = k§ • Íh' == —2- = k ±• U Pt 

Z H 

rAe z H — no^Hoe conpoTHBvieHHe oďmotkh Hanpa- 
UCeHHH. 

noACTaB^HH noJiyueHHbie 3HaHeHHH MarHHTHbix 
noTOKOB, a TaKuce 3HaaeHHe cimyca yr^a Meucuy 
HHMH B (III, 6), nO^yHHM 

Mep — k x -k 2 -k^U p -ip- COS <P p, (III, 9) 

rAe npoH3BeAeHHe 

Pp = Up-ip-cosu p (111,10) 

npeACTaBaaeT coĎoft aKTHBHyio MouiHOCTb, Ha 
KOTopyio peae pearnpyeT. 

npOH3BeAH HOACTaHOBKy H3 (III, 10) h (III, 9) 
h 0Ď03HaHaH k^k^ki aepe3 k, HMeeM 

M ep = k-Pp. (III, ll) ř 

ynpomeHHaa KnaeMaTHaecKaa cxeMa Tanoro 
pe^e, cepHH HM-142 3aBOAa X3M3, noKa3aHa Ha 
4>nr. III, 11. OcHOBHbie AeTaAH peae h hx B33HM- 
Haa CBa3b bhahh H3 HepTeuca. 

H3 BeKTopHoň AnarpaMMbi cf»Hr. 111,10 h cxeM 
4>Hr. III, 7 h 111,8 bhaho, hto ec.in HMneAaHCHbiň 
yro^ oďmotkh HanpauceHHH pe^e X/> He ĎyAeT 
paBeH 90°, to M ep He ĎyAeT nponopuHOHa^eH 
aKTHBHoň cocTaBuaiomefl P p , t. e. peae He ĎyAeT 
aKTHBHbíM. Ec^h yroA Yp paBCH Hyjuo (Jjht. III, 12, 

TO 

sin ($„, <ř OT ) = sin (Yp — %) = — sin cp p . 
npOH3BeAH nOACTaHOBKH B (III, 6), aH3AOrHH- 
Hue npHBeAeHHbíM Bbiuie, no^yaHM 

Mep=k-u p -ip-sin^p = k‘Pp, (III, 12) 
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<Í>hi\ 111,10. BeKTopHaa 
AHarpaMMa HHjiyKUHOHHo¬ 
ro pejie HanpaBjítíHHH 

MOIUHOCTH C AHCKOM. 



rfle Pp^Up-ip' sin cp p. (III, 13) 

Taxoe peAe AeftcTByeT ot peaKTHBHoft cocTaB- 
Aaiomeň P p h Ha3UBaeTca peaKTHBHbíM (ch- 
h y c h u m). 



<J>hi\ 111,11. CxeMa vCTpoficTBa HHityKUHOHHoro peae Ha- 
npaBJíeHHa moiuhocth c juickom Tana MM-1423aBO.ua X3M3. 

1 — pačonafl CHCTeMa moiuhocth; a — oóMOTKa HanpflxceHHsi; 6 — o6motk 8 
Tona; 2 — yaepHCHBaiomasi CHCTeMa HanpqHceHHH (Hcnojib3yeTCH b hcko- 
TOpwx c;iyqa>ix rj ih ynepHCHBaHHH nonBHHCHofi cncTe\ibj pejie b HopMajibHbix 
yCJIOBHHX B CTpOTO 3a4>HKCHpORaHHOM nOJIOHCeHHH, HanpHMep, C pa30MKHy- 
TbiMB KOHTaKTaMH — cm. rji. III, § 12); 3 — ajiioMHHHeBbiň ahck; 4 — 3y6- 
qaTan nepe^aqa koht3ktob; 5— noABHHtHofi KOHTaKTHbiň ahck; 6—7 — He- 
noABH>KHbie KOHTaKrbi; 8 — BHHTbi peryjinpoBKH koht3ktob; 9— npyiKHHa; 
10 — ycTpoflcTBo rjw peryjiHpoBKH moiuhocth TporaHna; 11 — orpaHHHH- 
TeJib xona AHcna; 12 — nocTosíHHbift MarHirr. 

Ilpn yrjie paBHOM HeKOTOpOMy npOMewy- 
ToiHOMy 3HaneHHio, Meacay 0° h 90°, peAe óyAeT 
HMe.Tb npoMeacyTonHyio xapaKTepHCTHKy. 

ripon3BeAa noACTaHOBKH b (III, 6), aHaAornn- 
Hue npHBeAeHHbíM Bbíme, h HCnoAb3yH (III, 7) h 
(III, 11), noAyuHM ypaBHeHHe aah M ep peAe, HMero- 
mero npoMewyToqHyio xapaKTepHCTHKy: 

(Wap k* iip* tp* sin (^j) = ^ • Ppf (III, 14) 
rae 

Pp = Up-ip • sin (xb — <p P ). (III, 15) 


B TaKOM peAe M ep HMeeT MaKCHMaAbHoe no 
aócoAioTHoň BeAnqHHe 3HaqeHHe npn cpp, paBHOM 
HexoTopoMy npoMeacyTonHOMy 3HaqeHHio Y/><90°. 

B OTAH^He ot (111,14) h (111,15) BbipaxceHKa 
aah M ep h Pp peAe, HMeiomero npoMeacyTOMHyio 
xapaKTepHCTHKy, qacTO AaioTCH He qepe3 Hiwne- 
AaHCHbift yroA oómotkh HanpaxceHHH y p> a 'lepea 
yroA 8, AonoAHHK>iu,Hň ero ao 90° (<|)Hr. III, 13). 



4>hi\ 111,12. BeKTopHan uwarpaMMa HHjiyKUHOHHoro^pejie 
HanpaBJíeHHfl moiuhocth c uhckom, hmcioiuhm CHHycHyio 
xapaKTepHCTHKy. 



riOACTaBAHH 7p — 90°— 8 
B (111,14) .'H (111,15), no- 

AyqHM 

Mep — k • Up'- ip • COS (<P P -f- 

+ í )=k-Pp (III, 16) 

H 

Pp — Up-ip- COS (cpp -f S )- 


111,13. BeKTopHaa B CAeAyHJLUHX rA3B3X 

AiiarpaMMa peae c npo- vrOA, AOHOAHHlomHň y p 
Meacy tohhhm yraoM. ,50 90°, 0Ó03HaqaeTCH 

qepe3 a. 

MHAyKUHOHHoe peAe c 6apa6aHMUKOM. Ch- 

CTeMa, co3AaK>maa M ep , b stom peAe coctoht H3 
CAeAyiomnx ochobhhx qacTeň: 

1) BHeuiHero CTaAbHoro cepAenHHKa, HanpHMep, 
c qeTbipbMa BuCTynaiomHMH noArocaMH (<J)Hr. 111,14). 

2) BHyTpeHHero HHAHHApHaecKoro CTaAbHoro 
cepAeaHHKa, CAyacamero A-aa yMeHbmeHna Mar- 
hhthoto conpoTHBAeHHa; 

3) aAiOMHHHeBoro hah MeAHoro 6apa6aHHHKa 
(UHAHHApa), noMemtHHoro b B03AyuiHbix 3a3opax 
Meacay BHyTpeHHHM cepAeHHHKOM h noAiocaMH 
BHeniHero cepAenHHKa; 

4) OÓMOTOK TOKa H HanpHMCeHHH, paCnOAOJKeH- 
hhx Ha BbicTynaiomHx noArocax BHeuiHero cep- 
AeaHHKa. 

BHeniHHň cepAeaHHK c pacnoA05KenHHMH hj 
ero noAiocax o6motk3mh npeACTaBAaeT coďoS 
CTaTop peAe, a 6apa6aHHHK — ero poTop. 

MarHHTHwe hotokh ot oďmotok Tona h Ha- 
npaHceHHa npoCTpaHCTBeHHO pacnoAoxceHH noa 
yrAOM 90° b cootb6tctbhh c pacnoAoaceHHeM 
BbiCTynaiOHiHX noAiocoB. 


ÍTojioacHTejibHUM HanpaBjíeHHJiM tokob b oÓMOTKax 
TOKa h HanpaweHHfl, noKa33HHbiM na ^nr. III, 14 CTpejiKaMH, 
COOTBBTCTByiOT no.l OJKHTeilbHbie HanpaBJíeHHH IIOTOKOB <1>_4 
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h* $£ b nojnocax cepaeqHHKa. 3 th MarHHTHbie eiotokh, ne- 
peceKan creHKH óapaóaH^HKa, HaBeayT b hhx cooTBeTCT- 
Byjomne 9. m . c. e A h e Bt noa fleficTBHeM kotopwx b deH- 
xax 6apa6aH^HKa B03HHKHyT tokh i A h i& oTCTaiomHe ot e A 
h e& Ha HeKOTopbie yrjibi S A h (<j)Hr. III, 15). 

ynpomeHHaa BeKTOpHan ^narpaMMa Tanoro pejie npn- 
Be^eHa Ha (})Hr. III, 15. 

JIjisi BbiBOAa BwpaHceHHH M ept B03^efiCTByiomero Ha 
6 apa 6 aH*iHK, paccMaTpHBaeTca B3anMO,aeHCTBHe MarHHTHbix 
IIOTOKOB C TOK3MH, UHpKyjIHpyjOIUHMH B CT6HK3X ÓapaÓaH- 

^HKa. AHaJiorHqHo TOMy, KaK sto óbiJio caejiaHO b tji. II, §8 
fljia HH,ayKUHOHňbix MaiccHMajibHbix tokobux pejie, paccMaT- 
pHBaeTCH B3aHMoaeHCTBHe: 

1) noToxa & A c tokom b CTeHKax óapačaHHHKa, o6yc- 
JIOBJíeHHblM nOTOKOM 

2) noTOKa $£ c tokom b creHKax 6apa6aHqHica, oóyc- 

JI0BJ16HHB1M nOTOKOM $ 4 . 



4>ht. 111,14. CxeMa HH^yKUHOH ioro pejie HanpaBJíeeHfl Mom- 
HOCTH C ÓapaÓaHHHKOM. 

CpeflHHH BpamaiOlUHH MOMeHT OT B3aHMO^eHCTBHH i A 
c HanpaBjíeHHbiň npoTHB qacoBOH CTpejiKH, A/ = 

= ^*/ i 4-í> 5 -COS , í ř 3 . 1 

CpejiHHH BpamaiomHiŘ momcht ot B3aHMQ,aeHCTBHH i fí 
c 3% HanpaBjíeHHbifí no qacoBOH CTpejixe, M u = k-i B '$ A X 
X cos %, rae 

Vi = 90° + 0^ - (r p - *p), a - 90° -+■ e B +( lp - <? p ). 

Pe3yjibTHpyiomHH M ep , npHBOflHiuHH óapaóaHqHK b abh- 
xceHHe, paBeH pa3H0CTH Bpamaiomnx momchtob M l — M llt 

npOH3BOflH COOTBeTCTByiOmHe nOflCTaHOBKH H npHHHMafl, 
qio yroa 0 = @^ = ajih jaHHon KOHCTpyKUHH nocToaneH, 
noJiyqHM, KaK h ajih pejie c ahckom, 

M ep = k v u p -i p -sin {-( p — <? p ) = k 2 P p [ (III, 18) 
h MOBíHocTb, Ha KOTOpyio pearHpyeT pe;ie, 

Pp = u p *íp sin (*]fp — ?p)» (III, 19) 

flejiaa noncTanoBKy nim f p anaaoraiHO TOMy, KaK 6 i>ijio 
caeJiaHO npn bubojc (III, 16 ) h (III, 17 ), b OKOHiaTeabHOM 
bhm no.'iy r inM 

Me p * tl p ■ íp • cos (?p ~J- 8 ) == k 2 Pp ( 111 , 20 ) 


H Pp — v p -i p - cos(<pp+S), (111,211? 

SjíeKTpOAHHaMHnecKoe pejie. SAeKTpouHHa- 

MHHeCKHň npHHIIHn OCHOB3H Ha HCn071b30BaHHR 
B3aHMOHefiCTBHfl MarHHTHOTO nOTOKa C TOKOM 
b npoBOAHHKe, nOMemeHHOM b btot Marmmibiíl 
noTOK. III, 17 H^aiocTpHpyeT npHHunn ycT~ 

pOňCTBa AeftCTBHH 97ieKTpOAHHaMHHeCKOft CH- 
CTeMbl.' 


4>Hr. 111,15. 9 ckh 3 HHflyK- 
UHOHHOH CHCTeMbl c 6apa- 
óaHHHKOM c HaHeceHHeM 
HaBeneHHux tokob b ctch- 
Kax 6apa6aH<iHKa. 




<t>Hr. III, 16. BeKTopHaa flwarpaMMa HanyKUHOHHoro pe.ie 
HanpaBaeHHH mouihocth c óapaóaHKHKOM. 

HMeiOTCfl ABe KaTyniKH: HenoABHHCHaa A , k 
noABHHCHaa B. To i a KaTymiíH A C03aaeT Mař- 
HHTHblfl BOTOK . Jlo^OlKHTeAbHbie HanpaB^eHHH 
Ía h Ha BI, 17 noKa3aHbi CTpejiKaMH k 

CBa33Hbi Me*Ay coóofl npaBH?ioM niTonopa. 
B nOTie $ A noMeweHa noABHHCHaa KaTymiía Bi 
noTiojKHTe^bHoe HanpaBjíeHHe ee Tona i B noKa- 
3aH0 CTpeTIKOfi. B yCJlOBHHX, npeACT3B^I6HHHX 
Ha <J)Hr. 111,17, corjiacHO 3aKOHy Bho h CaBapa, 
Ha KaTyuiKy B AeňCTByeT momcht, KOTOpufl CTpe' 
MHTca noBepHyTb ee npoTHB nacoBoá CTpe^iKH. 
Cpe^Hee 3H3HeHHe ch^im F, ^eflcTByiomeň na 
Kaacaoe njieno KaTyuiKH B, 3a ohhh nepHOA ne- 
peMeHHoro TOKa, ecTiH npHHHTb yroA Me*Ay Ha- 
npaBJíeHHHMH 4> A h i B paBHUM 90°, mohcho onpe- 

Ae?iHTb ypaBHeHHeM 

F = k • ■ i B • cos f, (III, 22) 

rae <?’ — yroji CABHra i})a3 MewAy h i B . 

BeAHMHHa M ep , co3AaBaeMoro CH^ioft F h neň- 
CTByiomero Ha KaacAoe njieno KaTyniKH B, paBna 
npoH3BeA6HHio CHTibi F Ha flJiHHy n^ena /, koto- 
paH CBsaaHa c hihphhoS m KaTyniKH cooTHome- 
HHeM: 

l=~Y sin (111,23) 
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CHAbl B3aHMOAeflCTBH3 ^ C TOKOM B TOpUe- 
3blX MaCT8X BHTKOB KaTyiHKH B, T. e. B qaCTHX 
bhtkob, nepneHflHKy^iapHbix k och BpameHna 

KaTyiHKH, HM6IOT npHMO npOTHBOnOJIOHCHbie H3- 

npaB^eHHa h nosTOMy M ep ot hhx paBHbí Hyjiro. 

Toraa noAHbifi M ep , AeňCTByiomHa Ha iioa- 
BHWHyio KaTyoiKy: 

M lp = 2Fl=*2-k j$ A -i B -cos^-sinp^ 

= kj<P A • íb cos <p' sin p, (III, 24) 


ot Tona, t. e. AeňCTBHe peAe npn oTcyTCTBHH 
HanpaaceHHH Ha 3a*HMax KaTyiHKH B. 

Ecah ace AonoJiHHTeAbHbiň M ep 6yAeT HMerb 
HanpaBAeHHe, oópaTHoe k HanpaBAeHHio ochob- 
Horo M ep , to oh 6yAeT BU 3 biBaTb TopMoaceHHe 
AeňcTBHH peAe. BcAeACTBHe aToro Heo6xo- 
^hm 3 h jiJisi AeňcTBHH pe;ie, cooTBeTCTBeHHo yser 

JIHHHTCH. 

Rjin HCKJIIO l ieHIiH nOAOÓHbIX HBJíeHHÍt 9/ieKTpo- 
aHHaMHuecKHe pe^e BbinojiHHioT Tax, htooh b 
H opMaJibHbix yc^oBHHX yro^ Meac^y ochmh KaTy- 
meK $ 6uji paBeH tohho 90° h npn cpaóaTHBa- 




<í>Hr, 111,18. FIpHHUHnHajibHaH cxeMa 4>nr. 111,19. BeKTopHaa ana- 

ajieKTpoAHHaMHqecKoro pejie Hanpa- rpaMMa sjíeKTpojiHHaMHqecKOro 

BJieaHH moiuhocth c KOCHHycHOH pejie HanpaBJíeHHH moiuhocth. 

xapaKTepncTHKofí. 

hhh pe;ie OTKJioHeHne och KaTyniKH B 6bijio He- 
3HaqHTeJIbHbIM. 

, Ha (Jmr. IH, 18 ynpomeHHo noxasaHa ajieKTpHqecKaa 

h KHHeMaTHqecKaa cxeMbi sjíeKTpouHHaMHuecKoro pejie <j)Hp- 
4>ht. 111,17. npHHUHnHajibHan mh S. H. Kax bhuho H3 <j)Hr. III* 18, peae HMeeT KpyrjiHH 
cxeMa 3JieKTpoflHHaMHqecKoň cepaeHHHK c UByMH BbiCTynaioiuHMH nojnocaMH. KpOMe Toro 
CHCTeMbi. ujih yMeHbineHHJi MarHHTHoro conpOTHBJíeHHH B03,nymHoro 

npoMe)KyTKa MOKjjy sthmh nojiiocaMH noMemeH BTOpoň 


MaKCHMa^bHoe 3HaneHHe M ep H3 (III, 24^ no- 
jiyqaeTCH npn coBnaueHHH no (J)a3e BeKTOpOB 
4> a h i Bi t. e. npn <p' = 0° h npn yr^e Meacay 
ochmh KaTymeK, paBHOM 90°, t. e. npn p = 90°. 
ripH 3HaHHTe^bHOM OTKJIOH6HHH nJIOCKOCTH 


CTajibHoň cepaeqHHK UHjiHHJxpHuecKOH (jiopMbi. Ha aBa bm- 
ciynaioiuHx nojiioca BHeniHero cepaeqHHKa HaMaTbiBaeTca 
KaiyuiKa TOKa, cooTBeTCTByioiuaH k3t yuiKe A cj)Hr. III, 17. 

B B03ny iiihhx npoMe>HyTKax MOKay nojiipcaMH BHeui- 
Hero h BHyipeHHero cep^eqHH kob noMemaeica KaTyuiKa 
HanpHHceHHB peae, cooTBeTCTByiomaH Kaiymne B <|>Hr. III, 17. 
3tz KaiyuiKa 7 HBjííieTca houbhíkhoh h jjih óoJibineH qyBCT- 


KaiyniKH B ot och noTOKa <& A b BHTKax 9 toh 
KaTymxH ĎyjxeT HaBOUHTbcn sthm noTOKOM He- 
KOTopan 3. a. c., HanpaBAeHHe KOTOpoň onpene- 
^ineTCH no npaBH^y niTonopa h 3aBHCHT ot toto, 
b xaKyio CTOpoHy OTKjiOHHeTCH n^ocKocTb Ka- 
TyiiiKH no OTHomeHHio k HanpaB^eHHio och Mar¬ 
HHTHoro noTOKa. 3Ta a. c. oóycjiOBHT nonB^e- 
HHe B BHTKHX. K3TymKH B aonOJIHHTeJIbHOrO TOKa 
i B \ coBna^aiomero no 4>a3e c a. a. c. B3aHMO- 
^eňcTBHe i B ' c BU30BeT Ha KaTymne hckoto- 
pwň aono./iHHTejibHbiň M ep , HanpaBjíeHne KOToporo 
MoxceT coBnaaaTb h^h čbiTb oópaTHbíM k Hanpa- 
BJieHHIO OCHOBHOrO M ep B 33BHCHMOCTH OT Ha- 


BHTejibHOCTH pejie BbinojiHHeTCH oqeHb JierKOH. 

OflHH H3 KOHT3KTOB pejie npHKpenJieH K OCHOBaHHK) HJIH 
k oflHoft H3 HenoaBHHCHbix Aeiajieft pejie h HBJíneTCJ! Henoa- 
BH>KHbiM, BTopoíl ^ce 3aKpenjieH Ha hojibhhíhoh CHCTeMe pejie 
H HBJIHeTCH nO^BHHCHblM. ílpH nOBOpOTe nOilBHHCHOH CHCTeMbi 
pejie nOaBHMCHMH KOHTaKT OTXOflHT OT HeiIOABHHCHOrO KOH- 
TaKTa HJIH, HaOÓOpOT, COeflHHfleTCH C HHM H 33MbIKaeT ueilb 
nOCTOHHHOrO TOKa. 

ripH HajIHHHH TOKa Í p B BHTK3X KaTyiHKH A B CTaJIbHOM 
cep^eHHHKe co3^a3TCH noTOK <E> 4 . Ecjih Tenepb k noaBH^c- 
hoh KaTyuiKe B no^BecTH Hanpa&eHHe u p , to b ee bhtk3x 

nOHBHTCH TOK Í H H B 03 HHKHeT M epi BCJIHHHHa KOTOpOTO 

onpeaejineTCH y paBHeHHeM (111,24). yroji caBnra (J)a3 Mencay 
BeKTopaMH <f> A h i H (4)ht. 111,19): ý — y p . 

m d 

Tok b KaTyuiKe Hanpa»eHHH i H = -z ť -=k 2 -u pt we z H — 


npaBJíeHHH i B no othouichhio k HanpaBJíeHHio i B . 

Ecjih HanpaBAeHHe i' B coBnaAaeT c nanpaBAe- 
HHeM i B , to HanpaBAeHHe AonoAHHTeAbHoro M ep , 
B03AeňcTByiomero Ha noABHJKHyio KaTymny B, 
6yAeT coBnaAaTb c HanpaBAeHneM ochobhoto 
M ep H MOHCeT BbI3B3Tb HBAeHHe CaMOXOAa peAe 


nojiHoe conpOTHBjíeHHe uenn KaTy lukk HanpH>KeHHH. 

MarHHTHWfi noTOK corjiacHO npHHHTWM paHee no- 
nymeHHHM nponopuHOHajieH co3iiaiomeMy ero TOKy i pt t. e. 
® A = k^-ip. y roji (i Memay ochmh KaTymeK - KOHcrpyKTHBHo 
BbinojiHHeTCH paBHbíM 90°, t JiejxoBaTe*JibHO, sin ^ = sin 90 c = 1. 
riOACTaBJIHH BCe 3TH BeJIH4HHbI B (111,24), nojiyuHMi 

M ep = k]■ k v k-ťu p -i p -c<is (\ p — <i p ) = k-P p , (III, 25 ) 
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rae* k = kyk%* ' h 

Pp — Up m ip m tos(y p — m tfp). ( 111 , 26 ) 

B oTJinqHe ot HHAyKUHOHHbix peae noayqeHHH ax- 
thbhíjIx peae 9aexTpOAHHaMHqecxoro THna conpoTHBaeHHe 
Z H BbinOJIHHÍOT ÓJIH3KHM K HHCTO aXTHBHOMy. B 9THX yCaO- 
bhhx c AOCTaToqHoft flJiH npaxTHqecxHX uejieít ToqHOCTbio 
moucho npHHHTb *[ p = 0° (III, 12). TorAa ypaBHeHHe (lil, 25) 

6yaeT HM6Tb BHA 

M ep = k-u p -i p -cos y p = k'P p , (III, 27) 

ne 

Ppz=u p -i p -cos <p p . (III, 28) 

Han peaKTHBHoro 9aexTpOAHHaMHqecxoro peae yroa i p 
aoaxceH óbiTb paBeH 90°. 9 to AOCTHraeTCH c noMombio cne- 
UHaabHOíi cxeMbi BKaioqeHHH oÓmotxh HanpnxceHHH peae 



111,20. npHHijHnHaabHaH cxeMa HHAyKUHOHHO-9aexTpo- 
AHHaMHqeCKOro peae HanpaBaeHHH moiuhocth. 

SjíeKTpoflHHaMHqecKHe peae BbinoaHHKvr co CTaabHbíM 
cepaeqHHKOM h 6e3 Hero. Ochobhoh HeAOCTaTox peae co 
CTaabHbíM cepaeqHHKOM 3axaioqaeTCH b tom, hto npH 6oab- 
U 1 HX TOK3X B TOKOBblX OÓMOTXaX peae AOBOHbHO Tpy^HO 
yHHqToxcHTb HBaeHHe caMOxoaa. 

y peae 6e3 CTaabHoro cepAeqHnxa 9TO caeaaTb 3Haqn- 
TeabHO aerqe. OAHaxo npH HannqHH CTaabHoro cepAeqHnxa 
jierqe noayqHTb HHAyKUHK), npn xoTopoň noABHxcHan xa- 
TyuiKa peae oxBaTUBaexcfl HeoóxoAHMbiM MarHHTHWM 
noTOKOM. ílosTOMy aaxce npn oqeHb Maabix pa3Mepax noA- 
bhxchoh KaTyiiiKH M ep noayqaeTCH A©CT3TOqHO óoabiuHM. 

Peae co CTaabHbíM cepAeqHHKOM npn npoqnx paBHbix 
ycaoBHBX MOHceT óbiTb BbinoaHeHO óoaee qyBCTBHTeabHWM. 
BoabuiHHCTBO coBpeMeHHbrx aaeKTpoaHHaMHqecKHX peae Ha¬ 
npaBaeHHH moluhocth BbinoaHHioT co CTaabHbíM cepaeqHH- 

KOM. 

HHAyKUHOHHo-daeKTpoAHHaMHHecKoe peae. IIoaboa 
H anpHxceHHH k hoabhhchoh KaTyuiKe aaeXTpoAHHaMHqecxnx 
peae BU3biBaeT HexoTOpwe KOHCTpyKTHBHbie 3aipyAHeHHH. 
CnHpaabHbie npoBOAHHKH, no kotopwm HanpnaceHHe noA- 
boahtch k noABHHCHOH xaTymxe, BbinoaHHioT oqeHb aerKHMH 
h thókhmh, ho MexaHHqecxoe conpoTHBaeHHe sthx cnnpa- 
jieft Bce xce BW3biBaeT yBeaHqeHHe P pttn n CHHacaeT ówcTpo- 
Ty A6HCTBHH peae. KpOMe Toro MecTO cnaňxH noABOAfliUHX 
npOBOAHHKOB C npOBOAOM CaMOH KaTyiHKH HanpHHCeHHH He 
oóaaAaeT HHorAa AOCTaioqHOH MexaHHqecxon npoqHOCTbio. 

C ueabio, b qacTHOCTH, ydpaHeHHH 9 thx HeAOCTaTKOB 
pa3paó0TaH0 peae HOBoro THna c xopoTxo3aMKHyToň no- 
aBHHCHOfl OÓMOTKOH. TOK B K0p0TK03aMKHyT0Íí OÓMOTXe nO- 
HBaneTCH b pe3yabiaie HHAyxTHBHOH cbh3H 9toh oómotxh 
c Apyroři nenoABHHCHOH oómotkoř, HacaxceHHOH Ha CTaabHoň 
cepaeqHHK. Peae TaKoro THna noayqnao Ha3B3HHe HHAyx- 
UHOHHo-9aeKTpoAHH3MHqecKoro. npHHUHnnaabHaH vnpoiueH- 
H3H cxeMa HHAyKAHOHHO-9aeKTpOAHHaMHqeCKOH CHCTeMbl no- 
Ka3aHa Ha <j>Hr. III, 20. CncTeMa coctoht H3 MarHHTonpoBOAa, 

7 PeaefiHaa 3amHTa 


AByx HenoABHxcHbix o6motok A-A h B-B h oahoS noABhHCHOft 
K0p0TK03aMKHyT0ft OÓMOTKH B„. 

K odMOTKe A-A noABOAHTCH uenb Tona, k oóMOTxe B-B 
uenb HanpnaceHHH. ripn HaanqHH Toxa i p b BHTxax oómotxh 
A-A b noaiocax ee cepAeqHHxa B03HHxaeT noTOX ^4, npo- 
nopuHOHaabHUH i p . 11oa AeňcTBHeM Toxa i H b bhtxbx 06 - 
motxh B-B, b ee cepAeqHnxe Taxace co3AaeTCH noTox 
nponopuHOHaabHbiň i H . 9tot noTox HaBeAeT b BHTxax noa- 
BHXCHOÍ OÓMOTXH B n 9. A* C. € Bt OTCTaiOmyK) nO 4> a 3 e 0T 
<b H Ha yroa 90° h HBaniomyK)CH npHHHHOH Toxa i B b BHT¬ 
xax noABHACHOH oómotxh, OTCTaiomero no (})a3e ot e B Ha 
yroa 0 B . BeaaqHHa yraa & B 33bhcht ot cooTHomeHHH 
Me>KAy 3XTHBHOH H peaXTHBHOH COCTaBaHK)mHMH COnpOTHB- 
aeHHH nOABH>KHOH OÓMOTXH B n . 



4>Hr. 111,21. BexTopHan AHarpaMMa HHAyKUHOHHo-9aexTpo- 
AHHaMnqecxoro peae HanpaBaeHHH mohíhocth. 

Ha 111,21 npeACTaBaeHa ynpomeHHan BexTopHan 

AnarpaMMa HHAyxAHOHHO-9aexTpoAHHaMHqecxoH CHCTeMbi, 
npn nocTpoeHHH xoTopofí noTepHMH Ha rHCTepH3HC h toxh 
4>yxo npeHeóperaan. 

PaccMaTpHBan B3aHMOAeficTBHe Meacay ^ h i B no aHa- 
aornn c 9aexTpoAHHaMHqecxoH chctcmoh ($nr. III, 17) mohc- 
ho HanucaTb BHpaxceHHe ajih 

M ep = k v $ A -t B costp'-slnp, (111,29) 

rae f — yroa moxay ochmh MarHHTHbix noTOKOB HenoABHac- 
hoh oómotxh A-A h noABHHCHOH oómotxh B n > a yroa — 
yroa CABHra <j)a3 Mencay ^ h i B . IKo TeM >xe cooópaxce- 
hhhm, hto h ajih 9aexTpoAHH3MHqecxHX peae, yroa ji npH- 
HHMaeTCH paBHbíM 90°, Tax hto sin p = sin 90° = 1. 

H3 BexTopHoft AHarpaMMbi $Hr. III, 21 HMeeM 

ť — 90° + % + (Tp ~ ?/>)• 

npOH3BeAH cooTBeTCTBylomné noACTaHOBXH b (111,29) 
no aHaaorHH c (111,25) h (111,26), noayqHM 

M ep = k-n p -i p - cos [90° + e B + (7 p ~ tp)\ = k-P p , (III, 30) 
rae 

Pp — u p ’ i p • cos [90° + + Cíp — ?/;)] ■ (III, 31) 

3aMeHfla -' p qepe3 90° — 8 , b oKonqaTejibHOM Bnae no- 
ayqHM 

M ep = k v u p -i p cos (?^ + 8 — ©b) (1H.32) 

H 

Pp = ttp-i p -COS (9p + 5 — ® B ). (111,33) 

9. XAPAKTEPHCTHKH PEJIE HAnPABJIEHHfl 
MOUIHOCTH 

H3 (III, 15) h (III, 26) bhaho, qTo M ep , B03neň- 
CTByrouiHň Ha noflBHacHyio CHCTeMy pe^e, npo- 
nopiiHOHa^eH Pp. 

KaiK^aa H3 BejiHHHH, Bxonawafl b ypaBHeHHe 
moiuhocth, HBjraeTCH nepeMeHHoň. 

JXnn Tóro htoSh 3HaTb, xan 6yneT ce6a bccth 
pe^e npH H3MeHeHHH TOft HHOS Be^HHHHU 

b ranpoKHx npeAe^ax, ctpohtch KpHBbie 33 Bhch- 
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mocth oflHOň Be^iHMHHbí ot Apyroň, npn cpa6a- 
THBaHHH pe^e. TpeTbH BeAHHHHa AAH KaJKAOŘ 
TaKOň KpHBOft fl(VI5KHa ĎbITb nOCTOHHHOÍÍ. TaKHe 
KpHBbie Ha3biBaioTCH xapaKTepHCTHKaMH peAe. 

BpeMflfleftCTBHH pejie 3aBHCHT OT BeAHHHHbl Pp. 
JÍAH BblHBAeHHH 3TOň 33BHCHMOCTH CTpOHTCH 
eme xapaKTepHCTHKa 33bhchmocth bpbmchh cpa- 
6aTbIB3HHH pe^e OT BeAHHHHbl P p HAH ee KpaTHO- 
CTH no OTHOineHHlO K Pp.m- 

BoJibTaMnepHati xapaKTepHCTHKa. npn HeKO- 
Topofl nocTOHHHoů BeAHHHHe yrAa CABHra $a3 
Mexuy tokom h HanpaxceHHeM, noABeAeHHbíM 
k 3aacHMaM peAe corAacHO (111,26), moxcho no- 


TeM, hto nocAe' HacbímeHHH ctbah cepnenHHKa 
B03paCTaHHe Toxa no BeAHHHHe npaKTHHecKH ae 
AaeT yBejiHqeHHH MarHHTHoro noTOKa. 

XapaKTepHCTHKH jHeflCTBHH pejie B 33BHCH- 
mocth ot yrJia CABHra tj>a3. XapaKTepHCTHKa 
aeftCTBHH pe^e B 3aBHCHM0CTH OT BeAHHHHbl yivia 
cflBHra $33 npeflCTaBaaioT co6oň xpHByio 33BH- 
CHMOCTH MHHHMaJlbHOTO HanpHHCeHHH u p . m Ha 3a- 
HCHMax peAe, HeoóxoAUMoro aah ero cpačaTbiBa- 
hhh, ot BeAHHHHbí yrAa CABHra 4)33 MeacAy bthm 
HanpHHceHneM n octohhhhm no BeAHHHHe tokom t p . 
Taxan xpHBaa noKa3HBaeT, npn KaKOM 3Hane- 
hhh yrAa cjiBHra 4*33 aah AaHHoň P pM h bcah- 


Vpm 



CTpOHTb KpHByro 33BHCHMOCTH HanpHHCeHHH, He- 
oďxoahmoto aah cpaóaTbiBaHHH peAe u p . m ot toká. 
TaKaa xpHBasi (4>ht. 111,22) Ha3biBaeTCH BOJibT- 
aMnepHoň xapaKTepncTHKoB. H3 
(111,26) h kphboB 4)hi . 111,22 bhaho, hto Teope- 
THHecKH npn ĎecxoHeHHO óoAbnioM TOKe Hanpn- 
aeHHe aah cpačaTbiBaHHH peAe TpeóyeTCH 6ec- 
KOHeHHG Ma^ioe. STOMy cooTBeTCTBOBajia 6 h 
nyHKTupHaH qaCTb KpHBoň 4>nr. III, 22. OAHaxo 
npaxTHqecKH MHHHMaAbHoe 3HaqeHHe HanpHHCeHHH 
aah KaxcAoro peAe HMeeT HeKOTopyro KOHeHHyio 
BeAHHHHy Up.mmia. 3tO B OCHOBHOM o6T>HCHHeTCH 
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<í>Hr. 111,24. yraoBHe xapaKTepncTHKH peae HanpaBJíemis 

MOIUHOCTH B (fiyHKUIIII COS <f p . 



9(řC 


<! 3 m\ 111,25. yraoBasr 
xapaKTepHCTHKa pe.i2 
HanpaBjíeHHs moiuko- 
cth b nojiapHux ko- 
opAHHaTax. 


HHHbí Toxa peAe HMeeT HanóoAbmyío qyBCTBH- 

TeAbHOCTb. 

B 33BHCHMOCTH OT THna peAe HaHÓOAbHiaH 
qyBCTBHTeAbHOCTb peAe ĎyAeT npn pa3AHHHblX 
3HaqeHHflx yrAa CABHra 4)33. 

Ha 4>hi\ 111,23 npHBeAeHU xapaKTepncTHKH 
a-a, b-b a c-c cooTBeTCTBeHHO aah aKTHBHoro 
(KOCHHycHoro) peAe no (III, 10), peaKTHBHoro 
(CHHyCHoro) peAe no (III, 13) h aah peAe c npo- 
MeHcyTOHHofl xapaKTepnCTHKoň no (III, 17) npn 
3HaqeHHH AonoAHHTeAbHoro yrAa S, paBHOM 45°. 






PÍ3 KpHBblX <j)Hr. III, 23, KaK H H3 npHBe,aeH- 
Hbix Bbiiue cooTHomeHHň, c^eayeT, hto aKTHBHoe 
pejie HMeeT HaHÓOAbuiyio qyBCTBHTeflbHOCTb npn 
0 ^ = 0°, peaKTHBHoe — npn <p p ==90° h pe^e c npo- 
MeacyTOMHořt xapaKTepHCTHKoň ’npH y p — — 45°. 
3aiiiTpnxoBaHHaH aaCTb noKa3biBaeTo6;iacTb Be- 
ahhhh HanpaaceHHň, no^BOAHMUX k 3axcHMaM pe^e,- 
npn KOTopux KOCHHyCHoe pe^e npHxOflHT b nefiCT- 
BHe, .zyia cooTBeTCTByioinHx 3H3HeHHň yivia 
caBiira $a3. 

Ha 4>Hr. 111,24 noKa3aHbi Te xce xpHBbie, hto 
h Ha (J)Hr. 111,23, c Toň AHiub pa3HHueň, hto Ha 
och aéciiHCC oT^oaceHbí He yrabi <f p , a 3 HaaeHHH 
cos<p p . Taxoň cnocoó H3o6paaceHHH xapaKTepH- 
CTHK qaCTO HCIKWIb3yeTCfl b npaKTHKe. 

Te ace KpHBbie MoryT čHTb H3o6pa*eHbi h b noaap- 
hoh CHdeMe KOopflHHaT (<}>Hr. III, 25), rae no OKpywHOdH 
OTK.iajjbiBaiOTCH 3Ha<ieHHa yraa cflBura (jía3 b rpaaycax, a 
no aJiHHe paanycoB OTKjiaabiBaioTCH b onpeaeJieHHOM Mac- 
uiTaóe 3naqeHHfl MHHHMaabHbix HanpaxceHHfi, HeoóxosHMbix 
juia fleftcTBHa peae. 

XapaKTepwcTHKa BpeiweHH neňcTBHa peae Ha- 
npaBJíeHHfl B 3 aBHCHM 0 CTH OT M 01 U.H 0 CTH Ha 3 a- 
a<HMax. CoócTBeHHoe BpeMa .neňcTBHa pe^e 
HanpaBJíeHHH MOHIHOCTH HetlOCTOHHHO H 33BHCHT 
OT Be^IHHHHbl P p . 

3Ty 33BHCHM0CTb HHOrja HeOÓXOflHMO 3HaTb 

;uih npaKTHnecKHx . ue^eň. Jb ia btoto ctpohtch 

KpHB3H 33BHCHM0CTH BpeMCHH AeftCTBHa pejie OT 
BeiiHHHHbí P p npH onpeae^eHHbix nocToaHHbix 
3HaHeHHax yivia CABHra <J)a3, TOKa hah Hanpaace- 
HHH. no OCH OpAHHaT OTKJiaAblBaeTCfl BpeMa 
neňCTBHH pe^e b cenyH^ax hah b nepnoAax ne- 
peMeHHOro Toxa, a no och aócuncc P p hak xpaT- 
HOCTH Pp no OTHOUieHHIO K Pp. m - Taxaa KpHBaa 
noxasana Ha III, 26. 

10. CnOCOBbl H3MEHEHH8 BHyTPEHHErO yiMlA i p 
PEJ1E HAI1PABJIEHH5I MOIUHOCTH 

npH paCCMOTpeHHH npHHUHnOB jeňCTBHH HH- 

ayxuHOHHoro h B^eKTpoAHHaMHHecxoro pejie 6bwo 
n0Ka3aH0 (III, 15) h (III, 26), hto MomHOCTb, Ha 
KOTopyio pearnpyeT pe^ie, 33 bhcht ot BeAHHHHbí 
ynia Meacay BexTopOM HanpaaceHHa u p Ha 3a- 
KHMax oómotkh HanpaxceHHa peae h tokom i H b 
9 T 0 ft CaMOft OÓMOTKe. 

H3 (III, 15) HHflyKUHOHHoro peae cae^yeT, 
hto aah noayaeHHH aKTHBHoro peae (III, 10) He- 
očxoahmo HMeTb yroji f p = 90 o , a fljia noayneHHa 
peae c npOMeacyTOHHoň xapaxTepHCTHXoft (III, 15) 
HeoóxoaHMO HMeTb yroa y p , y^OBaeTBopaiom.HH 
ycaoBHio: 0<y /) < 90°. yMeHbmeHHe yraa o6biq- 
ho AocTHraeTca BKajoneHiieM nocaeAOBaTeabHo 
b uenb oOmotkh HanpaKeHHa aKTHBHoro conpo- 
THBJíeHHH, a Taxace H3MeHeHHěM BeaHHHHbl B03- 
AyiUHblX 3330pOB WeKTpOMarHHTOB. 

J3,jia nojiyqeHHH peaKTHBHoro HHAyxiiHOHHÓro 
pe^e (111,13) HeoĎxoAHMo HMeTb yrwi Y p ==0, t. e. 

IÍOAHOCTbK) CKOMneHCHpOB3Tb HHJiyKTHBHyiO CO- 
CTaBJíaiomyio conpoTHBAeuHa oďmotkh Hanpaace- 
hhh. J .laa 3Toň ueAH b uenb oďmotkh HanpaHceHHa 

7* 


HeOÓXOAHMO BKJHOHHTb eMKOCTb COOTBeTCTByiO* 

meň Be^iHHHHbi. 

H3 (111,26) cjiejiyer, qio jaa no.iyqeniisi s.ieKipoziHna- 
MHqecKoro aKTHBHoro pe.ie (111,28) HeoSxojuuio HMeTb yroa 
'•{p = 0, a aaa nojiyqeima pea kthBH oro pe.ie yro.T y p = 90°. 
TaK Kaic cos (j p — <p p ) = cos (90° — tp p ) = sin <f p ; y p = 90° 
MOMťHO noayqwTb c noMOiiibio H3BecTHOH cxeMbi. TyMMeas 
(<pHr. 111,27). 

rioflóopoM cooTBeTCTByiomHX conpOTHBaeHHií cxeMH 
yroa Meacay tokom b oómotkc nanpq>KeHiin pe;ie i () g h na- 
npa»eHHeM u p , npHJioa<eiiHbiM k 33>khm3m oómotkh Hanpa- 
»ceHH9 peae q>Hr. III, 27 h 111,28, mohcho nojiymiTb pasubíM 
tohho 90°. BeKTopnaa fliiarpaMMa tokob h HanpaiKeHiiii wia 
cxeM (j)nr. III, 27 h III, 28 npHBeaena Ha 4>nr. III, 29. 



<řnr. III, 27. npiiHUHnHa.ibHaa cxeMa TyMMeaa, 




4>Hr. 111,28. npHHUHnHaabHaa <í>Hr. 111,29. BeKropnaa ana- 
cxeMa aaeKTpoannaMHqecKo- rpaMMa saeKTpOAHHaMnae- 

ro peae HaripaBaeHiia moia- CKoro peae HanpaBaeunq 

hocth c CHHycHoft xapaKTe- moiuhocth c CHHycHoft xapaic- 
pHCTHKOH, TepHCTHKOÍl. 
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11. OCHOBHME KOHCTPyKTHBHbIE PA3HOBH.RHOCTH 
PEJIE HAnPABJÍEHHfl MOIUHOCTH 

PeJie HanpaBJíeHHH moihhocth hciioahhiotch b 
BHfle 0AH0$a3Hbix, AByx4ia3Hbrx h Tpex4»a3Hux 
pejie. Rnn Bcex 9 thx bhaob pene npHHUHn AeňCT- 

BH3 OCTaeTCfl H6H3M6HHbIM. Pa3HHHa 3aKAIO- 

qaeica TonbKo b tom, hto b OAHO<j)a3HOM pene 
Ha noABHacHyio CHCTeMy AeňCTByeT M tp , nponop- 
HHOHanbHbift onpeAeneHHOň cocTaBnsnomeň moiu- 
hocth Ha 3a«HMax oAHoň 4>a3bi, a b Aeyx-H 
Tpex<j)a3Hbjx — pe3y^bTHpyiomHa M ep , nponopun- 
OHa^bHwň cyMMe cocTaBnaíomHx moihhocth Ha 
aaacHMax flByx hah Tpex 4>a3. 



4 >iir. 111 , 30 . npHHUHmia.ibiiaii cxeMa Tpex$a3noro s.ieKTpo- 
AHHaMHqeCKoro peae HanpaBaemiH moiuhocth.J 

CyMMHpoBaHHe M ep , nponopHHOHanbHbix onpe- 
AexeHHOfi cocraBnaiomeň moihhocth Ha 3aacHMax 
pa3HbIX 4>B3, MOHeeT ÓbITb HAH MeXSHHHeCKHM HAII 
d^eKTpoMarHHTHbíM. MexaHHqecKoe cyMMnpoBa- 
HHe M ep aocTHraeTCH TeM, »řro noABHHCHbie nacTH 
XByx hjih Tpex, no cymeCTBy coBepmeHHO caMo- 
cToaie^bHbix CHCTeM, co3aaiomHX Mep, 3aKpen- 
jiaioTca Ha oahoíí och. K 3Toň ace oómeň och 
npHKpenaaeTCH noABHHCHbiň koht3kt nenn nocTO- 
aHHoro Tona. Ha <f>Hr. 111,30 noKa3aHa ynpomeH- 
Haa cxeMa Tpexif>a3Horo pene 9neKTpoAHHaMHne- 
cKoro THna. Kax bhaho H3 9Toň (jjHrypu, Bcex 
CHCTeM B03AeňCTByi0T Ha OAHy h Ty ace ocb. 
B 33BHCHMOCTH ot HanpaBneHHH pe3ynbTHpyio- 
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mero M ep , noABHHCHbifi koht3kt noBepHeTca 
BnpaBO HAH BJieBO H COMKHeTCa C COOTBeTCTByiO- 
IHHM HenOABHHCHblM KOHT3KTOM. 

EcnH K nOABHJKHOMy KOHT3KTy nOABeCTH OAHH 
nonioc BcnoMoraTeAbHoro HCTOHHHKa TOKa, to 
K aacAbiň H3 HenoABHHCHbix koht3ktob pene MonceT 

ÓMTb HCn0Ab30B3H RJl H 3aMbIK3HHH OTAenbHOfl 

BcnoMOraTeAbHoň uenH. 1 

Ha <J)Hr. 111,31 noKa3aHa aaeKTpnqeCKaa h KnneMaTH- 
qecKaa cxeMa Tpex({>a3Horo saeKiponnnaMimeCKoro peae 
THna RW-6 (j^HpMu S. H., yripomennaa cxeMa KOToporo 
npHBeaeHa Ha $11 r. 111,30. 9 to peae no cymecTBy 3 aK.n 0 - 
naeT b ce6e TpH cHCTeMU oaHO(j)a3Hbi:c peae ((jmi-, m, 18 
Han <j)nr. 111,28), CBH3aHHux Me*ay coóoii oaHoň oómeří 
ocbio h 3 aK.'noqennbix b ojuih oóinuří Kowyx. 



Tpex4>a3Hbie HHAyKHHOHHbie peAe THna HM-300 
X3M3 TaKHce BbinoAHaroTca c MexaHHnecKHM cyM- 
MHpOB3HHeM Mep, nponopHHOHanbHbix MOIHHOCTH 
Ha 3aacHMax 4>a3. Co3AaromHe M ep HHAyKHHOH- 
Hue CHCTeMbi THna noKa3aHHoň Ha 4»nr. 111,11 
CBa33HbI Me*Ay Co6oň MexaHHHeCKH H 3aKAHjqeHbI 
B OĎIHHH Koacyx. 

JXByx<J)a3Hue pene KOHCTpyKTHBHO OTAHqaiOTCH 
ot Tpex<j>a3Hbix TOJibKo TeM, hto BMecTO Tpex 
MexaHHaecKH cB33aHHbix CHCTeM b peAe HMeiOTCa 
ABe CHCTeMbi, h AeňCTBne peAe onpeAeAaeTca 
pe3yAbTHpyK)IHHM Mep 3THX AByX CHCTeM. 

B peae THna CBP (JmpMbi QEC a b anaaornmoM £My 
no KOHCTpyKIJHH HOBOM TpeX({>a3HOM ĎblCTpOJieHCTByiOineM 

peae X9M3 cyMMnpoBaHne M sp OTaeabHux {j«a 3 ocymecT- 
BaaeTCH He MexaHHnecKH, a aaeKTpOMarnnTno. Peae npn- 
HaaaeacHT k uHnynunoHnoMy Tiiriy s c CapaSanqHKOM. 

MarHHTnaa cncTeMa peae coctoht H3 CTaabHoro cepnen- 
HHka c BOceMbio noaiocaMH ($nr. 111,32). Ha Ka*soM no- 
aioce pacnoaoncena o6motk 3 Tona nan oÓMOTKa Hanpaaíe- 
hhh. CnocoO npHcoeaiiHeHHH očmotok k TpaHC(j)opMaTopaM 
Tona n TpaHC^opMaiopaM HanpíraeHHfl 3aBiicHT ot cxeMu 



BKJiio^eHHH pejie. CTajibHOH cepAenHHK cobmcctho c očmot- 
k 2 mh npeACTaBJíHeT coóoh CTaTop pejje; potop pexe Bunoji- 
H6H b BHiie óapaóaHHHKa ((Jmr. III, 14). 

ílpHHumi AeHCTBHH aHajiornneH onttcamfOMY M* pejie 
$Hr. III, 14, III, 15 h III, 16. 

JXjIK nOHCHeHHfl AeílCTBHH pejie paCCMOTpHM OAHH H 3 
B 03 MOMCHWX CnOCOČOB erO BKJIIOH 6 HHH, nOKa 3 aHHbIH COOT- 

BeTCTBeHHo Ha (|>m\ m, 32, /III, 33, III, 34 (noAKjnoneHHe ue- 
neii Tona), III, 35 (noAKJnonemie nenefí HanpflxceHHH) h BéK- 
TopHOH anarpaMMe $nr. 111,36. KaK bhaho H 3 (f>Hr. 111,32, 
Ha KaacAOM nojiioce CTajibHoro cepAenHHKa ciaiopa pacno- 
jioaceHa očMOTKa TOKa hjih oómotk3 HanpínKeHHH. 

OÓMOTKH TOKa H HanpfDKeHHH pacnoJioxceHH TaK, HTO 
KaHCflblH nOJIKDC C TOKOBOH OČMOTKOH HaXOAHTCH MOKAy ABy- 
MH nOJIIOCaMH C OČMOTKaMH HanpíDKeHHfl H HaočopoT. npH 
onpeaejieHHH M ep c uejibio yripomeHHH moíkho paccMaipH- 


npH no^BeAeHHH tokob h HanpínKemiH k oómotkhm? 
pacnojioJíceHHHM Ha nojiiocax pexe, corxacHO (|>Hr. 111,32 
h BeKTopHoň ^HarpaMMe <J>Hr. III, 36 , hmciotch cjie^yiomne 
coneTamia tokob h HanpíDKeHHH, co 3 AaiomHe M 8 p Ha noA- 
bhhchom sjíeMeHTe pejie. 




Tok 

HanpsDKeHiie 

i A 

Uac — Ucb 

*B 

Uba-Uac 

l C 

Uab — Ucb 



4>nr. 111,32. npHHUHnHa^bHaa cxe- 
Ma pacnojiOHceHHH oómotok Ha no- 
Jiiocax paóoneii chctombi pejie CBP 
(J)HpMbI GEC. 



4>nr. 111,33. CxeMa B3aHMOACHCTBHH 
MeHCAy očMOTKaMH CMexcHbix noxio- 
cob MHoronojiiocHoro pejie. 



BaTb B3aHM0AefiCTBHe MarHHTHbIX nOTOKOB TOJIbKO Tpex 
CMexcHbix npxiocoB, HanpHMep, noxioca / (4>Hr. III, 32) c no* 
jiiocaMH II ji Vlil; noxioca III c noxiocaMH IV n II ví t. a. 
EteaHMOAeHCTBHe MarHHTHoro noTOKa nojiioca I c MarHHT- 
hhmh noTOKaMH nojiiocoB, pacnoaoiKeHHbix noA yrjioM 90° 
(npodpaHCTBeHHbix) (nojuocbi III u VII), AaeT pe3yxbTH- 
pyiOmHH MOMeHT, paBHbIH HyXK), TaK KaK MOMeHTH B33HMO- 
AeHCTBHsi ot noxiocoB III h VII c nojiiocoM / B33HMHO ypaB- 
H0B6UIHB3IOTCft. MOMeHT OT nOJIIOCOB, pacnoxoaceHHbix nOA 
yrjioM 135° (noxiocbi IV u VI), TaK ace KaK h corxacHO ash- 
HblM X3M3, COCTaBAHeT ObOJIO 5% OT MOMeHTa CMOKHblX 
noJiiocoB. 

06o3HaqHM aah o6mero cxynaH tok b oómotkc noxio- 
ca I qepe 3 i j ((jmr. III, 33), HanpflxceHHH, noABOAHMbie k 06 - 
MOTKaM nojuocoB II h Vlil, qepe3 u pll h u p y UI h yrxbi 
CABHra 4>a3 MexcAy i p x h sthmh HanpnxceHHHMH nepe3 <p piI 
h <p vin . B pe3yjibTaTe B3aHMOAeficTBHH MarHHTHoro noTo^a 
ot KaxcAoro KpaHHero noxioca c MarHHTHHM noTOKOM ot 
cpeAHero noxioca co3AaioTCfl Ha noxBHiKHOM sxeMeHTe pe- 
Jie M ep , npoTHBonoJioACHbie no 3HaKy. 

yCXOBHMCH, qTO nOXIOC HanpíDKeHHH II, pacnOJIOHCeHHblH 
no HanpaBJíeHHK) abhjkchhh nacoBOH CTpejiKH ot noxioca 
TOKa, co3AaeT M ep c noxo>KHTexbHbiM 3H3komj noAioc Ha- 
npflHCeHHH Vlil , pacnOJIOACeHHblH npOTHB ABHHCCHHH qaCOBOH 
CTpejiKH ot nojnoca TOKa, C03AaeT M ep c oTpHuarejibHbíM 
3H3K0M. Tol»Aa pe3yAbTHpyiOmHH M ep , B03AeHCTByK>mHH Ha 
nOABHHCHbIH 3A6MCHT peAe, OT B3aHMOA6HCTBHH MaTHHTHWX 
nOTOKOB Bcex Tpex noAKDCOB: 

M ep b k [a p n *i p I*cos (<P P H + S 1X ) — u p vm^p r c °s (fy ym + 
+ S VIIl)] — k ' *p I [ U p II * C0S (^P II + S Il) "" 

“ u p vin ■ cos ( y P vin + ^m)]» 34 ) 

rxe yroji l — AonojiHHTejibHbiH k BHyTpeHHeMy yr^y o6mo- 
tok HanpHxceHHH (4>nr. III, 16). 


<í>Hr. 111,34. ripHHUHnHaAbHaH cxeMa bkjiio- 
neHHH tokobwx oómotok pa6oneň CHCTeMbi 
pe^e CBP (60° cxeMa). 


yroji CABHra 4>a3,a MeacAy tok3mh h cooTBeTCTByiomHMH 
pa3HOCTHMH JIHHCHHblX HanpHHCeHHH Ha 3a>KHMax pejie npH 
cos9 = l nojiynaeTCH npH stom paBHbíM 60°. 

Fl0JIb3yíICb npHHHTblMH npH COCTaBJíeHHH (III, 34) yCJIO- 
bhhmh, mokho HanHcaTb ypaBHeHHB M ep , C03AaBaeMbix B3aw- 
MOAeficTBHeM MeacAy noTOKaMH tokobmx noAiocoB /, III, V 
H Vil H COOTBeTCTBCHHblX CMeACHHX nOAIOCOB HanpHHCeHHfl. 

C ueAbio ynpomeHHH npHMeM ycJioBHH MaKCHMaabHoro 3tía- 
neHHH MOMeHTOB, KorAa cos(<pp + S) a^ih k3hcaoh napM no- 
JIIOCOB paBeH eAHHHUe. npH HaJIHHHH 3THX yCAOBHH ÓyAeM 
HMeTb: 

1) MOMeHT OT B3aHMOAeHCTBHH nOTOKOB nOJIIOCOB III 
H VII , C03AaHHbIX TOKOM ip, C nOTOK3MH nOJIIOCOB IV, II H 

Vlil, VI cooTBeTCTByiomHx HanpjDKeHHH: 


- Mep A = k Va-(UbC — Uba) + AC-- Uab)] = 

— k>ÍA [— VcB— V ba f. U AC+ UbA) = 

= k‘i A (UAC — (111,35) 


2) aHajiorHHHO Me»Ay nojnocaMH /, II h VIII ot TOKa i$ 

H COOTBeTCTByiOmHX HanpHHCeHHHl 

M ep B = k.i B (U BA - U AC ); (III, 36) 


3) Meamy rioiiiocaMH V, VI h IV ot TOKa Iq h cootbct- 
CTByiomnx HanpflxceRHH: 


M e p c— k ' ic (U ab ~ Ubc )• 


CyMMapHbIH MOMeHT OT B3aHMOAeS CTBHfl Bcex nOHIOCOB 


M ep — M ep A + M ep B + M ep C~ k [Ů iPAC ^ Cb) + 

+ (Uba ~ Uac) + *C (Pas — V B cy\ — k‘P s , (III, 37) 
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h MaKCHMajibHoe 3HaqeHHe moiuhocth Ha 3axcHMax pejie, Ha 
KOTopyio oho peanipyeT, npH Tex xce ycaoBHHx: 

P p + *A (fJAC Ucb) + l B (PBA ~“^c) + 

+ *cÍPab-Vbc)' flll,38) 

AHajiH3HpoBaTb /eHCTBHe peae c noMombio (111,37) h 
(III, 38) 3axpyAHHTejibHO. FIoaTOMy b abhhom cayqae BecbMa 
uejiecooópa3HO Hcnojib30BaTb CHMMeTpnqHbie cocTaBanioiuHe. 


npH CHMMeTpHHHOM TpeX(j)a3HOM nOBpOKfleilHH B AHHHH 
HMeiOT MeCTO TOJIbKO TOKH nOJIO)KHTeJIbHOH nocaeAOBaTeab- 
HOCTH, nOSTOMy 

P p — 9mu pl * l pl * cos Opi — 60 ° + s )> ( nl > 40a ) 

r^e [U ol H i pl — COOTBeTCTBeHHO paBHbl nOJIHblM (j)a3HbIM 
3HaqeHHBM HanpHxceHHH h Toxa. 
ílpn ICOpOTKOM 3aMbIKaHHH MOKay AByMH $asaMH B JIH¬ 
HHH HMClOT MeCTO TOKH nOAOHCHTeAbHOH H OTpHUaTeJIbHOH 



4>nr. 111,35. IlpHH- 
UHnnajibHaH cxeMa 

BKJIIOqeHHH OÓMO- 
TOK HanpflXCeHHH 
paóoqeH CHCTeMbi 
peae CBP (60° cxe¬ 
Ma). 



4>nr. 111,36. BeKTOpHaa anarpaMMa aah OAHoro H3 cnocoóoB 
bk JiioqeHHíi pejie CBP <})HpMbi GEC (60° cxeMa). 


P , BbipaHceHHaa qepe3 CHMMeTpnqHbie cocTaBJíínoiUHe, 
aJifl cxeMbi BKJiioqeHHíi peae coraacHo (jmr. 111,32, 111,34 h 
111,35 óyaeT 

Pp = 9 \u p \ • i p i * cos («pi — a + 8) + 

"1" U p2 * *p2 C0S (?2 + a + ^)] > (111,39) 


rae u x h u p 2 — COOTBeTCTBeHHO nojiO)KHTejibHaH h oTpnua- 
TejibHaa cocTaBJíaiomHe 4> a3Horo HanpH>xe- 
hhh Ha 3a»cHMax pejie; 

ipl H i p 2 — COOTBeTCTBeHHO nOAOXCHTeAbHaH H OTpHua- 
TeJibHaa cocTaBJíaiomHe 4 >a 3 Hbix tokob, 
noABejieHHbix k 3a>KHMaM peae; 

— yroa CABHra <j)a3 MOKAy tokom h Hanpn- 
xceHHeM noaoxcHTeabHOH nocaeAOBaTeab- 
hocth; 

<P 2 ~ yroa CABHra (|>a 3 Me*Ay tokom h Hanpa- 
HceHneM OTpnuaTeabHOH nocaeAOBaTeab- 
HOCTH. 



4>nr. 111,37. To xce, hto h (})Hr. III, 36, ho ajih cayqan 3 a- 
MbiKaHHH MeacAy AByMH 4>a3aMH. 

nocaeAOBaTeabHOCTeH. npH stom b MecTe noBpeacAeHHa 
Ui = U 2 , a tokh, npeHeóperaa bahhhhcm TOKa Harpy 3 KH, 
CABiinyTbi no 4> a3 e Ha yroa 180°, t. e. ii =/o,~© 2 = 180°4- 
+ ? í(*Hr. 111,37). 

fleaaa noACTaHOBKy b (111,39), nocae TpHroHOMeTpnqe- 
ckhx npeo6pa30BaHHH noaynaeM, qTO npH kopotkom 3aMbi- 
KaHpH MeacAy AByMH (})a3aMH b MecTe ycTaHOBKH peae 

P p =Y^- 9« pl • ipl COS ( ?1 - 90° + 8). (III, 406) 

12. yflEPMÍHBAK)IU.HE yCTPOÍÍCTBA 

BpeMH cpaóaTbiBaHHH coBpeMeHHbix ÓHCTpoAencTByio- 
mnx 3amHT BecbMa Maao. O.óecneqeHHe npaBHabHoro AeňcT- 
bhh T3KO0 3au;HTbi npeA^HBaner ocoóbie TpeóoBaHHH 
k HcnoaHeHHK) péae. HeceaeKTHBHoe AeňcTBHe 3amHTbi, 
b qacTHocTH, MOHceT npoH30HTH b onpeAeaeHHbix ycaoBHHx 
b pe3yabTaTe HecooTBeTCTBHH BpeMeH cpaóaTbiBaHHH ot- 
AeabHbix peae, bka loqeHHbix b cxeMy 3amHTbi. 

/lan noHCHeHHH CKa3aHHoro Ha <})Hr. 111,38 npHBeAeHa 
ynpomeHHan cxeMa HanpaBaeHHOH 3amHTH BbiKaioqaTeaH I 
ahhhh. KoHTaKTbi opranoB cxeMbi coeAHHeHbí nocaeAOBa- 
TeabHO. 3amHTa MoaceT AeňcTBOBaTb 6e3 buacp>kkh Bpe- 
MeHH (HanpHMep, npH HaanqHH cneuHaabHoft óaoKHpOBKH, 
cm. ra. VI). Ha (^HAepe HMeeTCH CBon aaiuHTa (Ha tipur. 111,38 
He noKa3aHa), KOTopan OTKaioqáeT $HAep npH noBpeacAeHHH 
Ha HeM. • 

HanpaBaeHHan 3amHTa Ha BbixaioqaTeae / aHHHH, co- 
eAHHHiomeH uiHHbí CTaHUHH A h B, He Aoa>KHa OTKaioqaTb 
3 tot BbiKaioqaTeab npH noBpencAeHHH Ha 4>«Aepe, xaK Kax 
MomHOCTb qepe3 BbiKaioqaTeab HanpaBaeHa k niHHaM CTaH- 
Uhh A ot CTaHUHH B. OAHaxo sto 6yAeT oóecneqeHO Toab- 
KO npH ycaOBHH, ecaH AO 33MbIK3HHH K0HT3KT0B M3KCH- 

Maabnoro tokoboto peae h Bce nocaeAyiomee BpeMH koh- 
TaKTbi peae HanpaBaeHHH moiuhocth 6yAyT pa30MKHyTbi. 

Mo>KeT OKa3aTbCH, qTO AO B03HHKHOBeHHH nOBpe)KAeHHJI 
Ha (|)HAepe KOHTaKTbi peae HanpaBaeHHH moiuhocth h3xoah* 
aHCb B 33MKHyTOM COCTOHHHH. FIpH 3TOM, AaH TOTO qTOÓbl 
3aiuHTa He noAeňcTBOBaaa Ha OTKaioqeHHe BbiKaioqaTeaíi 
npn noBpe>KA6HHH Ha (jwnepe, hcoóxoahmo, htočm koht3K* 
tw peae HanpaBaeHHH moiuhocth pa30MKHyancb paHbiue, 
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qeM 3aMKHyTCH KOHTaKTU nycKOBoro MaKCHMajibHoro toko- 
Boro peae. npH nQBpe>KAeHHH b HenocpencTBeHHOH 6 jih3o- 
cth ot ui hh cTaHUHH A P p peae HanpaBJíeHHH moiuhocth 
M oaceT óbiTb BecbMa Majiofi BCJiencTBHe MaJioií BejiHHHHbí 
ociaTOHHoro HanpnxceHHH. FIoaTOMy peae HanpaBJíeHHH moiij- 
HOCTH HJIH BOOÓme He pa30MKHeT CBOHX KOHT3KTOB HJIH CO- 
rJiaCHO KpHBOH $Hr. 111,26 pa30MKHeT C OTHOCHTeJIbHO ÓOJIb- 
iiihm BpeMeHeM, Tax hto KOHTaKTbi MaKCHMaJibHoro toko- 
Boro peae 3aMKHyiCH paiibine, neM pa30MKHyTCH KOHTaKTbi 
peae HanpaBJíeHHH moiuhocth. B pe3yjibTaie b TeneHne He- 
KOTOpOrO BpeMeHH KOHTaKTbl OÓOHX peJie OKancyTCH 33MK- 
HyTblMH H BblKJIIOHaTeJIb / HenpaBHJIbHO OTKJIIOHHTCH. » 


hhh HanpHHceHHH Ha KaTyiuxe M ep ot ynepacnBaiomero 
sjíeKTpoMarHHTa ncněsaeT h pejie neficTByeT tojimco non 
BJIHHHHeM M ep OT 9JieKTpOMarHHTa paÓOHeH CHCTeMbl. 

HanpHHceHne k KaTyímce ynepacHBaiomero sJíeKTpOMar- 
HHTa no^BojiHTCH nepe3~ KOHTaKTbl nycKOBbix pejie. 

B HopMajibHbix ycjiOBHHx yKa3aHHbie KOHTaKTbl nycKO- 
boto pejie 3aMKHyTbi. 9 thm caMbiM 3aMKHyTa uenb Hanpn- 
HCeHHH, H y^epHCHBaiomHH SJíeKTpOMarHHŤ AeHCTByeT. ripH 
B03HHKH0BeHHH noBpe>KfleHHH b CHCTeMe nycKOBoe pejie 
pa3MbiKaeT cboh KOHTaKTbl h 3thm npeKpamaeT neňcTBHe 
y^epHCHBaiomero sjíeKTpoMarHHTa. 

ynepH£HBalomné ycTpoíícTBa óbieaioT Taxxce HeoóxonH- 




4>nr. 111,40. SjíeMeHTapHan cxeMa ceTH c AByxcTopOHHHM nHTaHHeM non- 
CTaHUHH, HMeiomeH MaKCHMajibHyio HanpaBJíeHHyio 3amHTy c HOpMaJibHO 
3aMKHyTWMH KOHTaKTaMH pejie HanpaBJíeHHH mouihocth. 


Oht. 111,39. npHH- 
UHnnajibHaH cxeMa 
BKJiioqeHHH ynep- 
iKHBaiOm^H CHCTe¬ 
Mbl peJie CBP <j*Hp- 
Mbi GEC. 


MM AJIH HeKOTOpbIX CnOCOÓOB BMnOJIHeHHH KOHTaKTHbIX CH- 

CTeM pejie (tji. III, § 13). 

B KanecTBe BTOporo npHMepa BHnoiiHeHHH ynepacHBaio- 
meft CHCTeMbi Ha 4 >hi\ III» 39 npHBeneHa cxeMa ynepHCHBaio- 
meíi CHCTeMbi MHoronojiiocHoro pejie THna CBP aMepHKaH- 
ckoh (j>HpMbi GEC. ynepHCHBaiomaH CHCTeMa BbinoJiHeHa 
b BHne OTuejibHoro ajieMeHTa, 3aKpenjieHiioro Ha oómeií 
och c paóoHHM 9JieMeHTOM. M ep ynepncHBaiomero 9 Jie- 
MeHTa, BKJiioHeHHoro no cxeMe $hi\ III, 39, nponopunoHajieH 
njiomanH TpeyrojibHHKa HanpHHceHHH h mohcct óMTb BMpa- 
HceH ypaBHeHneM 

c, M ep = M yd = CJ AB - U BC • sin (Ú AB , Ú BC j. 


13. OCOEEHHOCTH OCHOBHbIX CnOCOBOB BKJIíO- 
HEHHfl KOHTAKTOB PEJIE B CXEMAX 3ALU,HTbI 


fljiH npe^oTBpameHHH HenpaBHJibHoro achctbhh 3amHTbi 
B CHJiy yKaŠaHHMX npHHHH HeOÓXOAHMO, HTOÓM B HOpMaJIb- 
Hbix ycjiOBHHx, t. e. no MOMeHTa B03HHKH0BeHHH noBpexc- 
neHHH, KOHTaKTbl pejie HanpaBJíeHHH moiuhocth HaxonHjiHCb 
b onpeneJieHHOM nojiOHceHHH. .ZIjih nacTHoro cjiynan paccMOT- 
peHHoro npHMepa KOHTaKTbl pejie aojdkhm HaxonHTbcn b pa- 
30MKHyT0M COCTOHHHH. fljIH BMnOJIHeHHH 9TOTO Tpe60B3HHH 
coBpeMeHHbie pejie HanpaBJíeHHH moiuhocth cHaóacaioTCH 
HHorna cneunajibHMMH ynepxcHBaiomHMH ycTpoft- 
C T B a M H, KOTOpMe B HOpMaJIbHMX yCJIOBHHX ynepacHBaioT 

nonBHHCHyio CHCTeMy pejie b CTporo 3a4>HKCHp0BaHHOM no- 
jioHceHHH. Ujih stoh uejiH Hcnojib3yioT HanpHxceHHe; OTCiona 
9 th ycTpOHCTBa Ha 3 biBaioTCH HHorna TaKHce ynepxcHBaio- 
ii|hmh KaTyuiKaMH HanpHHceHHH. ynepncHBaiomee 
yQTpOHCTBO C03naeT HeKOTOpbIH M ep , B03neHCTByi0mHH Ha 
nonBHHCHyio cncieMy pejie h 3aBHcnmHH ot HanpHnceHHH. 
B pejie HHnyKUHOHHoro THna X9M3 (4>Hr. III, II) ynepncn- 
Baiomee ycTponcTBO npencTaBJíneT coóoh nonojiHHTejibHHň 
)KeJie3HbIH CepneHHHK C K0p0TK03aMKHyTbIM bhtkom. Ha cep- 
nenHHK HaMOTaHa oÓMOTKa HanpHxceHHH. ITpn HajiHHHH Ha- 
npHHceHHH C03naeTCH M epi KOTOpbiH h ynepxcHBaeT ahck 
B JieBOM HJIH B npaBOM KpaHHeM nOJlOHCeHHH B 33BHCHMOCTH 
OT KOHCTpyKTHBHOH pa3HOBHnHOCTH peJie. ÍIpH HCHe3HOBe- 


CymecTByioT nBa ochobhmx npHHUHnnajibHO pa3JiHHHbix 
cnocoěa BKJnoqeHHH KOHTaKTOB pejie: HopMajibHo pa30MKHy- 
Tbie h HopMajibHo 3aMKHyTbie. B nepBOM cjiynae koht3Ktm 
^pejie npH OTcyTCTBHH P p HaxonnTCH oómhho non neiícTBHeM 
npyiKHHM B pa30MKHyT0M COCTOHHHH H 3aMHKaiOTCH TOJIbKO 
npH cpaóaTMBaHHH pejie. 

Bo BTopoM cjiynae, HaoóopoT, koht3ktm pejie npn ot- 
CyTCTBHH Pp HaXOUHTCH nO# neiICTBHeM npyXCHHM B 33MK- 
HyTOM COCTOHHHH H pd3MbIKaiOTCH TOJIbKO npH CpaÓaTbIBa- 
hhh pejie. Jlioóoe pejie npaKTHnecKH mohcct 6biTb Bbinoji- 
HeHO C HOpMaJIbHO pa30MKHyTMMH H C HOpMaJIbHO 33MKHy- 
TMMH KOHT3KT3MH. 

OcHOBHMe HenoCTaTKH CXeMbl C HOpMaJIbHO 33MKHyTbIMH 

KOHT3KT3MH y pene cjienyiomne: 

1. npH MeTaJIJIHHeCKOM KOpOTKOM 33MbIK3HHH B MepT- 
Boň 30He pejie, HanpHMep, Ha (jinnepe 4> Hr - IH»40, b Heno- 
CpenCTBeHHOH ÓJIH30CTH K MeCTy yCT3HOBKH peJie HanpaB¬ 
JíeHHH moiuhocth / h II HanpHHceHHe Ha 3aa<HMax sthx pejie 
óyneT 6 jih3khm K Hyjuo. BcjiencTBHe stoto P p mohcct ona- 
3aTbca MeHbine P p%m * B 9thx ycjiOBHHx pejie / h // He no- 
neHCTByiOT, KOHTaKTbl HX OCTaHyTCH 33MKHyTMMH. npH cpa- 
63TMB3HHH nyCKOBMX TOKOBMX peJie A , nOA B03HeHCTBHeM 
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TOKOB, IIOflTeKaiOmHX K MeCTy nOBpeiKAeHHH, HX KOHT3KTbl 

T3K)Ke 3aMKHyTca. 9 thm caMHM 3aMKHyTca h uenn oómotok 
peae BpeMeHH 3 , 4 u 6, h pejie BpeMeHH KOMnjieKTOB 3a- 
uhhth Ha BbiKJiKmTeJiflx 1, 2 h 3 noAeňcTByioT. Ecjih bh- 
AepacKH BpeMeHH Ha pejie BpeMeHH 3 u 4 MeHbrne BWAepHCKH 
BpeMeHH 3amHTH Ha noBpe>KfleHHqM <j)HAepe (pejie 5 h 6), 
TO JIHHHH A — B H B — C OTKJIJOHaTCH HeceJieKTHBHO Bbi- 
KJiioHaTejiHMH 1 h J?, h noACTaHUHH B co bccmh npncoeAH- 
HeHHbíMH k ee uiHHaM noTpeÓHTejuíMH noTepneT nHTaHHe. 

2. HaaoKHocTb 3aMbiKaHHH KOHTaKTOB (HancaTHe) npn 
óoJibuiHX nocaAKax HanpH>xeHHH MOxceT ówTb AOCTHmyTa 
TOJibKO ycHjieHHeM npoTHBOAeňcTByiomeH npyxcHHbi. FIocaeA- 
nee HexceJiaTejibHO, Tax xax Bbi3UBaeT yBeanneHne P m h 

AAHHU MepTBOfí 30HbI 3aiUHTH. 


HOpMaJIbHO 3aMKHyTbIMH, HO IlOfl AOHCTBHeM ApyrHX MOMeHTOB, 
neM b nepBOM cnocoóe. 

Han yacHtíHHH ocoóeHHocTeS aghctbhh pejie npn bkjiio- 
neHHH KOHTaKTOB ero no TpeTbeMy cnocoóy npHBeAeHM 
(})Hr. 111,42 h 111,43. 

H3 (j>Hr. 111,42, OTHOCHmencH k pejie c HopMajibHO pa- 

30MKHyTbIMH K0HT3KT3MH, BHAHO, HTO npH peJie C y^epHCH- 
BaJOIUHMH yCTpOHCTBaMH H HOpMaJIbHO pa30MKHyTbIMH KOH- 

TaKTaMH Ha noABHXtHyio CHCTeMy peae AeňcTByioT cjie^yio- 
mne MOMeHTbi: 

1) OT npyXCHHM —B CTOpOHy p33MblK3HHH KOHTaKTOB; 

2) ot yAepHCHBaiomeH CHCTeMbi — TaKace b CTOpOHy pa3- 
MWK3HHH KOHTaKTOB,' 



MaabHo pa30MKHyTbiMH koht3KT3mh peae HanpaBaeHHH MOIUHOCTH. 



3. 3aTpyAHHeTca b HeKOTOpbix caynanx npeAOTBpame- 
HHe HenpaBHJibHoii paóoTbi HanpaBJíeHHOH 3amHTbi npn ne- 
peropaHHH npeAOxpaHHTeaeň b Tpex <J>a3ax utenn Hanpaxce- 
hhh (cm. tji. IV, § 16). 

ÓCHOBHWe HeAOCTaTKH CXeMbl C HOpMaJIbHO p330MKHy- 

thmh KOHTaKTaMH y pejie cjie^yiomne: 

1. ílpH MeTajuiHqecKOM kopotkom 3aMbiKaHHH, HanpHMep, 
Ha jihhhh II <j*Hi\ 111,41 b MepTBOH 30He pejie HanpaBJíeHHH 
moiuhocth KOMnjieKTa 3amHTu III, Koraa P p pejie W lu MeHb- 
rne P p%m , oho He noAeHCTByeT. B sthx ycjioBHHx, ecjiH ka 
jihhhhx He HMeeTCH Apyroň 3amHTbi, AeňcTBHe KOTOpoň He 
33BHCHT OT H3JIHHHH H30pH)KeHHH, nOBpe)kAeHHe ÓyACT OT- 
KJiioqaTbCH 3amHTOH, ycTaHOBJíeHHOH Ha nocaeayiomHX 
ynacTKax, t. e. KOMnjieKTaMH 3amHTbi / h II, ycTaHOBJíeHHbi- 
MH Ha JIHHHHX AS H B-C CO CTOpOHH IIOACTtfHUHH A H C. 

B pe3yjibTaTe 9Toro ójiHncaHuian k MeCTy noBpe>KAeHH$[ noA- 
CT3HUHH B ocTaHeTCH 6e£ HanpHHfeHHH h Bce npHCoeAHHeH- 
H«e k ee uiHHaM noTpeÓHTeaH noTepnioT nHTaHHe. 

2. BpeMH AeňcTRHH peae c HopMaJibHo pa30MKHyTWMH 
KOHTaKTaMH npH npOHHX paBHblX yCAOBHHX ÓOAbUie, HeM 
peae c HopMaabHO 33MKHyTbiMH KOHTaKTaMH, Tax Kax Ha pa3- 
MbixaHHe KOHTaKTOB BcerAa TpeóyeTCH MeHbrne BpeMeHH, 
neM Ha 3aMibiKaHHe. 

3. BpeMH AeňcTBHH peae HenocTOHHHo h 33 bhcht ot 
Pp (4>nr. 111,23 ); oho óoabine y peae, 6aH)xe pacnoaoxceH- 
Horo k MecTy noBpeacACHHH. flosTOMy CTyneHb ceaexTHB- 
hoctH 3amHTbi Ať yBeaHHHBaeTcn Ha BpeMH, paBHoe pa3H0CTH 
BpeMeH AeŘCTBHH peae npn óoabiuoH KpaTHocTH P p h npn 
~P p . m (4>»r. 111,26). 

B nocaeAHee BpeMH 6ua npeAaoxceH TpeTHit cnoco6 
BKaioHeHHH KOHTaKTOB [JI. 1], b 3HaHHTeabHOH Mepe ydpa- 
HHiomHH HeAocTaTKH AByx nepBbix cnocoóoB, oAHaxo He- 
CKOAbKO yCaO)KHHK)mHH BWnoaHeHHe exeM 3aiUHTU. Oh B03- 
MOHCeH, OAH3KO, TOabKO A3H peae, KOTOpblé CHaÓHCeHbl 
yAep»HBaiomHMH ycTpoňcTBaMH. 

npH TpeTbeM cnocoóe BKaionaeTCH peae c KOHTaKTaMH 
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ct>Hr. 111 , 42 . 3ckh3 B 3 aHMOAeficTBHH BpamaiomHx momchtob, 
B03A©HCTByiomHX Ha ahck, npH nepBOM cnocoóe BKaroneHHH 
KOHTaKTOB H HaaHHHH yA6p)KHBaK)IH;eH CHCTeMbi. 



HHH KOHTaKTOB. 



3) ot paóoueH chctcmu — b 3aBHCHMocm ot HanpaBJíe¬ 
HHH moiuhocth: 

а) npn HanpaBJíeHHH mouihocth ot hihh b jihhhio— 

B CTOpOHy 3aMblKaHHJI KOHTaKTOB; 

б) npH HanpaajieHHH mouihocth h3 jihhhh k uiHHaM — 
B CTOpOHy pa3MbIKaHHH KOHTaKTOB. 

IlpH bkjuohchhh KOHTaKTOB pejie no TpeTbeMy cnocoóy 
(4)wr. 111,43) Ha ntfjiBHHCHyio CHCTeMy peae aencTByioT CJie- 
ayioiiiHe MOMeHTbi: 

1) ot yuepacHBaiomeH npyncHHbí— Tannce b CTOpOHy 
pa3MbIK3HHH KOHTaKTOB,* 

2 ) ot yaepiKHBaiomeH chctcmh — b CTOpOHy 3 aMUKaHHH 
KOHTaKTOB; 

3) ot paóoHeH cnCTOMbi — b 3aBHCHMOCTH ot HanpaBJíe¬ 
HHH moiuhocth: 

а) npH HanpaBJíeHHH moiuhocth ot hihh b jihhhio — 
B CTOpOHy 3aMbIKaHHH KOHTaKTOB; 

б ) npH HanpaBJíeHHH mouihocth H3 jihhhh k uiHHaM — 
B CTOpOHy pa3MblKaHHH KOHTaKTOB. 

B 3 tom cjiynae: 

1) npn noBpeHCHeHHH b MepTBOH 30He pejie, bhc npeae- 
jiob 3amHiuaeMOH jihhhh, Koma MOiuHocTb noBpeHgieHHH Ha- 
npaBJíeHa k uiHHdM noacTaHUHH, HenpaBHJibHoro ughctbhh 
3amHTbi He npoH30H.ueT, TaK KaK pejie pa30MKHeT cboh koh- 
T3KTbi noH AeňcTBHeM npyncHHbí; 

2) npn noBpeaczieHHH Ha jihhhh — coócTBeHHoe BpeMH 
HeficTBHH peae paBHo Hyjiio, TaK KaK KOHTaKTH yace 3aM- 
kh^tw; 

3) BpeMH jieHCTBHH peae npaKTHuecKH Maao 33 bhcht 
ot P p9 TaK KaK oho aencTByeT Ha pá3MbiKaHne KOHTaKTOB. 


14. CXEMbl BKJIIOHEHHfl PEJ1E HAÍlPABJlEHHfl 
MOIUHOCTH 

yc^OBHA ajih AeňcTBHH h TpeĎOBaHHn, npe,m>- 
ABaneMbie k cxeMaM BKJHoieima peae. 

K peae HanpaBJíeHHH moiuhocth He npejrbHB- 
JIHeTCH Tpe6oB3HHH npaBHJIbHO 33MepHTb BejIHHHHy 
moiuhocth, nepeAaBaeMofl no AaHHofl 4>a3e hjih ch- 
cTeMe Tpex 4> a3 - PeJie aoahchu TOjibKo npaBHJIbHO 
onpeuejiHTb HanpaBJíeHHe 9T0fl mouihocth, htočm 
MOUCHO ÓbIJIO <J)HKCHpOB3Tb MeCTO UOBpeaAOHHH 
no OTHoineHHio k MecTy ycTaHOBKH pejie. 

B COOTBeTCTBHH C 9THM CXCMa BKJIIOHeHHH 
pejie HanpaBJíeHHH moiuhocth AOJiaHa npH noBpea- 
achhh b CHCTeMe oóecneuHTb noAany MaKCHMajibHo 
B 03 MoacHoň MomHocTH Ha 3aucHMM pejie, npHneM 
Tau, HTOóbi pejie npaBHJIbHO onpeuejiHJio HanpaBJíe- 
HHe npoTeKaHHH moiuhocth uoBpeaueHHH npn 
Bcex B03M0HCHbIX BHA3X nOBpeaueHHň, Ha KOTOpbie 
oho pearnpyeT. 

H3BeCTH0, HTO npH MeTaJIAHHeCKOM KOPOTKOM 
3aMbiK3HHH, HanpHMep, Meauy 4 5333110 B-C, Hanpn- 
HceHHe Meauy 9 thmh cpa3aMH Ubc b MecTe noBpea- 
AeHHH paBHo Hyjno. Ecjih no9TOMy nouaTb Ubc Ha 
3aaHMM pejie, to oho MoaeT He noueficTBOBaTb. 
,Hjih toto hto6u oóecneuHTb HaueaHoe ueňcTBHe 
pejie npn abhhom Buue noBpeaneHHH, HeoóxouHMo 
nouaBaTb Ha ero 3aaHMbi h e* Ubc, a KaKoe-TO 
upyroe HanpaaeHHe, He paBHoe Hyjuo b 9thx 
yCJIOBHHX. 

C 9Toft uejibio 3aaHMH pejie HanpaBJíeHHH 
MOIUHOCTH, KaK npaBHJIO, npHCOeUHHHKIT K H3Me- 
pHTeJibHbíM TpaHC(|)opMaTopaM TOKa h HanpHaeHHH 
pa3H0HMeHHHx 4>a3. 3 thm MoaHo oóecnenHTb 
npH Bcex BHuax noBpeaueHHň, KpoMe chmmctphh- 


hux Tpex4)a3HHX, nHTaHHe oómotok pejie T0K0M 
noBpeaueHHofl 4>a3bi, a jihóo HanpnaeHHeM Heno* 
BpeaueHHbix <J> a3 , jihóo HanpnaeHHeM Meauy.no- 
BpeaueHHoň h HenoBpeaneHHOň <J>a3aMH. FIo9TOMy 
npn Bcex BHuax noBpeaueHHft, KpoMe chmmctphu- 
hhx Tpex4>a3HHx, MoaHo oóecneuHTb M Bp , He 
paBHbiň Hyjiio, 

Ha 4>Hr. III, 44 noKa3aHa BeKTopHan unarpaMMa 
tokob h HanpHaeHHň CHMMeTpHUHOň Tpex$a3H0ň 
CHCTeMH AJIH yCJIOBHO npHHHTOTO COS cp — 1. H3 
BeKTopHoň unarpaMMbi bhaho, hto b HopMajibHbix 

yCJIOBHHX B CHMMeTpHHHOá TpeX(J)a3HOá CHCTeMe 
HMeioTCH: Tpn paBHbix no BejiHHHHe TOKa, Tpa 
$a3Hux h Tpn jiHHeňHux HanpHaeHHH. BeKTopbi ř 


<í>Hr. 111,44. BeK- 
TopHasi AHarpaMMa 
tokob h Hanpaace- 
HHH CHMMeTpHHHOH 
Tpex4>a3HOH CHCTe- 
Mbl npH K09(})HUHeH- 
Te mouihocth, paa- 
HOM eAHHHIie. 





H3o6paaaioiuHe 9th tokh h HanpnaeHHH, HMerov,. 
OAHaKo, pasJíHHHoe HanpaBJíeHHe. ynnTHBaH, hto 1 
BeKTop Kaauoro H3 HanpHaeHHfl MoaeT ÓMTb 
noBepHyT Ha yroJi 180°, ajih Kaauoro BeKTopa 
TOKa HMeeTCH B03M0aH0CTb HOJiyHHTb ABeHaAUáTb 
pa3JiH4Hbix coueTaHHft c BeKTopaMH HanpHaeHHň,, 
nouBOAHMbix k 3aaHMaM pejie. OuHaKO B03Moa- 
HOCTH uejieCOOÓpa3HOrO HCn0JIb30B3HHH pa3JIHtI- 
Hbix coneTaHHň tokob h HanpHaeHHň ajih bkjiio- 
qeHHH pejie HanpaBJíeHHH moiuhocth BecbMa orpa- 
HHneHbi. OcHOBHbie H3 hhx pa3oópaHbi HHae. 

HeňcTBHe pejie b 33bhchmocth ot cnocoóa 
npHcoeuHHeHHH ero 3aaHMOB k TpaHctJiopMaTO- 
paM TOKa h HanpnaeHHH. H3 BbipaaeHiifl jxjik 
mouihocth, Ha KOTOpyio pejie pearnpyeT, Hanpii- 
Mep(III, 10), cjieuyeT, hto M ep npn npoHnx paBHbix 
yCJIOBHHX MoaeT ÓUTb nOJIOaHTejIbHblM HJIH OTpH- 
UaTejIbHHM, B 33BHCHMOCTH OT BeJIHHHHbl yrJia 

cuBHra 4>a3 Meauy tokom h HanpnaeHHeM, non- 
BOAHMbiM k ero 3aanMaM. 

Kaanoe pejie HanpaBJíeHHH moiuhocth oóbihho 
HMeeT ycjioBHyio oTMeneHHyio nojinpHOCTb cbohx 
oÓmotok, t. e. ycjioBHue Hanajia h kohum 
(4)Hr. III, 45). 

HauajioM oóo3HaHaioTCH Te kohuh oómotok 
pejie, npH npHcoeuiiHeHHii k kotophm ycJiOBHoro- 
Hanajia btophhhhx oómotok TpaHC^opMaTopos 
Tona h HanpnaeHHH 3HaK Bpamaiomero MOMeHTa 
pejie cooTBeTCTByeT 3HaKy gjieKTpHuecKofl moiu¬ 
hocth, npoTeKaiomeň no nepBHHHofl uenn. no- 
9TOMy npaBHJibHoe ueflCTBHe pejie noMHMo upy- 
THX npHMHH 33BHCHT OT TOTO, K K3KHM 3aaHMaM 
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4 >Hr. 111,45. ycaoBHoe 060 - 
3HaqeHHe noaapHOCiH o 6 mo- 
tok peae HanpaBJíeiiHa moiu- 
hocth. 


4>Hr. 111,46. CxeMa BKaioHe* 
hhh peae nnn abhctbhh tipu 
nojiowHTejibHOM 3HaKe moiu- 

HOCTH. 


4>«r. 111,47. CxeMa BK.noqenHS peae 
«aa fleflcTBHH peae npn oipnua- 
TeabHOM 3Haxe mouihocth. 


óyayT noflBeAeHbí HanpaaceHHe h tok, HMeioume 
onpeaeaeHHoe ycaoBHoe noaoxcHTeabHoe HanpaB- 
aemie. 

JlonycTHM, hto ycaoBHoe Hanaao tokoboA 06- 
motkh peae, HMeiomero HopMaabHo pa30MKHyTbie 
KQHTaKTbi (4mr. III, 46), npHCoeaHHeHO k Hanaay 
OĎMOTKH TpaHC(J)OpMaTOpa TOKa. K OĎMOTKe Ha- 
npaaieHHH noaBeaeHO aHHeAHoe HanpaaceHHe U A c, 
upHweM TaK, hto Hanaao oďmotkh npacoeaHHeHO 
k A TpaHC(J)opMaTopa HanpHaceHHH. npn Hop- 
MaJIbHOň CHMMeTpHHHOň CHCTeMe TOKOB H Hanpa- 
KeHHfl h yoioBHO npHHHTOM cos'f=l yroa cjxBHra 
4>a3 <?p MOKiiy tokom h HanpameHHeM Ha 3aacHMax 
peae ajih noao*HTeabHO HanpaBaeHHoro népBHH- 
Horo TOKa 6yaeT paBeH 30° (<J)Hr. III, 48). M ep peae, 
HMeiomero KocHHycHyio xapáKTepHCTflKy, b coot- 
BeTCTBHH c (III, 10) 6yaeT noaoxcHTeabHbíM h peae 

6yaeT CTpeMHTbCH 3aMKHýTb CBOH KOHT3KTbI. 

Ecan xce Hanaao oďmotkh HanpameHHH peae 
npucoeaHHeHO k 3aacHMy <f>a3bi C TpaHC<J>opMaTopa 
HanpHXceHHH, KaK noKa3aHO Ha (Jiht. III, 47, to 
yroa coraacHO BeKTOpHoA anarpaMMe <|)Hr. III, 48 
oKaaceTCH paBHUM 150° h M ep 6yaeT HMeTb OTpn- 
uareabHbťň 3 HaK. Peae b bthx ycaoBHHx CTpe- 


MHTCH aepHCaTb CBOH KOHTaKTbl p 330 MKHyTbIMH. 

Toace caMoe npoHcxoaHT, ecaH bmccto 06 - 
motkh HanpameHHH MeHHTb MecTaMH npHCoeaHHe- 
HHH 33 JKHMOB OĎMOTKH TOKa peae K 3a2KHMaM 
o6motkh TpaHC<i>opMaTopa TOKa. FIoaTOMy ycao- 
bhh npHCoeaHHeHHH peae HanpaBaeHHH mohíhocth 
a,oa»Hu ĎMTb CTporo coóaioAeHbi. 

15. THIIOBblE CXEMbl BKJIlOHEHHfl PEJ1E HAIIPABJIE- 
HHÍ1 MOIU.HOCTH 

HaHĎoaee nacTO npHMeHaeMbiMH cxeMaMH bkaio- 
hchhh peae HanpaBaeHHH moiiíhocth HBaaioTCH: 
1) TpHauaTHrpaaycHaH, 2) aeBHHocTorpaaycHaH h 
3) mecTHAecHTHrpaaycHaa cxeMbi. 

HaHMeHOBaHHH CXeM COOTBeTCTByiOT BeaHHH- 
HaM yraa caBHra <|>a3 Memay tokom h HanpHHteHHeM, 
noaBoaHMbiM k 3a>KHMaM peae, aaa HopMaabHbix 
ycaoBHň b CHCTeMe npn ycaoBHo npHHHTOM 
cos<p=l. 

ConeTaHHH tokob h HanpHaceHHň, noaBoaHMbix 
k 3aiKHMaM peae, aan yKa3aHHbix cxeM BKaioneHKa 
peae npHBe^eHbí b TaĎamie. 

Bo Bcex v BbimeyKa3aHHbix cxeMax BKaioneHHH 
peae npn HopMaabBux ycaoBHax b CHCTeMe Ha- 


CoMetaHnn tokob h HaiipsnKeHHfl fljin pa 3 Jir.qHbix cxeM BKaKweHHH peae HanpaBaeHHH moiuhocth 


CxeMa 30°; jiHHeflHbie HanpsíHceHHH 

H 4 ) 33 Hhie TOKU 

CxeMa 90°; JiHHefiHue HanpHHceHHH 

h (}:a 3 Hbie tokh 

CxeMa 60°; .iHHeSHbie HanpaxceHHa h pa 3 HOcTb tokob A«yx 

(J)a 3 

Tok 

HanpaxíeHHe 

Tok 

HanpHJKeHíie 

Tok 

HanpsíHíeHHe 

ÍA 

U A c 


Ubc 

Ub = l A l B 

Uac 

l B 

u BA 


UCA 

čbc = h — ic 

U B a 

l Q 

U C B 

l C 

Uac 

ÍCA = l C — U 

UCB 
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npHHCeHHH, nOABOAHMhie K 335KHM3M pe^e, OTCTaiOT 
OT TOKOB, nOABOAHMblX COOTBeTCTBeHHO K TeM 
Ke pe^e2 

TaKoe ccmeTaHHe tokob n HanpaaceHHň o6i>ac- 
HaeTCH TeM, hto b čoAbuniHCTBe CAyqaeB npn 
noBpeKAeHHHX b cncTeMe tok noBpeacAeHHH Bcer¬ 
Aa OTCTaeT no (J)a3e ot HanpajKeHHH. HcKAroqeHHe 


16. PA3JIHMHbIE 3HAMEHHH yrJIA CflBHrA 4>A3 H 
BJlHflUHE HX HA PABOTy PEJIE HAnPABJIEHHfl 
MOIH.HOCTH 

JIas nocTpoeHna BeKTopHtix A^arpaMM tokob 
h Hanpa2KeHHftnaHaAH3a noBeAeHHHpeAe nanpaB- 
jieHHH moiuhocth npn pa3AHHHbix cxeMax bkak>- 
neHHa HeoĎxoAUMO raeTb aCHoe npeACTaBAeHne 
o aeTbipex pa3AHHHHx 3HaaeHnax yr^a CABHra 



(J>a3 MeacAy tokom h HanpaaceHHeM, ot KOTopux 
33BHCHT AeňCTBne pe./ie. 9thmh yiviaMH hbahiot- 
ca cAeAyromne: 

1) yroji cABnra $a3 fp MeacAy tokom b o6mot- 
Ke HanpaacerfHa h HanpjfaceHHeM, npHaoaceHHbíM k 
3aacHMaM 9Tofi oďmotkh, hah yroA 5,- aBJíaiomHŘ- 
ca AonoAHHTeAbHbíM k yiviy XpA° 90°; 

2) yroA CABHra <J»a3 <p p MeacAy i P h u p Ha 
3aacHMax peae; 



<í>Hr. 111,48. BeKTOpHaa AHarpaMMa í>Hr. 111,49. BeKropnaa nnarpaMMa to- <J>«r. 111,50. BeKTOpHaa anarpaMMa TOKa h Há- 

TOKa h HanpaaceHHa, noaBOflHMbix Ka h HanpaaceHHÍi c yica3aHHeM pa3- npaaceHna, noflBOAHMHx k 3a*HMaM peae, npn 

k 3 a>KHMaM pejie sán AeiícTBHa npn jihhhhx SHaaeiiHH yraa CflBnra 4>a3. h3mbh6hhh yraa CflBnra <fca3 o 3 ot 0° ao 90° 

noaowHTeJibHOM h npn OTpHuaTeab- 
iiom SHaxax moiuhocth. 


npeACTaBjíaeT eMKOCTHbiň tok 3aMbiKaHHa Ha 3eM- 
nio b ceTax c H30AHpoBaňHoň HyaeBoň tohkoíí. 
OAHaKo eMKocTHbiň tok rjisi AeficTBHa HanpaBaeH- 
HOň 3amHTH B 9THX CeTHX, KaK npaBHAO, He 
Hcnoab3yeTca. B ceTax c iviyxo 3a3eMaeHHoň 
Hy^eBoň TOHKOň cocTaBAHiomaa cmkocthoto TOKa 
HHHToacHO Maaa no cpaBHeHHio c noAHbíM tokom 
3aMbiKaHHa Ha 3eMAio h noaTOMy msi npaKTHae- 
ckhx ne^eS He HMeeT 3HaaeHHa. 

TaKHM o6pa30M npHHHMaeTca, mto b ycAOBHíix 
noBpea^AeHHH BeKTop TOKa noBpeacAeHHoň cj)a3bi, 
KaK npaBHJio, OTKAOHaeTca b CTopoHy OTCTaBaHHa 
ot BeKTopa HanpaiKeHHa cooTBeTCTByiomeň <|)a3bi 
CHCTeMbi h npHĎAHHcaeTca k BeKTopy HanpaaceHHa, 
noABOAHMoro k 3aKHMaM pe^ie. 

3THM C03Aai0TCH yCAOBHH, npn KOTopux: 
1) KOCHHyc yr^a CABHra 4>a3 Ha 3akHMax peAe npn 
noBpeKAeHnax b ceTH HMeeT BcerAa noAOKHTeAb- 
Hbiň 3HaK h 2) BeAHHHHa 9Toro yrAa CABHra (J)a3 
Ha 3aKHMax pe^e no^ynaeTca BcerAa MeHbrne 
Toft, KOTopaa noAyqHAacb 6bi npn noABeAeHHH k 
pe^e HanpaKeHHH, He oTCTaiomero ot, TOKa, a 
cÓBnaAaioinero hah onepeacaioinero tok. yMenb- 
meHHe~yrAa CABHra <|)a3 Ha 3aacHMax peAe, HMeio- 
iuhx KocHHycHyro xapaKTepHCTHKy, yBeAHHHBaeT 
M ep , neM noBUuiaeT HaAeacHocTb ero AeňcTBHa, 
b ocoSeHHocTH npn Tpex(J)a3HUx noBpeacAeHHHx. 


3) HMneAaHCHbifl yroA CHCTeMbi cp f ; 

4) HMneAaHCHbiň yroA cp 3 hah ynacTKa ceTH 
ot MecTa ycTaHOBKH pe^e ao MecTa noBpeacAeHHa 
(cm. rji. I). , 

Ha 4>nr. III, 49 noKa3aHH yrAbi <? c , Ýa h <f p 
rjih nacTHoro cAyaaa OAHO(J)a3Horo 3 aMUKaHHa Ha 
3eMAK) 4>a3bi A npn npncoeAHHeHHH pe^e no 30° 
cxeMe. BeAHHHHa yr^a y p npn pa3AHHHbix BHAax 
noBpeacAeHHa b ceTH 33 bhcht ot yrAOB <p f h <p 3 , 
npnaeM oTHOCHTe^bHaa CTeneHb bahhhhh H3MeHe- 
hhh BejiHHHHbí 9THX yrAOB Ha BeAHHHHy yr^a cp p 

pa3AHHHa A^IH pa3J!HHHblX BHAOB nOBpeKAeHHH B 
cern h pa3Hbix cxeM BKJiioHeHHa pejie. 

Ha (jmr. 111,50 h 111,51 npHBeaeHbí BeKTopnue ana- 
rpaMMbi TOKa OAHO(|)a3iioro noBpeHcaeHHH (pa3bi A h uanpn- 
>kchhh, noKBOKHMUx k 3a>KHMaM pejie, BK.noqenHwx no Tpna- 
uaTHrpaaycHofi cxeNje. Tokh nenoBpe>K,TeiiHwx (J>a3 B :i C 
ycaoBHO npHHBTM paBHbíMH Hyjno. 

PacCMOTpeHH KpařÍHHe c.iynaH, Koraa <f c ~ 90° h c c ~ 0°. 
Haa HMneaaHcnoro yraa noRpeiKaeimoro yqacTKa t3kik6 
B3flTbi KpaiínHe cayaaH, Korná <p s = 90° h j 3 = 0°. H3 BeK- 
TOpHbix niiarpa.MM bhkho, hto c nsMeHenneM y raoB <p c h c 3 
H3MeH«eTca BeauqHHa nanpaxeHHfl na peae h yroa y p . 
OanaKO BeaniuHa HanpaxceHHa Bce we ocTaeTca óoabinOK h 
yroji 9 p ocTaeTca MeHbuiHM 90°. CnenoBaTe-ibno, P p ocTaeT- 
ca noaoxcHTeabHOH h aocTaTOHHofl no BeaHKHiie «aa neřicr- 
éhh peae. 

B AaAbHeflmeM, npn nocTpoeHHax BeKTopHux 
AnarpaMM tokob h HanpaHceHHň aas npocTOTW 
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paccyacfleHHň AonycnaeTca, hto nepexoAHue co- 
npoTHB/ieHHH b MecTe noBpeacAeHHH OTcyTCTByioT 
h yroA <p 3 coBna^aeT c yrvicm <p f ; noBTOMy yroA 
<f c na BBKTopHUx AHarpaMMax He yKaabiBaeTca. 
Ha oCHOBe 9thx AonymeHHň miace paccMOTpeHbí 
ycjiOBHH aah AeňcTBHa peae npn pa3Hux cxeiaax 
BKJHoneHHfl h pa3AHqHbix BHAax noBpeaKAeHHH b 
ceTH. 



<t>Hr. 111,51. BeKTop- 
Haa AnarpaMMa TOKa 
h HanpaxeHHH, noa- 

BOAHMWX K 3aaCHM3M 

pejie, npH H3MeHeHHH 
yrjia CABwra (J)a3 ot 
0° ao 90". 


HeoóxoflHMO OTMeTHTb, hto 60° cxeMa npeAAO- 
aceHa oAHoň aMepHKaHCKoň (jjnpMoň b nocaeAHee 
BpeMH. B yCAOBHHX 9KCnA0aTaUHH b Coio3e 9Ta 
cxeMa eme noAHocTbio He H3yqeHa. IIpeHMymecTB 
no cpaBHeHHio c 30° h 90° cxeMaMH OHa He HMeeT 
(JI. 2). riOSTOMy HHHCe paCCM3TpHBaK)TCH TOAbKO 
ABe nocAeAHne cxeMbi. 

17. yCJIOBHfl HEftCTBHfl PEJ1E HAFIPABJIEHHfl 
MOI11HOCTH nPH PASJÍHHHbIX BHflAX 
nOBPElKAEHHfl B CETH 

Ha 4>Hr. III, 52 noKa3aHO BKAioqeHHe Tpex 
oAHO$a3Hux peae no 30° h 90° cxeMaM. 

BeKTopbi Tona h HanpaaceHHH OAHoro h toto 
ae peae Ha BeKTopHoň AHarpaMMe OTMeneHH 
cooTBeTCTBeHHo oAHHaKOBbíM KOAHqecTBOM none- 
penHhix nepToneK. 

Jlna HopMaAbHoro peacHMa ycAOBHO npHHHT 
cos <p = l. npH 9 tom yroA cp p no aócOAioTHOň 
BeanqHHe paBeH yrAy BKjnoieHHa peAe a h, 
CAeAOBaTeAbHO, cocTaBAaeT 30° b 30° h 90° b 90° 
cxeMe. 

MecTa noBpeacAeHHň ycAOBHO npHHHMaioTCH 
yAaaeHHHMH ot MecTa ycTaHOBKH peAe. OcTaToq- 
Hbie HanpaaceHna noaTOMy He paBHbí nyaio. 

OcTaTOHHbie HanpHHceHHH nospeacAeHHbix 4>a3 
npH AByx4>a3HOM noBpeacAeHHH BCAeACTBHe oaho- 
pOAHOCTH ceTH (cp 3 = <?,.) npHHHMaíOTCH paBHblMH 
no BeAHHHHe. XlByx<|>a3Hbie noBpeacACHHa paccMa- 
TpHBaiOTca MeacAy <J)a3aMH BnC, OAHO(£>a3Hbie aah 
4>a3u A. 

CHMMeTpHHHbie Tpex4>a3Hbie noBpeaíAeHHH. 

H3 BeKTOpHbIX AHarpaMM BHAHO, qTO AAH CHMMe- 
TpHHHoro v Tpex$a3Horo noBpeacAeHHH 

«Pp(III, 41) 


YroA a MoaceT 6bm> bbcagh b BHpaaceHHe 
P p . HanpHMep, aah KOCHHycHoro peae ypaBHeHHe 
(III, 11) npHMeT TorAa bha 

Pp — Up-i -cos ('P 3 ..—a). (III, 42) 

noACTaBAaa 3HaqeHHe7yrAa a aah paccMaTpH- 
BaeMbix cxeM BKAioqeHHH, cooTBeTCTBeHHo SyAeM 
HMeTb: 

aah 30° cxeMbi 

Pp = Up-ip- cos (cps — 30°); (III, 43) 

aah 90° cxeMbi 

P p = u p -~ i p - cos (<? 3 — 90°). (III, 44) 

noAb3yacb BeKTOpHbíMn AHarpaMMaMH <Jjhi\ III, 52 
Aah Tpex(|)a3Horo CHMMeTpHqHoro noBpeacAeHHH 
H COOTHOmeHHHMH (111,43) H (III, 44), MOXCHQ 
HanncaTb *BbipaaceHHH aah peae, ycTaHOBAeHHoro 
Ha KaacAoň 4>a3e OTAeAbHo; HanpHMep, HaipaseA: 
aah 30° cxeMbi 

P p a = u ac -ía- cos(cp 3 —30°) . (III, 45) 

H AAH 90° exeMM 

PpA = u-bc-Ía • COS (<p 3 —90°). " (III, 46) 

HeoAHHaKOBocTb ycAOBHfi aah AeňcTBHH peAe, 
BKAioqeHHbix no Toň hah Apyroň cxeMe, onpeAe- 
AaeTCfl T3KHM OČpa30M TOAbKO HepaBHofl BeAH- 
qHHOň yraa <p p . 

BeAHqHHa yraa <p 3 aah ahhhH npn 3aMbiK3HHax 
MeacAy 4> a33MH KOAeĎAeTCH b mnpoKHX npeAeAax. 
tn,AH B03AyniHbIX AHHHň 9TOT yrOA npH R„ = 0 
(<p 3 = (p, f ) MoaceT HMeTb 3HaqeHHa b npeAeaax 
OT 20° AO 80°, AAH KaĎeAbHbIX AHHH0 — ďT 10° 
AO 20°. npH 33MbIKaHHHX Ha 3CMAIO 9T0T yrOA 
AeacHT ĎAHace k 90°, qeM npn MeacAy$a3Hux 
3aMbIKaHHHX. 

KpoMe toto npaKTHKa 9KcnAoaTanHH sHepre- 
THqeCKHX CHCTeM nOKa3aAai qTO ĎOAbUIHHCTBO 
nOBpeacAeHHS Ha ahhhhx conpoBoacAaeTca BOAb- 
TOBoft Ayroft. I lyra oĎAaAaeT noqTH ahcto 3Kthb* 
hmm conpOTHBAeHHeM. HaAHqne Ayra BcerAa 
noaTOMy BAHaeT b CTopoHy yMeHbmeHHH bcahah- 
hh yrAa <p 3 no cpaBHeHHio c 'p /f . ri 09 TOMy b 90° 
cxeMe peAe HanpaBAeHHa moihhocth c ahcto 
KOCHHycHoň xapaKTepncTHKoň HenpHMeHHMo. ZIÁa 
9thx ueaeň HcnoAb3yeTca peAe c npoMeaiyTÓqHOft 
xapaKTepncTHKoň. Pe3yAbTHpyiomHň yroA aah 
9Toro peae, BxoAamHft b BbipaaceHHe M ep hah 
nponopuHOHaAbHoň eMy P p , onpeAeAaeTca KaK 

?P+S=<ř s-a + S. (111,47) 

3a nocAeAHee BpeMa mnpoKo npHMeHaeTca 
peae c npoMeacyToqHbíM yrAOM, paBHbiM~45°, 
t. e. 7^=5 = 45°. 

noACTaBAaa 3HaqeHHe yrAOB a = 90° h 5=45° 
b (111,47) h (111,46), noAyqHM BbipaaceHHe P p 
peae, HMetomnx npoMeacyToqHbifl yroA 45° h bkaio- 
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qeHHMX no 90° cxeMe npn CHMMeTpnqHOM Tpex- 
$a3HOM noBpeaciieHHH, HanpnMep 

PvA = Ubc ■ ÍACOS (cp 3 — 45°), (III, 48) 

ilsyx4)a3Hbie h oaH<>4>a3Hbie noBpeiKAeHHti. 

Ilpn £Byx<pa 3 HHX noBpeHc,neHHHx yc/iOBHH padoTú 
pe^ie, BiaioqeHHbix na pa3Hue (J)a3u, pa3/uiqHbi. 
H3 <jmr. III, 52 3aMUKaHHa Mexcny uByMH 
4>a3aMH bhaho, qio HanpaaceHHa, npoBo^HMue 
k 3aacHMaM peae pa3Hbix 4>a3, HeouHHaKOBbi n 
33BHCHT ot cxeMbi BK^noqeHHH^ B 90° cxeMe K 
oďohm peae c tokom noBpe*AéHHbix <J>a3 noABO- 
a»Tca HanpaaceHHH, cooTBeTCTBylomné Hanpaace- 
HHaM Meacny oflHoň noBpeacjneHHoň 4>a3ofi h o &- 



Hoň HenoBpeacAGHHoň (|>a3ofl. BeanqnHa sthx 
HanpaaceHHň npn ^Byx4>a3Hbix noBpeacAeHnax 
Bceraa ocTaeTca jnocTaToqHO óoabmoň, npeBbi- 
niaromeň BejinqnHy HopMaabHoro <|)a3Horo Ha- 
npaaieHHa. Be^mqnHa ace yraa <p 3 npaKTnqecKH 
Bcer,n,a<90 o . nosTOMy P p b sthx yc/iOBHax npn 
90° cxeMe Bcei\aa 6ya,eT HMeTb noaoacHTe./ibHbiň 
3Haic. Caea.oBa're/ibHO, 06 a pe;ie Ha noBpeacjneH- 
Hbix <})a3ax čyjDtyT AeňCTBOBaTb npaBH^ibHO. 

B 30° cxeMe k pe^e c tokom onepexcaioineň 
noBpeacAeHHoň 4)a3bi,TaK ace KaK h b 90° cxeMe, 
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noABOAHTca HanpaaceHne, cooTBeTCTByioinee Ha- 
npaaceHHio Meacay oflHoň noBpeacjneHHoň h oahoh 
H enoBpeacaeHHoň 4> a3aMH - Be^nqHHa 9Toro Ha- 
npaaceHna Bcer^a ocTaeTca AocTaToqHO 6oabuioň. 
CoraacHO BeKTopHoů miarpaMMe <})Hr. III, 52 P p 6 y- 
Aět HMeTb noaoacHTe/ibHbiň 3 hbk. CaeaoBaTeabHO, 
3 to peae Bcerjxa 6yjneT aeňCTBOBaTb npaBn;ibHO. 
K peae c tokom oTCTaiomeň noBpeacaeHHoň 4>a3bi 
noABOAHTca HanpaaceHHe, cooTBeTCTByromee Ha- 
npaaceHHio Meac^y £ByMH npBpeacjneHHHMH 4>a3aMH. 
npH MeTaaanqecKOM kopotkom 3aMbiKaHHH b He- 
nocpejncTBeHHoň 6 jih30Cth k MecTy ycTaHOBKH 
peae HanpaaceHHe Meacjxy noBpeacaeHHbíMH 4>a3a- 
mh MoaceT 6biTb paBHbíM Hyaro. Torna, KaK brziho 
H 3 BeKTopHoň nnarpaMMU 4>nr. 111,52, P„ peae 
c tokom OTCTaiomeň <J>a3bi C paBHa Hyaio, h 
peae He noaeflcTByeT. 

X(eflcTBHe pene c tokom HenoBpeacneHHoň 
4>a3bi He paccMaTpHBaeTca b npennonoHceHHH (aaa 
npocTOTbi), hto tok b HenoBpeacneHHoň 4>a3e 
paBeH Hyaio h, cnenoBaTenbHo, P p — 0. 

npn 0/mOCj)a3HOM 33MbIKaHHH Ha 3eMJIK> B 
oóenx cxeMax P p pene c tokom noBpeacaeHHoň 
<J)a3bi HMeeT noaoacHTeabHbiň 3 HaK. B 90° cxeMe 
HanpaaceHHe Ha peae ocTaeTca paBHbíM nHHeflHOMy 
HanpaaceHHio Meacay HenoBpeacaeHHbíMH <f>a3aMH. 
B 30° cxeMe HanpaaceHHe Ha pene Tanace nocTa- 
tohho Be^iHKo. riosTOMy b oóeax cxeMax pene c 
tokom noBpeacAeHHoň 4>a3bi neňCTByioT npaBHJibHO. 

OflHaKo npn 6ojiee tohhom aHajiH3e xeňcTBHa peae b 
ycJiOBHflx HecHMMeTpHHHux noape>KjieHHH npn onpefleJieHHii 
yrjia <f p h P p HeoóxoflHMO y^HTWBaTb H3MeHenHe yrjia <f p 
3a cieT Ji3MeHeHHH BeKTopHoň anarpaMMbi HanpflaceHHii Ha 
nOBpe>KaeHHbix (j«a3ax. 

B KanecTBe npnMepa Ha 4> H r- III,53 noKa3aHa BeKTOpHaa 
AHarpaMMa TOKa noBpe»CAeHHOH 4>a3H h HanpHHceHHÍi xjih 
oxHO$a3Horo 3aMbiKaHH(i Ha 3eMjiio (pa3bi A. npn H3MeHeHHH 
HanpínKeHHfl (j>a3u A ot HopMajibHoro 3HaqeHH» ao Hyaa 
noaoHceHHe BeKTopa JiHHeftuoro HanpaiKeHHa U^c Ha pejie 
4>a3bi A, BKJiioHeHHoro; HanpHwep, no 30° cxeMe, H3MeHHeT- 
ca He TOJibKO no BeaHHHHe, ho h no ■HanpaBJíeHHio na He- 
KOTopuB yro.i p A . BeJinqHHa yraa mojkct KO.ieóaTbCH 
npHMepHo b npeaejiax ot 0° xo 30°. C H3MeHenHeM yraa p^ 
óyneT H3MeiiaTbCH h yroa Ha 3a>KHMax pejie. Bboxh yro.i p A 
b (111,41), xjih pacCMaTpHBaeMoro caynaa nojiyiHM 

? PA = fsA~ a -P A ( 111 , 49 ) 

H 

Ppa = U AC-ÍA -COS [(<p sA _ (30° -|- PA )], (III,50) 

B 90° cxeMe k pejie c tokom noBpOK^eHHOH $ a3bI n P H 

OAHO(j)a3HOM 3aMblK3HHH Ha 3CMJIK) nO^BOAHTCH JIHHCHHOe 
HanpH)KeHHe jiByx HenoBpe>KjieHHbix čp3L3. 

Yroji ot H3MeHenHB HanpaiKeHHH noBpe>KneHHOH (})a3bi 
b 9tom nacTHOM cjiynae He OKa3biBaeT bjihhhhh Ha Bejin- 
qHHy yrjia Ha 3a>KHMax pejie. noaTOMy Pp MonceT óbiTb on- 
peiieaeiia c noMombio (111,48). 

Ha (})Hr III,54 noKa3aHa BeKTOpHaa jiHarpaMMa tokob 
h HanpH^ceHHH, no.HBonHM.bix k 3a>KřiMaM pejie npn 3aMbiKa- 
hhh Mencny (J)a3aMH B n C. Ohh cooTBeTCTBy iot BKJiKjqeHHio 
pejie no 90° cxeMe. XaM ace o6o3HaqeHbi Bce yrnbi, Heoóxo- 
HHMbie hhh onpeneneHHH yrna cp p . 

J\j ih ToqHoro aHajiH3a hchctbhh pejie HanpaBJíeHHH Mom- 
hocth npH HecHMMeTpHqHbix noBpeaífleHHHx hjih pene, bkhio- 
qeHHbix cooTBeTCTBeHHO no 30° h 90° cxeMaM, mohcho nojib- 
30BaTbca cjienyíomHMH BbipaaceHHHMH, HanpnMep, hhh 4 )a * 
3bí A: 




fljia 30* cxeMbi 


PpA = u A Q*i A * cos ((?p A ■+■ 8) (111,51) 

h a jih 90° cxeMbi 

P PA = u B c • i A * cos \(<&p A + 8). (III, 52) 

yroJi Hce y p AOJi»ceH óbiTb onpeaeaeH H3 BeKTOpHon 
íwarpaMMbi tokob h HanpHxceHHfi, nocTpoeHHbix aaa Kaxcflo- 
ro OTfleabHOio caynan. 

18. yCJIOBHfl flEňCTBHfl PEJ1E HAÍIPABJIEHHfl 
MOIUHOCTH nPH 3AMBIKAHHH 3A CHJIOBHMj 
TPAHCOOPMATOPOM C COEUHHEHíiEM OB- 
MOTOK 3BE3flA-TPEyrOJlbHHK 



ripH KOpOTKOM 3aMbIK3HHH 33 CHJIOBblM TpaHC(})OpMaTO- 
pow c oÓMOTKaMH, coeAHHeHHWMH no cxeMe 3Be3jia-TpeyroJib- 
HHK, BeKTOpHbie flHPTpaMMbl TOKOB H HanpHXCCHHH JLO TpaHC- 
4)OpMaTOpa HCKa>K3K)TCH, HTO MOXCeT BbI3BaTb HenpaBHJibHoe 
AeHCTBHe peae HanpaBJíeHHH moluhocth. 



<Phi\ 111,56. BeKTopHaa anarpaMMa tokob h HanpjDKeHHH, 
noABOAHMbix k 3axcHMaM peae, BKaioqeHHbix no 30°^cxeMe 
npn noBpeHíAeHHH no ({mr. M, 55 c R n = 0. 
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3>nr. 111,57. BeKTopHaa anarpaMMa tokob h HanpaHceHHH, 
noABOAHMbix k 3a>KHMdM peae, BKJiioHCHHbix no 90° cxeMe* 
npn noBpexc^eHHH no 4>nr. III, 55 c R n = 0. 


i 


i 


4>nr. 111,55. Cxewa pacnpeaeaeHHH tokob' b TpaHC<})opMa- 
TOpe, HMeioiueM coeavmeHHe oómotok 3Be3aa-TpeyroabHHK, 
npn AByx(})a3HOM noBpeHcaeHHH co CTOpoHbí 3Be3£bi. 

Ha $nr. 111,55 noxasaHa ynpomeHHaa cxeMa cnaoBoro 
TpaHc<})opMaTOpa n peae HanpaBJíeHHH moiuhocth, BKjnoqen- 
HblX CO CTOpOHbl OÓMOTKH, COejlHHeHHOH B TpeyrOJIbHHK. 

■Uaa CHaoBoro TpaHC$opMaTopa, HMeiomero coeaHHeHne 
OÓMOTOK a/A-31, TOKH H HanpHHCeHHH COOTBeTCTBOH 4 * 
ho co CTOpoHbí TpeyrojibHHKa n 3Be3abi hmchdt caeayiomHe 
COOTHOUieHHH: 

U ac == UÁ* ^ea~^B'y 

Ia ~ i(i *8 — IA 16 ~ Íq fc ” Ib 1 c\ 

1 c ~ h fa — 1 c 1 A' 

n m cnaoBoro TpaHC(j30pMaiopa co CTOpoHbí 3Be3iibi k cto- 
poHe TpeyroJibHHKa npwHHT npn 3 tom paBHbíM Y 3 . 

Ha $ht. 111,56 h yi,57 noKa3aHM ynpomeHHbie BeKTOp- 
Hbie .uHarpaMMbi tokob h HanpHaceHHH na peae npn MeTaa- 
JlHMeCKOM KOpOTKOM 3aMblK3HHH CO CTOpOHbl 3Be3,HbI CH- 
jioBoro TpaHC(J)opMaTOpa, Meacay 4> a3aMH B-C % t. e. npn 
U B c = 0. Tok b HenoBpeaíaeHHon $a3e 1 A u naaeHiie Ha- 
npHHíeHHH B OÓMOTKaX TpaHC^OpMaTOpa He yqHTbIBaíCTCH. 

Oht. 111,56 cooTBeTCTByeT bkjhohchhio peae no 30° cxewe, 
(Jmr. 111,57 — no 90° cxeMe. 



<J>nr. 111,58. BeKTopHan anarpaMMa tokob h HanpHtfceHníí, 
noaBOjuiMbix k 3ancHMaM peae, BKaioqeHHbix no 30° cxewe, 
npn noBpOKÁenHH no (j)Hr. III, 55 c R n =/= 0. 



Onr. 111,59. BeKTopnaa anarpawMa tokob h HanpH>KeHi:ii y 
noABOjTHMbix k peae, BKaioqeHHbix no cxeMe 90°, npn no- 
BpencjieHHH no (j)Hr. III, 56, c /?„/ 0. 
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M3 $hi\ 111,56 bhaho qxo B .30° cxewe yroa c tokom 
4>a3bi C óojibine 90°. CjieAOBaxejiibHo, peae Ha <£a 3 e C b 
9thx ycjioBHHX HMeeT OTpHiiaTe/JbHbiH M 8p h AeftcTByeT 
HenpaBHJibHo. B 90° cxeMe (<jmr. III, 57) pejie Ha Bcex Tpex 
<})a3ax .neficTByioT npaBHJibHQ, -Tax KaK yroji v 0 Bcex pejie 
MeHbine 90°. 

CtoaKo npw nospe)K^eHHH Me>KAy tcmh xce 4>a3aMH c 
ÓOJIbUIHM nepeXOflHHM COIipOTHBJíeHHeM yCJIOBHH AJIH ACHCT- 
BHfl pejie H3MeHH!OTCH. 

B 9thx vcjiobhhx U B c =£ 0 h yroji* CABHra <|>a3 MeacAy 
tokom h HanpaxceHHeM noBpeHCAeHHwx <j>a3 MeHbrne, qeM b 
npeiibiAyiueM cjiyqae. 

H 3 <jwr. III, 58 bhaho, qTO npH 3aMbiKaHHH qepe 3 nepe- 
xoflHoe conpoTHBJíeHHe yroji y p pejie, BKJiioqeHHbix no 30° 
cxeMe, ajih Bcex (J)a3 MeHbrne 90° h, cjieAOBaTejibHO, pejie 
Ha Bcex Tpex 4>a3ax AeftcTByeT npaBHjibHO. B 90° cxeMe 
<(J)Hr. 111,59) yroji pejie c tokom <J) a3u A HecKOJibKO 

óojibiue 90°. riosTOMy pejie 4>a3w A b 9 thx ycjioBHHx mo- 
HíeT nojeScTBOBaTb HenpaBHJibHo. 

KaxaH H3 cxeM c 9 toh tohkh 3peHHjj HMeeT Heocno- 
pHMbie npenMymecTBa, b oómeM cjiyqae cxa3aTb 3aTpyAHH- 
TeabHo. Oóe cxeMbi oóaaAaioT no cymecTBy oahhm h TeM 
Ke HeflocraTKOM, TOjibKO npn pa3Hwx 3HaHeHHHx nepexoA- 
Horo conpoTHBjíeHHH b MecTe noBpexcaeHHH. #jih toto qTo- 
-6bi b paccMHTpHBaeMOM cjiyqae OT^aTb npe^nonTeHne Toft 
hjih Apyroft cxeMe, hcoóxoahmo 3HaTb Hanóojiee BepoHTHyip 
BejiHHHHy nepexoAHoro conpoTHBjíeHHH b MecTe noBpeacAe- 
hhh npHMeHHTejibHO k KOHKpeTHWM ycJiOBHBM MecTa ycTa- 
hobkh pejie h paccMaTpnBaeMOMy MOMeHTy BpeMeHH nocjie 

B03HHKH0BQHHH nOBpeHCAeHHH. OÓbiqHO CHHTaeTCH, HTO B 

óojiboiHHCTBe cjiyqaeB 90° cxeMe Bce ace aojdkho 6biTb ot- 
nauo npeanoqTeHHe, Tax xax B03M0HCH0CTb HenpaBHJibHoro 
AeftcTBHH OAHO(J)a3Hbix pejie b Heft npaKTHqecKH MeHee Be- 
poHTHa, qeM npH 30° cxeMe. 

r Tpex(J)a3Hbie pejie HanpaBJíeHHH c hccctkhm noABOAOM 
HanpHHceHHH paóoTaioT b paccMaTpHBaeMOM cayqae npa- 
BHJIbHO npH JlIOÓoft H3 CXCM BKJIIOqeHHH. 

19.flEÍÍCTBHE PEJIE HAIIPABJIEHHJI 
MOIUHOCTM HA HEnOBPEMÍflEHHbIX 4>A3AX 

Bo Bcex''npHBe^eHHbix Bbirne paccyxmeHHjjx tokh b 
H enoBpeHcjieHHux $a3ax npHHHMajincb paBHUMH Hyjiio. Oa- 
H8KO 9TO HBJIfleTCH CnpdBeAJIHBblM TOJIbKO AJIH qaCTHbIX H 
.BecbMa pe^KHx cjiyqaeB. B oómeM ace cayqae tokh b He¬ 
no BpoKfleHHbix (})a3ax He paBHbí Hyjno. 

HanpaBjíeHHe moiuhocth b HenoBpexcaeHHoft (})a3e b 
óojibuiHHCTBe cjiyqaee He onpeAejiaeTCH pacnojioaceHHeM 
Mocia noBpe>KfleHHfl n o oTHomeHHio k MecTy ycTaHOBKH 
pejie h nosTOMy pejie HanpaBJíeiiHH mouxhocth, BKJiioqeH- 
Hoe Ha tok HenoBpexcaeHHofi $a3b!, MoxceT jieřlcTBOBaTb 
HenpaBHJibHo h Bbi3BaTb HenpaBHJibHoe oTKjnoqeHHe jihhhh. 

Ha 4>Hr. III, 60 noxasaHa ynpomeHHan cxeMa cncTeMbi, 
HMeíomefi ^Ba HCTOHHHKa nHTaHHH. PaccMaTpHBaioTCH ycjio- 
bhh jreScTBHH pejie Ha oflHoft h 3 npoMexcyTOHHbix noACTaH- 
UHH A. 

HopMajibH ) H3ÓbiToqHaH reHepaTOpHaa MomHocTb CTaH- 
uhh r n nepe^aeTCH k uiHHaM CTaHUHH r l ajih nHTaHHH <|>h- 
AepoB noTpeÓHTejieft (ocBeTHTe^bHan Harpy3Ka), otxoahiuhx 
OT UIHH AaHHOft CTaHUHH. 

fe' Hjih ynpoiueHHH qepTenca c|)HAepbi noTpeÓHTejieft, ot- 
XOAHIUHe OT UIHH CTaHUHH Tjj H nOACTaHUHft A, He noxa- 
3aHbi. Ha $Hr. III, 60 CTpejixaMH noKa3aHbi tokh Harpy3KH, 
nepe^asaeMbie ot CTaHUHH r n k CTaHUHH Tj # 

Ha <J)Hr. III, 61 noKa3aHa Ta ace cncieMa, ho b ycjioBHHx, 
xonia npoH30uuio KopoTKoe 3aMbiKaHHe Měnily <j*a3aMH BnC 
Ha jihhhh MeníAy CTaHUHeft Tjj h noACTaHUHeft A Ha KaacAoft 
4)a3e oóenx jihhhh, otxoahiuhx ot uihh noACTaHUHH A t b 
H anpaBJíeHHH k uiHHaM CTaHunft r x h r n yciaHOBjíeHO no 
pejie HanpaBJíeHHH moiuhocth. Ha 4>wr. 111,62 h 111,63 npn- 
BeAeHbí BeKTOpHbie AuarpaMMbi tokob h HanpnxceHHft ajih 
9thx pejie ajih qacTHoro cjiyqan ocBeTHTejibHoft Harpy3KH 
(cm. ra. I, §3). <Pnr. 111,62 cooTBeTCTByeT KOMnjieKTy pe^e 7, 
a (J)Hr. III, 63 KOMnjieKTy 2 4)nr. III, 61. 
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Ha cxeMe $Hr. III, 61 bhaho, qTO tokh b noBpe)KAeHHbix 
4>33ax B H C B JIHHHH A — r II CO CTOpOHbl noACTaHUHH A 
H3MeHHJiHCb no BeJinqHHe h HanpaBJíeHHio. CTpejiKdMH /^ 3 h 
/C3 COOTBeTCTBeHHO nOKa3aHbI TOKH nOBpeXCAeHHH B 4>a3ax 

B h C, noATeKaiomHe k MecTy noBpencAGHHH ot CTaHUHH r I# 
B HenoBpexcAeHHoft 4 >a 3 e A npoAOJixcaeT npoTeKaTb tok 
H arpy 3 KH b HanpaBJíeHHH ot CTaHUHH T n k CTaHUHH r h 
B03BpamaHCb OÓpaXHO K UIHHaM CTaHUHH Al no <})a 3 aM B hC. 
3 a * nojioHCHTejibHoe HanpaBAeHne tokob Ha h 

III, 63 npHHHTO HanpaBjíeHHe, cooTBeTCTByiomee HanpaBJíeHHio 
OT UIHH noACTaHUHH A B JIHHHH). BeKTopw, H 3 o 6 paHcaioiuHe 



Oht. 111,60. ToKopacnpeAejieHHe b 9JieMeHTapHoft CHCTeMe 
C AByXCTOpOHHHM nHT3HHeM npH HOpMaJIbHbIX yCJIOBHHX. 



Onr. 111,61. ToKopacnpeAejieHHe b CHCTeMe npn AByx4)a3- 
HOM nOBpeXCAeHHH Ha OAHOft H3 jihhhh. 


Ha 4> Hr -Ill>63 TOKH Ibz H Í*C 3 * 33HHMaiOT nOJIO)KeHHe, COOTBeT- 
CTByiomee 9 TOMy npHHBTOMy nojioncHTejibHOMy HanpaBJíeHHio. 
BeKTOp TOKa $a 3 bi A 33 HHMaeT oópaTHoe noJioníeHHe, Tax 
KaK tok b (J)a 3 e A HMeeT HanpaBjíeHHe k iuhh 3 m noACTaHUHH A . 
Ha (})Hr. III, 62 BeKTopbi tokob b KaaíAofi $a 3 e hmciot oó- 
paTHoe HanpaBjíeHHe no OTHomeHHio k BeKTopaM tokob Tex 
nce 4>Hr. III, 63. 3to oÓT>HCHHeTC 5 i TeM, uto corJiacHO 

^nr. 111,61 tokh b 4 > 33 ax B h C b jihhhh A-A HMeioT Ha¬ 
npaBjíeHHe K UIHHaM, a TOK 4^ aa bl A OT UIHH noACTaHUHH A. 
IlojiHbie tokh b <j*a 3 ax B h C COOTBeTCTBeHHO ign H *c/7 Ha 
oóenx AnarpaMMax paBHbí reoMeTpnqecKoft cyMMe tokob 
noBpeHCACHHH i B3 h íq 3 h tokob Harpy3KH 0,5 i Am 

KpoMe BeKTopoB nojiHbix tokob b (})a3ax Ha 4>Hr. III, 62, 
H 111,63 CnJIOUIHblMH JIHHHHMH HaHeCeHbl HanpJIHCeHHH Ha 3a- 
xcHMax pejie, BKJiioqeHHbix no 90° cxeMe. Ha <})Hr. 111,64 ii 
III, 65 COOTBeTCTBeHHO HaHeceHbí tokh h HanpinKeHHH Ha pejie, 
BKJiioqeHUbix no 30° cxeMe. Yroji y p c tokom HenoBpejKAeHHoft 
$a3w y pA (4>Hr. 111,63 h 111,65) ajih oóenx cxeM BKJiioqeHHíi 
pejie óojibine 90°. FIo9TOMy pe;ie 4> a 3bi A KOMnjieKTa 3 amHTbi 2 
He AeftcŤByeT, TaK KaK M ep Ha pejie HMeeT oTpnuaTejib- 
Hblft 3H3K • OTKJnoqeHHe JIHHHH ÓyAeT npOH3BeAeHO B 
pe 3 y;ibTaTe achctbhh pejie c tokom $a3 B h C b 90° cxeMe 
h b pe3yjibTaTe AefiCTBHn pejie c tokom 4>a3bi B , a T3K>Ke 
4>a3bi C npn U B Q =f= 0 b 30° cxeMe. TaKHM oópa30M noBpe>K- 
AeHHan jihhhh r n -A npn oóenx cxeMax BKJiioqeHHH pejie 
OTKJiioqaeTCH npaBHjibHo. HenoBpeHíAeHHaji jihhhh r^A aojdk- 
Ha ocTaBaTbCH b paóoTe. Oah3ko H3 paccMOTpeHHH cjmr. 
111,62 h III, 64 bhaho, qTO yroji y p c tokom (J)a3W A (kom- 
n^eKT co 3 HaqKOM I (Jíht. III, 61) MeHbrne 90° aah oóenx cxeM 



BKJiioqeHHH pejie. CaeflOBaieabHO, M ep Ha peae <j>a3bi A 
říMeeT nojiojKHTejibHWH 3H3K. Pejie cpaóoiaeT h mohcct 
npoH3BecTH HenpaBHJ^bHoe oTKaioqeHHe jihhhh F^A. 

~ G stoh tohkh 3peHHH paccMaTpHBaeMbie exeMM BKJIIO- 
qeHHH pejie hmciot He3HaqHTeabHwe oTanqHíi apyr ot apyra. 
Pa3HHi;a no cymecTBy 3aKaioqaeTCfl TOJibKo b, tom, hto k 
peae c tokom HenoBpexcaeHHon <})a3bi no^BOjiHTCH HeoAHHa- 
KOBwe HanpniKeHHa. B 90° cxeMe tok (J>a3bi A coneTaeTCa 
c HanpHxceHneM Uqq (<|>Hr. III, 62), t. e. c HanpaHceHHeM Me>Kay 
oóenMH noBpeacaeHHbíMH <j)a3aMH. IlpH 6aH3K0M MeTaaaw- 
qeCKOM KOpOTKOM 3aMbIKaHHH 3TO HanpH)K6HH6 MOHCeT 

0Ka3aTbca paBHbíM Hyaio. Toraa peae (J>a3bi A He noaeS- 
CTByeT. Ho sto TOJibKo qacTHbifl cayqaří. B oómeM ace cayqae 
npn Uqc ~f~ 0 peae $a3w A b 90° cxeMe MoxceT Taxxce 
noaeHCTBOBaTb HenpaBnabHO, KaK h b 30° cxeMe. 


OómneBbiBOiibi no cpaBHemiio 30° h 90°cxeivi 
BKJH04eHHB pejie HanpaBJíeHHH moluhocth. Haoc- 
Hoše paccMOTpeHHbix npHMepoB ycJiOBHň juin 
AeňCTBHH pejie c yrjiOM ^=5 = 45°, BKJiioqeHHbixno 
90° cxeMe, h ajih KOCHHycHbix pejie, BKJiio^eHHbix 
no 30° cxeMe, moxcho c^ejiaTb cjie^yiomne bhbo- 

Ahi: 

1. npn CHMMeTpnnHbix Tpex$a3Hbix noBpexcne- 
hhhx Pp jxjitl o6enx cxeM npaKTnnecKH OAHHaKOBa 
[cm. ypaBHeHne (III, 45) n ypaBHeHne (111,48)]. 

2. npH £ByX(j)a3HbIX nOBpeiKAeHHHX yCJIOBHH 
jujih oóenx cxeM HecKOJibKO pasanqHbí: b 90° cxeMe 
Bceraa HaAeacHO aeňCTByeT pejie Ha o6enx no- 



4>hi\ 111,62. BeKTOpHaa anarpawMa tokob 
H HanpJHKeHHH, IIOaBOAHMblX K 33)KHMaM 
KOMnaeKTa peae 1 (jwrrlll, 61, BKaioqeH- 
hhx no 30° cxeMe. 
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4>wr. 111,63. BeKTopHaa anarpaMMa to¬ 
kob h HanpHHceHHň, noflBOflHMbix k 3a- 
HCHMaM peae KOMnaeKia 2 <j>Hr. III, 61, 
BKaioneHHbix no 30° cxeMe. 


4>nr. 111,64. BeKTOpHan anarpaMMa to¬ 
kob h Hanp5HKeH*iH, noflBoaHMwx K3a- 
hchmhm peae KOMnaeKTa 1 $nr. III, 61, 
BKaioqeHHbix no 90° cxeMe. 


ripaKTHqecKH HenpaBnabHoe aeíicTBHe 3amnTbi b peayab- 
TaTe aeficTBHH peae c tokom HenoBpexaeHHoií *£a3H hc- 
KaionaeTcn TeM, hto, KaK yKa3WBaaocb Bbirne, b cxeMax 
MaKCHMaabHon HanpaBaeHHofi samHTW KpoMe peae Hanpas- 
aeHHH moiuhocth HMeioTCH MaKCHMaabHbie TOKOBbie peae, 
cayacamHe nycKOBbíMH opraHaMH 3amHTU. B Haqaae ra. III 
roBopnaocb, hto i p m MaKCHMaabHbix tokobhx peaenycKOBoro 
opraHa BbiónpaeTca óoabine B03MoacHoro TOKa MaKCHMaabHoft 
HarpysKH. KpoMe toto nycK npn 0flH0(])a3Hbix peae HanpaB- 
jieHHH moiuhocth aoaxceH ocynxecTBaaTbca no(j)a3Ho. 

KaK H3BeCTHO, RpH OAHO(|>a3Hb!X 3aMbIKaHHHX Ha 36MaiO 
bo Bcex (})a3ax npoTeKaeT cocTaBaHiomaa TOKa HyaeBOH 
nocaeaoBaTeabHOCTH. B 33bhchmocth ot MecTa pacnoao- 
HceHHH noBpeacaeHHH n 3a3eMaeHHH HyaeBWx ToneK cncTeMbi 
no OTHomeHHK) k MecTy ycTaHOBKH 3amHTbi cocTaBamoman 
TOKa HyaeBOH nocaeaoBaTeabHOCTH, BW3BaHHan noBpeaíae- 
HneM, MoaceT coBnaAaTb no HanpaBaeHHio c tokom Harpy3KH 
b HenoBpeacaeHHbix 4 )a3ax - B pe3yabTaTe stoto tok b He- 
noBpeníaeHHbix $a3ax b CHCTeMax c Harayxo 3a3eMaeHHbiMH 
HyaeBbíMH tokbmh MoaceT 3HaqHTeabHO npesbímaTb tok, 
očycaoBaeHHbiH Harpy3KOH. ZlaH toto htočm He aonycTHTb 
nenpaBHabHoro aeficTBHH 3amHTM BcaeacTBHe HenpaBHabHoro 
aeHCTBHH oAHO(})a3Hbix peae mouxhocth Ha HenoBpeacaeHHbix 
$a3ax, HeoóxoaHMO npH pacneTe TOKa TporaHHH peae 
nycKOBbix opraHOB ncxoaHTb H3 pe3yabTHpyiomero TOKa b 
H enoBpe)KaeHHbix (})a3ax, onpeaeaneMoro reoMeTpnqecKOH 
cyMMOH TOKa Harpy3KH h cocTaBajnomeft TOKa, oóycaoBaeH- 
hoh HaaHqneM noBpexcaeHHH b Hanóoaee onacHofí Toqxe 
ceTH. 



BpexcaeHHbix (J)B3ax; b 30° cxeMe Ha/iexcHo Aefl- 
cTByeT pejie TOJibKo Ha oahoS onepexcaiomeň 
noBpexcAeHHoň 4>a3e. Ha BTopoň OTCTaiome^ no- 
BpexcAeHHoíi (j)a3e npH HanpnxceHHH Mexc^y no- 
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3 PeaeíiHafl 3amnTa 



Bpe>K,aeHHUMH <J)a3aMH, 6 ah3kom k syjuo, pe^e 
MoaceT 0TKa3aTb b acActbhh. 

3. npH noBpe»cneHH5ix 3a chjiobwm TpaHC<})opMaTopoM c 
coe^HHeHHeM oómotok 3Be3aa-TpeyrojibHHK HMeeica bo 3 MOxc- 
HOCTb HenpaBHJibHoro aeHCTBHH pejie KaK b toř, Tax h b 
apyroň cxeMe, b 3aBHCHMOCTH ot BejiHqnHH R n b Mecie no- 
BperaeHHH a BeJiHqHHW yrjia y p . 

4. HajiH^He TOKa b HenoBpexíaeHHOH <£a3e b toh h apyroň 
cxeMe MOxceT BU3BaTb HenpaBHJibHoe ^eftcTBue pejie Ha He- 
noBpeacAeHHOH <})a3e aenoBpexcAeHHOH jihhhh. 

Hcxoah hs CKa 3 aHHoro, CAeAyeT, hto 90° cxe- 
Ma c pejie, hmsioiuhm yro.n 8=45°, oťwiaAaeT He- 
KOTOpblM npeHMymeCTBOM npOTHB 30° CXeMbl npa 
AByx(J>a3HUx noBpeacaeHHax. 

KpoMe Toro, KaK óyaeT yKa3aHO HH%e, b AByx- 
4 >a3HHx cxeMax 3amHTU 30° cxeMa HBAaeTca bo- 
o6me HenpHeM^eMoň, Tan KaK npa AByx<j>a3Hbix 
noBpe»fleHHHx MewAy <J>a3ofi, He HMeiomefi TpaHC- 
(JjopMaTopa TOKa, KaK onepeacaiomeft h Apyroft 
$a3ofl KaK OTCTaiomeň 3amHTa OTKaaceT b Aefi- 
ctbhh. 90° cxeMa h b 9thx yc^OBHHX oóecneMHBaeT 
npaBHAbHyio paóoTy. 

20. PACHET MEPTBOft 30HbI PEJ1E HAIlPABJIEHHfl 
MOIUHOCTH 

KaxyaceroBopHJiocb, uepTBofi 3 o h o ft pejie 
HanpaBJíeHHa moiuhocth Ha3biBaeTca Ta qacTb 3á- 
mHiuaeMofl 30hh, npH noBpexcAeHHax b npe^e^iax 
KOTOpoň pe^e He AeftCTByeT Bc;ieACTBHe toto, 
HTO Pp<Pp.m. 

B 90° cxeMe MepTBaa 30Ha pe^e MoaceT 6uTb 
TOJIbKO npH TpeX(|)a3HbJX KOpOTKHX 3aMMKaHHHX, 
Koraa ko BceM TpeM pejie hoaboahtch ocTaTOHHoe 
HanpaaceHHe Mexiky nOBpeacAeHHbíMH 4> a3aMH * B 
30° cxeMe iiomhMÓ Tpex(j>a3Boro KOpOTKoro 3aMbi- 
KaHHH pe^e c tokom OTCTaiomeň 4>a3bi MoaceT 
HaxOAHTbCH B MepTBOft 30He H npH AByX«J> a 3HOM 
KOPOTKOM 3aMbIK3HHH. 

ÓaH 3KO, BCAeACTBHe TOTO HTO npH AByX(J)a3H0M 
KOPOTKOM 33MbIKaHHH H B 30° CXeMe OAHO H3 pe^e 
Ha onepeacaiomeň 4> a3e Bcer.ua AeflCTByeT HaAeac- 
ho (npa Tpex<j)a3HOň 3amHTe), pacqeT MepTBoň 
3 ohu pe^e Be^eTca TOAbKO aah Tpex$a3Horo 

KOpOTKOrO 3aMbIK3HHH. 

PačaeT a^ihhh MepTBoň 30HM pe/ie BeABTca 
Ajih MeTaAAHqecKoro noBpeacaeHHH c R„ — 0. Opu 
HaaHHHH nepexoAHoro conpoTHBAeHHH naneHne 
HanpaaceHHH Ha HeM MomeT OKa3aTbca aocTaToq- 
hhm ajih AeficTBHH peae Aaace npn noBpeacAeHHH 
B HenocpeACTBeHHoň 6 ah30Cth k MecTy ycTaHOBKH 
33IUHTM. 

npeAnoAOHCHM, hto noBpewAeHHe npoH3oniAO 
Ha rpaHHue MepTBOft 3ohh pe^e (<})Hr 111,66). 
OcTaTOHHoe 4>a3Hoe HanpaHceHHe Ha uiHHax noA- 
CT3HUHH paBHO TOKy KOpOTKOrO 3aMblK3HHH I K , 
yMHoaceHHOMy Ha conpoTHBJíeHHe noAoacHTeAbHoň 
nocjieAOBaTeAbHOCTH Z A yqacTKa ahhhh ot hxhh 
noACTaHUHH ao MecTa noBpewAeHHH, t. e. 

Uk^ s Ik Z a S3 / K Zj 4, 


rAe Z x — noAHoe conpoTHBjíeHHe no^OHCHTe^ibHOň 
noc^ieAOBaTejibHOCTH, npHxoAaweecH Ha 
1 km ^hhhh; ■ 

l x — AA HHa ynacTKa ^hhhh ot MecTa noBpieMc- 
AeHHH ao MecTa ycTaHOBKH pe^e b kh- 
^OMeTpax. 

Cor^acHO ypaBHeHHio (III, 42) P p — u p -ip‘ 
•cos (? 3 — a). 

Tok b pe^e paBeH • 

HanpaHceHHe Ha 3 axKHMax pe^e aah cxeM c 
^HHeňHbíM HanpaaceHHeM paBHO 

„ _ V 3Uk _ {tcj^lbc 

. p rt H n H 

TA6 n H —K09(|)HHHeHT TpaHC(J)opMauHH TpaHCiJjop- 
MaTopa HanpflxceHHH. 



MblKaHHH Ha JIHHHH. 


riOACTaBAHH 3 HaqeHHfl ip H Up B (III, 42) H npH- 
HHMaa bo BHHMaHne, hto a-íih paccMaTpHBaeMoro 
MecTa noBpexcASHHH P p = P p . m , nonyqHM 
= l/r* 
n m n H 


Pp. m — 


/* 2 -4- cos(<ř 3 —a). 


H3 nojiyqeHHoro cooTHomeHHH onpeAeJiaeTca 
AAHHa MepTBoň 30 hh pejie 

-km. (111,53) 


lim 


p. m 


^“>^3 -Z t * /*• COS(<p 3 — a) 

BupaateHHe (III, 53) BUBeAeHO A^a oAHo 4 >a 3 Hbix 
pe^e. npa npHMeHeHHH AByx<J>a3Hbix pe^e 3HaMe- 
HaTéAb (111,53) AOAXceH 6 htb yMHoaceH cootbct- 
CTBeHHO Ha ABa: 

• /2 .JhT-” km. (111,54) 


2/T-Zí ’ l \-COS(f 8 — a) 

JIj ih Tpex<J>a3Hbix pe^e cooTBeTCTBeHHo 


lx 


n m -n H 


p-m 


3/3-Zj I\co s(<p 3 —a) 


km. (111,55) 


CpaBHHBaa ypaBHeHHa (111,53) c (111,54) h 
(III, 55), bhahm, hto b c^yqae npHMeHeHHH mho- 
ro4»a3Hbix pe^e AAHHa MepTBoň 30Hbi npn npoqnx 
paBHbix ycjiOBHax yMeHbmaeTca. 

Oah3ko yMeHbmeHHe aahhh MepTBoň 3 ohu 
pejie He onpeAeAaeTCH npHMoň KpaTHOCTbio ot 
qncAa (J>a3 pejie. BcAeACTBHe toto hto noABHJKHaa 
CHCTeMa MHoro$a3Horo pe^e HBAaeTca 6oAee 
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THJKe^ofl, Pp.m MHoro<|)a3Horo pejie Ďojibuie P p . m 
oflHO(J)a3Horo pe^e npH npoqnx paBHbix ycjiOBHax. 

HeOĎXOflHMO Taxace OTMeTHTb, HTO nOCKO^b- 
Ky Pp.m B 4>yHKUHH I K He HB^aeTCH nOCTOHHHOň 
Be^HqHHoň, a oĎbmHO B03pacTaeT c yBeAHqeHHeM 1 K , 
npa onpeAe^eHHH MepTBoň 3 ohh HeoĎxouHMO 
npHHHM3Tb Pp. m B COOTBeTCTBHH C paCqeTHHM TO- 
KOM KOpOTKOrO 3aMbIK3HHH /«. 

21. nOBblUIEHHE HyBCTBHTEJlbHOCTH flEHCTBHfl 
PEJ1E HAnPABJÍEHMfl MOIUHOCTH 

MepTBan 30Ha perte HanpaBJíeHiw moiuhocth npH chm- 
MeTpHHHblX TpeX(})a3HbIX KOpOTKHX 33MbIKaHH5IX He MOHCeT 
óbiTb noJiHOCTbio ycTpaHeHa, Tax xa k npH R n =0 b Heno- 
CpeUCTBeHHOH ÓJIH30CTH K Medy yCT3HOBKH peJie HanpHJKeHHe 
Bcex 4>a3, nortBOAHMtix k 3axcHMaM perte, paBHo Hyjno. Oa- 
Haxo jiji HHa MepTBoň 3 ohh perte MoxceT 6bHb yMeHbuieHa h 
T eM caMbiM noBbiuieHa nojiHOueHHOCTb 3amnTbi. Ochobhmm 
M eponpHHTHeM no yMeHbineHHio ArtHHbí MepTBOH 30 hw siBrtH- 
eTCH yMeHbineHHePp , m R p . m TpaTHTca b ochobhom Ha npe- 
oAOJieHHe MexaHHqecKHX conpoTHBJíeHHH, npoTHBOAeHCTByio- 
iuhx noBopoTy hoabhhchoh CHCTeMbi perte. OTcioAa CrteAyeT, 
mto perte aojdxho oójiaAaTb rterxoH xoHCTpyKUHefi noABHxc- 
hoh CHCTeMbi, KOTopaa no3BoaHeT yMeHbuiHTb ycHrtne npo- 
THBOAeficTByiomeH npyxambi h conpoTHBrteHHH TpeHHio npH 
ee noBopoTe. CymedByioT Taxace HexoTopbie cnocoóbi yMCHb- 
iueHHH ajihhw MepTBoň 3 ohw pe;ie nyieM HCKyccTBeHHoro 
noBbímeHHH HanpínxeHHH Ha oÓMOTxe HanpjnxeHHH perte npn 
Majihix HanpHxceHHHX Ha éro 3a>KHMax. fljia stoh ufertH, Ha- 
npHMep, nocrteaoBaTertbHo c oómotkoř HanpHHceHHH BKJixjqa- 
eTCH eMXOCTb, a napartrtertbHO oÓMOTKe— HexoTOpoe áxTHB- 
Hoe conpoTHBrteHHe (<})Hr. III, 67). Emkoctb xoHAeHcaTopa 
HacTpaHBaeTca b pe30HaHC c HHAyxTHBHocTbio o6motkh Han pa- 
/ 

XCeHHH (a >L = — ^ -). AKTHBHOe COnpOTHBrtCHHe BbinOrtHHeTCH 

H3 THpHianjiH aHaaorHqHoro eMy iio cbohctb3m MaTepnajia. 
Cbohctbo 9Toro Maiepnarta 3axjiioqaeTCH b tom, hto BertHHH- 
Ha ero conpoTHBJíeHHH 33 bhcht ot npurtoxceHHoro k HeMy Ha- 
npHHíeHHír, npnAieM c yBejiHneHHeM HanpjnxeHHH conpoTHBJíe- 
íine yMeHbmaeTCH. Ilpn 3HaqHTertbHbix HanpaxceHHHX Ha 3a- 
xcHMax perte conpoTHBJíeHHe R, uiyHTHpyiomee oÓMOTxy Ha- 
npHHceHHH, Marto h pe30HaHc OTcyTCTByeT. npH Martbix Hanpa- 
HceHHíix Ha 3axcHMax perte conpOTHBJíeHHe R CHrtbHo B03pa- 
ciaeT h npHórtHixaeT ycjioBHH KOHTypa k pe30HaHcy. npH 
BecbMa Martbix HanpaxceHHHx Ha 3axcHMax perte, HeAOCTaTon- 
hmx ArtH ero AeficTBHH, HanpHxceHne Ha oÓMOTxe peae BCJieA- 
CTBHe pe30HaHca KOHTypa MoxceT 6wTb 3HaqHTertbHO Bume 
HanpaxceHHH Ha 3axcnMax perte h oho npHAeT b AeficTBHe. 
TaKHM o6pa30M nyBCTBHTenbHOCTb perte yBertHqHBaeTCfl h 
M epTBaa 30Ha yMeHbmaeTCH. 

22. TPAHC4>OPMATOPbI HAI1P^>KEHH5I 
Pe^e HanpaBJíBHHH moiuhocth, xan npaBHAO, 

HBJIHIOTCH BTOpHHHblMH. Hx OĎMOTKH TOKa npH- 
COejHHflK)TCH K TpaHC<J)OpMaTOpaM TOKa, a OÓMOTKH 
HanpaxceHHfl k TpaHc4>opMaTopaM HanpaxíeHHH. 

Ha3HaqeHHe, ycTpoflCTBO, npHcoeuHHeHHe h 
M apKHpOBKa BblBOAOB TpaHCť^OpMaTOpOB Ha- 
nptnKeHHfl. TpaHC(|)opMaTopbi HanpflxceHHH npeu- 
Ha3HaqeHbi uaa: 

1) H30AAUHH 3 amnTHbix h H3MepHTejibHbix an- 
napaTOB h hx ueneft ot bwcokhx HanpaaceHHž 
ceTH; 

2) očecneqeHHH 6e3onacHoCTH nepcoHa^a, 06 - 
c^yxtHBaiomero sth annapaTU ii uenn; 

3) TpaHc4>opMauHH nepBHHHoro HanpaHceHHH 
iio BeAHHHHbl BTOpKHHOrO HanpaHteHHH, yuoÓHoro 
jyia H3MepeHHň. 


CTaHuapTHoe BTopHUHoe HanpaxceHHe b CCCP 
npHHHTO paBHblM 100V. OAHaKO B SKCnAOaTaUHH 
HaxouHTca enie mhoto TpaHC(t>opMaTopoB co bto- 
pHHHbíM HanpaxceHHeM, paBHbíM 110V. 

ycAOBHoe o6o3HaHeHHe TpaHC(f>opMaTopa Ha> 
npaxteHHa noKa3aHO Ha 4>hi\ 111,68. 

nepBHHHaa o6motk 3 TpaHc4)opMaTopa Hanpa- 
xccHHa npHcoeuHHaeTca napa^AeAbHo k sjíeMeHTy 
CHCTeMbi, HanpaaceHHe KOToporo H3MepaeTca. Ko 
BTOpHHHOň OĎMOTKe npHCOeUHHaiOTCH OĎMOTKH 
H3MepHTeJIbHbIX npHĎOpOB HJIH OĎMOTKH HanpH- 

*eHHa pe^e. Kohum nepBHHHOň h BTOpnaHoň 
OĎMOTOK HMeiOT MapKHpOBKy, T. e. yCAOBHOe 
0Ď03HaqeHHe Haqa^a h KOH^a' KaiKUoň oďmotkh. 


L^Sjuomka 



<í>Hr. 111,67. CxeMa pe 30 - 
HaHCHoro KOHTypa jjjih no- 
BblUieHHH qyBCTBHTertbHO- 
cth AefícTBHH perte Ha- 
npaBrteHHH MomHOcm 


ABC 



I 1U 

J 

<f»Hr. 111,68. ycjioBHoe 

o6o3HaneHHe ipaHC^op- 
Matopa HanpaaceHHH. 


<P 



4>nr. 111,69. OnpeaeaeHHe noJiapHOCTH oómotok 
TpaHCijjopMaTOpa HanpsiaceHHH. 


Ha <J)Hr. 111,68 bto 0Ď03HaqeHHe noKa3aHO coot- 
BeTCTBeHHo ĎyKBaMH H, h h K, k. ycAOBHwe Haqa- 
jia h kohuij nepBHHHOň h BTopnqHOň oďmotok Ha- 
xouhtch b onpeueAeHHoň CBa3H, b 33bhchmocth 
OT CnOCOĎa HaMOTKH 3THX oďmotok. 

AonycTHM, mto Ha CTaAbHofi cepueHHHK (4>nr. 
III, 69) HaMOTaHbí b oahh3kobom HanpaBAeHHH ABe 

OĎMOTKH / H //. OĎMOTKa / npHCOeAHHeHa K 
HCTOHHHKy nHTaHHH, a OĎMOTKa II 33MKHVTa Ha 
HeKOTopoe conpoTHBAeHHe Harpy3KH ( Z Ha , p ). rioa, 
ueflcTBHeM TOKa b nepBHqHoň h btophhhoíí o6- 
MOTKax b CTa^bHOM cepueqHHKe co3uaeTca Mar- 
HHTHblfl UOTOK <l>. CoOTBeTCTBHe MCHCJiy nO^OHCH- 
TeAbHHMH HanpaBJíeHHHMH TOKOB / H í MaTHHT- 
Horo nOTOKa cuenAeHHoro c oďchmh oďmot- 
KaMH, ycTaHaBAHBaeTca no npaBHíiy uiTonopa. 
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ilonycTHM, hto b AaHHbiň momcht HanpaBAeHHa 
MarHHTHoro noTOKa a. a- c. HanpaaceHHň h tokob 
cooTBeTCTByioT CTpe^iKaM Ha (Jmr. III, 69. 

CqHTaa npoH3BOAbHO BepxHHň KOHeu, nepBHH- 
Hoň oómotkh aa HaaaAO H, a hhjkhhA — 3 a KOHeu 
K, BepxHHfl 3a>KH\i BTopnaHOň oómotkh oó03Ha- 
'íaioT KaK HaaaAo « h hhhchhh KaK KOHeu k. TaKHM 
o6pa30M 3 a HaaaAO BTopnaHoň oómotkh npHHH- 
M3IOT TOT ee KOHeu, H3 KOTOpOrO TOK i BbIXOAHT 

npn HanpaB^ieHHH TOKa b nepBHHHoň oómotkc ot 
ycJiOBHo npHHHToro HaaaAa k KOHny. 

npHHaToe npaBHAO 0Ó03HaqeHHa HaaaAa h 
KOH iia oómotok TpaHC(j)opMaTopa HanpaweHHa no- 
3BO^aeT očyc^OBHTb TaKoe HanpaBAeHHe btophh- 
hoto HanpaaceHHH no OTHOineHHKj k npHCoeAH- 
H6HHUM KO BTOpHHHOň OÓMOTKe H3MepHTeAb- 

hhm npnóopaM hah peAe, KaK ecAH óbi 9 th 
npnóopbi hah peAe óhah npHCoeAHHeHH Heno- 
cpeacTBeHHo k nepBHHHOň uenH. 

Ecah 6bi oómotkh Tpanc(j)opMaTopa Hanpaace- 
hhh óhah HaMOTaHu b pa3Hbix HanpaB^eHHax, to 
npH npOHHX paBHbIX yCAOBHHX TOK BTOpHHHOň 

oómotkh b npeflCTaB^reHHuň Ha 4>ar. III, 69 momcht 

BbIXOAHA Óbl H3 HHJKHerO KOHH3 OÓMOTKH. B CO- 
OTBeTCTBHH C 3THM H MapKHpOBKy KOHUOB BTO* 
pHHHOft OÓMOTKH npHIHAOCb ÓM HOMeHHTb MeCTaMH. 

HeoóxoAHMo OTMeTHTb, hto Ha oahom cepAea- 
HHKe TpaHC(|)opMaTopa HanpaaceHHa MoryT óbirb 
pa3MemeHbi He OAHa BTOpHHHaa oÓMOTKa, a He- 
CKoabKO. O^HaKo npHHUHnnaAbHbie noAoaceHHa 
paóoTM TpaHC<t»opMaTopa ot stoto He H3MeHajoTca. 
y caobhh aah onpeAeaeHHH noAapHOCTH KascAoň 
H3 BTOpHHHbIX OÓMOTOK no OTHOUieHHK) K nepBHH- 
Hoň COBepmeHHO OAHHaKOBbl He33BHCHMO OT HX 
ancAa. 

BeKTopHan anarpaMMa TpaHecpopMaTopa Ha- 
npniKeHHH. ,Z1 ah nocTpoeHHa BeKTopHofi AHarpaM- 
mm TpaHC(J)opMaTopa HanpaaceHHa hcoóxoahmo 
npHHaTb ycaoBHue noAOHCHTeAbHbie HanpaBAeHHa 
tokob, a. a. c. h HanpaaceHHft cooTBeTCTBeHHO MJia 
nepBHHHOň h BTOpHHHoň oómotok. ripn nocTpoe- 
HHH BeKTOpHOÍI AHarpaMMH AAH Tp3HC(J)OpMaTOpOB 
TOKa b ta. II, §11 yKa3biBaaocb, hto cymecTByioT 
Asa cnocoóa oóo3HaaeHHň ycAOBHbix ,pojio)KHTeab- 
hhx HanpaBaeHHň tokob h HanpaaceHHň nepBHHHofi 
h BTopHHHofl oómotok TpaHC<i>opMaTopa. Ilpn nep- 
bom cnocoóe ycAOBHbie noAoacHTeAbHbie HanpaB- 
jieaHa i h Mu npHHHMaioTca npoTHBonoAoacHbíMH 
no OTHOmeHHio k noAoacHTeAbHHM HanpaBAeHH- 
hm cooTBeTCTBeHHO / h í/j. řípa BTopoM cnocoóe 
noaoHCHTeabHbie HanpaBAeHHa TOKa i h Hanpa- 
JKeHHH Mh BTOpHHHOft OÓMOTKH npHHHMaiOTCa OAH- 

HaKOBMMH c noaoHCHTeabHMMH HanpaBaeHHaMH 
TOKa / h HanpaaceHHa Ui nepBHHHOň oómotkh. 
riopaAOK nocTpoeHHa, a TaKace npHHUHnHaabHbift 
bka BeKTopHoft AHarpaMMM TpaHc4>opMaTopa Ha- 
npaaceHna oahh3kob c BeKTopHoft AHarpaMMoft 
TpaHC^opMaTOpa TOKa. Ha (Jwr. III, 70 noKa3aHbi 
ynpomeHHue BeKTopHbie AnarpaMMbi TpaHC^opMa- 
Topa HanpaaceHHH, nocTpoeHHbie cooTBeTCTBeHHO 
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no nepBOMy h BTopoMy cnocoóaM oóo3HaaeHHft 
ycAOBHbix noaojKHTeabHux HanpaBaeHHň, juih ko- 
9 (J)HaHeHTa TpaHC^opMauHH, yc^oBHO npHHaroro 
paBHbíM eAHHHne. Ha 111,71 AaHa noAHaa 

AHarpaMMa ujih nepBoro peKOMeHAyeMoro cno¬ 
coóa H30ópaaceHHH. 



a 


4 



liz 


<í>Hr. 111,70 (a h b). 
ynpomeHHbia BeK- 
TopHbie jxnarpaMMbi 
nepBHqHoro h bto- 
pH^Horo HanpsnKe- 
HHH TpaHC(})OpMaTO- 

pa HanpHHceHHflnpH 
nepBOM H BTopoM 
cnocoóax oóo 3 Haqe- 
HHH yCJIOBHblX no- 
JíOHCHTe^bHblC Ha- 
npaBJíeHHH. 



4>ar. III, 71. FIojrHaíi BeKTopnaa nm- 
rpaMMa TpaHC(J)opMaTopa HanpHHceHHír, 
nocTpoeHHa h no nepBOMy cnocoóy 060 - 
3HaneHHH ycjiOBHWx noJioHCHTe^bHbix 
HanpaBJíeHHíi Toxa h HanpH»ceHHH. 


Ycaobhh paóoTbi TpaHC(})opMaTOpa HanpHHce- 
HHH. C npHHHHnnaAbHOft TOHKH 3peHHH TpaHC(|)Op- 
MaTop HanpaHceHHH HHneM He OTAnnaeTca ot aio- 
óoro TpaHC<t»opMaTopa. Pa3HHna 3aKAK>qaeTCH 
TOAbKO B KOHCTpyKTHBHOM BbinOAHeHHH, B COOT- 
BeTCTBHH c ero Ha3HaqeHHeM h ycAOBHHMH paóo- 
Tbi. Harpy3Koň BTopHHHOň oómotkh TpaHC(J)Op- 
MaTopoB HanpaaceHHH aBAaiOTca TOAbKO oómotkh 
HanpaHceHHH KOHTpOAbHO-H3MepHTeAbHHX npn- 
óopoB h 3amHTHoň annapaTypu. rioaTOMy moui- 
HocTb TpaHC(J)opMaTopoB HanpaHceHHa npaKTHaecKH 
aBAaeTca hh.htohcho Maaoft no cpaBHeHHio c Mom- 

HOCTbK) CHCTeMbl, K KOTOpoS OHH npHKAfOaafOTCH. 
riepBHaHoe HanpaaceHHe TpaHC^opMaTopoB Hanpa- 
aceHHa npaKTnaecKH He 38bhcht oř Harpy 3 K« bo 
BTOpHHHOft HenH H 33BHCHT TOAbKO OT HanpaHCe- 

hhh 3AeMeHTa CHCTeMu, k KOTopoMy npHKAioqeH 
TpaHC(J)opMaTop. K TpaHC<í)opMaTopaM Hanpaace- 
hhh npeA^HBAaeTca TpeÓOBaHHe óoAbuioň tohho- 
cth b noK33anHax HanpaaceHHň Ha BTopnaHofí cto- 
pOHe. ri03T0My OHH BbinOAHaiOTCa TaK, HTO HOp- 
MaAbHO paóoTaiOT b peacHMe HeHacumeHHoň aacTH 
xapaKTepHCTHKH. 

HoMHHaAbHaa Harpy3Ka BTOpnaHOň uenn AaeT- 
ca b BOAbTaMnepax. BcAeACTBHe OTHOCHTeAbHO 
MaAOň BeAHHHHU Harpy3KH BO BTOpHHHOň HenH 
HOpMaAbHbie yCAOBHH paÓOTU TpaHC<í>OpMaTOpa 
HanpajKeHHa óah3kh k ycAOBHHM xoaoctoto xoaa. 



ílorpeuiHOCTH. norpeuiHOCTH TpaHC(|>opMaTO- 
poB HanpaxceHna noApa 3 Ae./iHiOTCH Ha norpeuiHOCTH 
b HanpHHceHHH h norpeuiHOCTH b yr^e. 

KawAbift TpaHC<})opMaTOp HanpaHceHHa- HMeeT 
TaK Ha3bIBaeMblň HOMHlřa.!IbHbIÍÍ K03$H- 
uh6ht TpaHC^opuaQHH, KOTopbiň npeA- 
CTaB^aeT co 6 ofl OTHomeHHe nepBHHHoro hcmh- 
Ha^bHoro HanpaaceHHH ko BTopHHHOMy HOMHHa^b- 
HOMy HanpaMceHHio h ajih naHHoro TpaH(x|)op- 
MaTopa AB^aeTCH hoctohhhhm. 

ZlefiCTBHTeJIbHblft K03t{>HHHeHT Tp3HC(J)OpMaHHH 
He AB^aeTca CTporo nocTOHHHbíM h H3MeHaeTca 
B 33BHCHMOCTH OT Harpy3KH BO BTOpHHHOfl UenH, 
BeJIHHHHU nepBHHHOrO Hanpa3K6HHH H T. a. noa 
AefiCTBHTe^bHblM K03(j)HLlHeHT0M TpaHCí^OpMaUHH 

noj.pa3yMeBaeTca othohichhc AeňcTBHTeabHbix Ha- 
npaaceHHft: nepBHHHoro ko BTopmiHOMy. 

FIpoueHTHoe OTKJiOHeHHe AeňCTBHTeabHoroHa- 
npaaceHHa un ot bcjihhhhu, noayHaeMOfi Ae^eHHeM 
nepBHHHoro HanpaHceHHa Ui na HOMHHajibHbiň K03- 
(J)HHHeHT TpaHC^OpMailHH flti hom > H33blB<16TCH II 0“ 
rpeuiHOCTbio b aanpaxeHHH TpaHccfiopMa- 
Topa. Be^HHHHa 3 toA norpeniHOCTH onpeAP^iaeTca 
<|)OpMy^oft 

„ _ Ui 

• 100- (IH.56) 

n H HOM 

TpaHc4>opMaTop HanpaHceHHa HMeeT n o r p e m- 
HOCTb b y r a e S; iioa yn/iOM § noHHMaeTca yroA 
caBHra 4>a3 BTopHHHoro HanpaHceHHa no OTHOine- 
hhk) k nepBHHHOMy, corjiacHO BeKTopHOfi AwarpaM- 
Me (Jmr. 111,71. 

riorpeiuHOCTb b ywe H3MepaeTca b MHHyTax 
H CHHTaeTCH nOAOHCHTeAbHOft, eCAH BeKTOp BTOpHH- 
hoto HanpaHceHHa con/iacHO 4> Hr - HI, 71 onepe- 
xcaeT BeKTop nepBHHHoro HanpaiKeHHa, h OTpnna- 
Te^bHOň, ec ah BeKTop BTopHHHoro HanpaHceHHa 
OTCTaeT ot BeKTOpa nepBHHHoro HanpaHceHHa. 

KOHCTpyKHHH TpaHC(j)OpMaTOpOB HanpHiKe- 
HHfl. KOHCTpyKUHH TpaHCťpopMaTopoB HanpaHceHHa 
BecbMa pa3H006pa3!Hbi. OnHCaHHenxHe bxoaht b 
oó^eM HacToameň khhth. HeoóxoAHMO TOAbKO ot- 
MeTHTb npHHUHnna^bHUe OCOĎeHHOCTH KOHCTpyK- 
naft TpaHC(|)opMaTopoB, HMeiomne cymecTBeHHoe 
3HaneHHe aab neAeň 3auiHTH, a HMeHHo: 

1) TpaHC(J)OpMaTOp MOHCeT 6blTb OAHO<|>a3HhIM 
HAH TpeX(|)a3HHM; 

2) TpaHC4>OpMaTOp MOHCeT ČbITb BbinO^IHeH 
AByXOĎMOTOHHblM HAH TpeXOĎMOTOHHblM; 

3) TpeX<j)a3Hblfi TpaHC(})OpMaTOp MOHCeT ÓblTb 
TpexCTepjKHeBbíM hah neTbipex- h naTHCTepHCHe- 

BbíM; 

4) TpaHC^OpMaTOp MOHCeT ÓblTb KaCKaAHblM ; 

5) BMecTO TpaHc4>opMaTopa MoryT óbiTb ncnoAb- 
30BaHbi eMKOCTHbie AeAHTeAH HanpaHceHHa c npn- 
MeHeHneM cneimaAbHbix AonoAHHTeAbHux npncno- 
coóAeHHň. 

Hub nepBHHHbix HanpaaceHHii ao 35 kV TpaHC- 


4>opMaTopw HanpaHceHHa BbinoAHaioTCH Tpex$a3- 
HblMH Hnu OAHO$a3HbIMH. 

Jbia nepBHHHbix HanpajpeHHft Bbíme 35 kV 
TpaHC(|)opMaTopu HanpaHceHHa BbinoAHHioTca, xax 
npaBHAo, OAHo4>a3HbiMH. Tpex4>a3Hbie TpaHCťfiop- 
MaTOpU AA3 T3KHX BblCOKHX H3npaHCeHHň HMeAH 
6bi qpe3BbmaňHO óoAbmne pa3Mepbi, hto 3HanH- 
Te^IbHO 33TpyAHHJIO 6 h HX CÓOpKy H TpaHCnopTH- 
poBKy. KpoMe toto OAHOBpeMeHHoe noBpeacAeHHe 
AByx h TeM 6o^ee Tpex $a3 OAHO(})a3Hbix TpaHC- 
4>opMaTopoB HB^aeTca Ma^o BepoaTHbíM. FloaTOMy 
b KanecTBe pe3epBa AOCTaTOHHo HMeTb oany (J)a3y 
BMecTO noJiHoro Tpex4>a3Horo TpaHCi^opMaTOpa, 
HTO AaeT 3KOHOMHJO B KanHl aJIbHblX 3aTp3TaX. 



4>Hr. 111,72 npHHUHnHaabHaa cxeMa KacKaanoro 
TpaHCípopMaTopa nanpsi®eHnfl. 


KacKaaHUMH : Tpanc^opMaxopaMH Hanpa- 
xceHHH Ha 3 HBaioTCfl TpaHc<})opMaTOpu, BbinoaHeHHbie b BH^e 
HecKOJibKHX noc.iea.oBaTe.ibHO coeamieHHbix 3BeHbeB ((Jmr. 
111,72), Me»<ay kotopumh paBHOMepHo pacnpeae.Tíieicíi 
H3Mepsieii«)e HanpaHceHHe nepBHiHoft nenw. Kawaoe 3BeHo 
npeflCTaBJíaeT coďoh aBTOTpaHCi^opMaTop c oĎmotkoh, Ha- 
MOTaHHoři Ha 3aMKHyTbiží CTaJibHoii cepaeiHHK. 

riepBHHHafl oĎMOTKa B^pxHero 3Bena npHcoeaHHflercji 
k saeMeHTy nepBHHHOň uenH, HanpmKeHHe KOTopoft H3Me- 
paeicfl. nepBHHHaji o6motk3 HHJKHero 3JieMenTa npHcoean- 
imeTCíi k 3eMJie. Cepeanna oďmotkh Kaataoro 9.ieweHTa 
coejiHHfleTCíi c CTaabHHM cepaeiHHKOM, noaTOMy MaKcn- 
MaabHaa pa3H0CTb noTeHUHaaoB neseny npaen oómotkh h 
cepAeiHHKOM cocTaBJíaeT Toabieo noaoBHHy HanposceHHS, 
npHxoA»merocfl Ha oaho 3Beno. Ha HHScHeM cepaeHHHKe Kpo¬ 
Me nepBHÍHOH OÓMOTKH HMeeTCfl BTOpHMHaa OÓMOTK3, K 
KOTOpOÍi H npHCOeflHHAIOTCH OÓMOTKH HanpfllKeHHH H3MepH- 
TejibHbix npnóopoB h.ih peae. A jih BupaBHHBannH HepaBHo- 
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MepHoro pacnpeaejieHHH HanpnxceHHH Me^uiy 3BeHbHMH, 
nojiy^aiomerocH 3a cqeT pa3MarHH4HBaiomero AeScTBHH Ha 

HH5KHHH CepfleqHHK TOKa Harpy3KH BTOpHMHOH OÓMOTKH, 

qacTH nepBHqHoft oómotkh OTflejibHbix 3BeHbeB coeflHHHioT- 
ch HaBdpeqy apyr apyry. OcjiaóJieHHe MarHHTHoro noTOKa 
b hh>kh6m cepaeqHHKe KOMneHCHpyeTCH aonojiHHTejibjbíM 
no^MarHnqHBaHHeM ot flpyroro, óojiee CHJibHO HaMarHHneH- 
noro 3BeHa h t. a., qeM j^ocinraeTCH paBHOMepHoe pacnpe- 
flejieiiHe nepBHqHoro HanpHiKeHHH Meacay 3BeHbHMH. Koh- 
•CTpyKUHH COBpeMeHHbIX KacxajiHbix TpaHC4>OpMaTOpOB Becb- 
Ma pa3HOo6pa3HW. no cpaBHeHHio c HopMajibHbíMH TpaHC$op- 
MaiopaMH HanpaxceHHH ohh HMeioT MeHboiHe pa3Mepbi h Bec. 

TaM, rae «e TpeóyeTca ocoóaa ToqHocTb b 
K03(J)HUHeHTe TpaHC(J)OpMaUHH, BMftCTO TpaHC<j)Op- 
MaTOpOB HanpajKeHHH MoryT 6biTb npHMeHeHbí 
eMKOCTHue AejiHTejiH HanpaaceHHH. B Ka- 
MecTBe eMKOCTHHx AejiHTejiefi HanpaxceHHa hc- 

ITOJIb3yiOTCH KOHAeHCaTOpHbie BTyjIKH BblBOAOB 
BbiKJiioaaTejieň c npnMeHeHHeM cneitnajibHbix ao- 
nojiHHTejibHbix oÓKjiaaoK, OTaeaHiomHx nocaeaHHň 
cjioh BbiBOfla ot .BHeuiHeň oÓKaaAKH BHBoaa, 3a- 
3eMJieHHoň «a xopnyc 6axa BbiKjnoqaTejia. 

UjIH yMeHbUieHHH BJIH3HH5I BejIHHHHbl h xapax- 
Tepa BTopHHHofl HarpyaKH 'bo btophhhoů «enH ae- 
jiHTejieň 'HanpHJKeHHH iHa TOHHOCTb wx paóoTbi 'no- 
cjieaHHe cHa6}KaK)Tca cneHHajibHMMH aooiojiBHTejib- 
RblMiH y C Tp OHCTB a M H, COKpaiHeHHO Ha3blBa€MbIMH 
IIHH (noTeHHHajibHbie W3 mc pare jih HanpaaceHHa 
[JI. 3], 

23. CXEMbl COEflHHEHHfl TPAHCGOPMATOPOB 
HAÍ1PÍDKEHHÍI 

fljia yaoócTBa aHa;iH3a cxeM coeaHHeHHn TpaHC- 
4>opMaTopOB HanpaaceHHa h cxeM BKJisoqeHHa ue- 
neň HanpaaceHHa pejie 3aui,HTbi npeaBapHTeabHO 
npHBe^eHO HecKOJibKo ochobhhx nofloacemiii, ko- 




4>hi\ 111,73. Cnocoó coeAHHeHHa oómotok TpaHC<j»op- 
MaiopoB HanpflHceHHa no cseMe 3Be3Aa-3Be3aa. 

Topue óyayT npaHHMaTbca npH paccMOTpeHHH 
Bcex cjiyaaeB coeaHHeHHň. Sthmh ochobhhmh 
rioJio*eHHaMH aBJíaioTCa cjieayiomHe: 

1. FlepBHqHbie oómotkh TpaHC(J)opMaTopoB, 
BKJiicqaeMbix Ha (J>a3Hbie HanpaHteHHa no cxeMe 
3Be3aa-3Be3ji,a, Bceraa coeaHHsiioTCH caeayiowHM 
oópa30M: Haqajia oómotok npHcoeaHHaioTCH k co- 
OTBeTCTByiomHM <J>a3aM ochobhoS ceTH, a kohhu 
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oómotok coeAHHaioTca b oómyio HyjieByio Toqxy 
corjiacHO <[)Hr. III, 73. 

KoHUbl BTOpHHHHX OÓMOTOK TaKHCe COeAHHH- 
iotch b oómyio HyjieByio Toqxy, a Haqajia oómo- 
TOK BHB0A3TCH AAH' IipHCOeUHHeHHH K HHM npH- 

óopoB, hjih pejie. HanMeHOBaHHa <£a3 bmboaob ot 

BTOpnqHblX OÓMOTOK COOTBeTCTByiOT HaHMeHOBa- 
HHK) 4>a3 OCHOBHOÍÍ CeTH, K KOTOpUM IIpHCOeAH- 

hhiotch Haqajia cooTBeTCTByiomHX neppHqHbix 

OÓMOTOK. 

2. rlepBHqHbie oómotkh TpaHC<J>opMaTopoB, 
BKAtoqaeMux Ha jiHHeňHbie HanpaHceHHa no cxeMe 
TpeyrojibHHK, Bceraa npHCoeAHHHHjrca Tax, hto 
H aqajia Bcex oómotok npHcoenHHaioTCH k coot- 
BeTCTByiomHM 4> a3aM ochobhoř ceTH, a kohuu 
oómotok npHCoeflHHaiOTCH k HaqajiaM OÓMOTOK 
<jieayiomHx <[>a3 b iíhkjihh6ckom nopa^Ke. 

Haqa^a h kohuh BTopHHHbix oómotok coeaH- 
HHIOTCa TOHHO B TaKOM *e nopHUKe, HTO H nep- 
BHHHbie OÓMOTKH. Ot OÓHIHX TOqeK OTBOaaTCH 
npoBoaa ajih npHCoeaHHeHHH npnóopoB h peae. 
HariMeHOBaHHe sthx npoBoaoB cooTBeTCTByeT 
HaHMeHOBaHHio (J>a3 nepBHqHoň u,enH, k kqtophm 
npHcoeaHHeHbí Haqajia cooTBeTCTByiomHX nepBHq- 

HblX OÓMOTOK. 

3. ycjioBHoe nojio>KHTejibHoe HanpaBjíeHHe na- 
npHHceHHft Ha 3aHCHMax btophhhux oómotok bh- 
ÓHpaeTCH coBnaaaromHM c tokom bo BTopHqHoň 
u,enH BHe oómotkh TpaHccJiopMaTopa. ycjioBHoe 
nojioacHTejibHoe HanpaBaeHHe HanpHHceHHH Ha 3 a- 
HCHMaX .nepBHHHblX OÓMOTOK BHÓHpaeTCH COBna- 
aaromHM C TOKOM BHyTpH nepBHHHMX OÓMOTOK 
TpaHC<})opMaTopa. 

npH yKa3aHHbix nojioacHTeJibHbix HanpaBaeHHHx 

npHÓJiHHceHHO, npeHeóperaa nOTepaMH, mojkho 

74. npaBHJibHaa cxeMa bkjhohchhh TpaHC(})OpMaTopa Hanpn- 
npHÓopoB no cxeMe 3Be3jia-3Be3Aa ajih 3aMepa HanpínKeHml 
npH Bcex BHflax noBpexcAenHH b ceTH. 



CMHTaTb, ^TO BeKTOp BTOpHtfHOrO HanpHHCeHHH 
coBna^aeT no (J)a3e c bgktopom nepBHnHoro Ha- 
npsnkeHHH (<|)Hr. 111,70) h paBeH ero BejiHHHHe, 
npHBeaeHHOft KO BTOpHHHOft OÓMOTKe. 

CxeMa coeaHHeHHH TpaHc^opiviaTopa Hanpn- 
MceHHH 3Be3aa-3Be 3aa. CxeMa 3Be3aa-3Be3aa mo- 
HCeT ÓMTb BbinOJIHeHa TpeMH OAHO(J)a3HbIMH TpaHC- 
<J)OpMaTOpaMH HJIH OAHHM Tp ex4>a3HHM TpaHC(|)Op- 
MaTOpOM. 

OaHO())a3Hbie TpaHC^opMaTOpM. npH coeaH¬ 
HeHHH nepBHHHOfl H BTOpHHHOň OÓMOTOK TpeX 



OAHO<j)a3Hux TpaHC<t>opMaTopoB HanpaaceHHH b 
3Be3^y a-kh npaBHXbHoro 3aMepa $a3Hbix Hanpa- 
HceHHň CHCTeMH no OTHomeHHio k 3eMJie HeoĎxo- 
AHMO HM6Tb: 

1) HyjieByio TOHKy nepBHHHoft oďmotkh, 3a3eM- 

jieHHOň Harxyxo; 

2) HyxeByio TOHKy btophhhoS oďmotkh, cbh- 
3aHHoň >iepe3 npoBOA hxh 3eMxio c HyxeBofi toh- 
KOň, BKJiioHeHHoň b 3Be3Ay Harpy3KH. 

3a3eM^eHne btophhhhx oďmotok, noica3aHHoe 
na <|>Hr. III, 74, hcoďxoahmo TOXbKo axh oĎecne- 
qeHHa 6e3onacHOCTH oĎcxyacHBaiomero nepcoHaxa. 
FIpH Taxofi cxeMe BKxioqeHHH TpaHC<|)opMaTopoB 
HanpaaKeHna npn xjoďhx peacHMax sxeKTpHHecKoň 
CHCTeMH npHĎopu hxh pexe, BKjnoaeHHHe Ha 4>a3- 
Hue' HanpaaceHHH btophhhoA oďmotkh, Bcer^a 
npaBHXbHO 3aMepaT <f>a3Hbie HanpaaceHHH chctcmu 
no OTHomeHHio k 3eMxe. 

HeoóxoAHMOCTb 3a3eMaeHHa HyxeBOfl tohkh 
nepBHHHoň oďmotkh h HaxHHHa nyxeBoro npoBOAa 
BO BTOpHHHOň OĎMOTKe MOHCHO yHCHHTb H3 CXe- 
Ayiomero. ,Z3[onycTHM, hto b cxeMe (J)Hr. 111,74 
OTcyTCTByeT 3a3eMxeHHe HyxeBOň toukh nepBHH- 
HOň oďmotkh. Toi\aa nepBHHHbie oďmotkh TpaHC- 
<})opMaTopa HanpaaceHHH npeACTaBxaioT coĎoň no 
OTHOUieHHK) K CHCTeMe CHMMeTpHHHyiO Harpy3Ky 
C COnpOTHBXeHHHMH Ha Kaac^yio <j)a3y Z-mi °6pa- 
3yiOfflHMH HCKyCCTBeHHyiO HyxeByiO TOHKy STOft 
CHCTeMH. 3Ta HyxeBaa tohk3 xeacnT b ueHTpe 
THHcecTH TpeyroabHHKa xHHeftHbix HanpaaceHHS 
CHCTeMH (cjmr. III, 75). 

HanpaaceHHH MeacAy stoíí HyxeBoft TOHKoň h 
K aacAoň 4> a3oň CHCTeMti MoryT ĎHTb onpeAexeHH 
H3 cxeAyiomHX cooTHomeHHň: 


0 Ah = Uab + Uac , 

(111,57) 

,’r Ůba + ÚBC 

U Bíi~" g 9 

(III, 58) 

r r &CB + ŮcA 

U C H= 3 

(III, 59) 


TO npH OAHO$a3HOM 3aMHK3HHH Ha 3eMXK> B CH" 

CTeMe pa3H0CTb noTeHunaaoB Meacxy HyxeBofi 
TOHKoň TpaHC<|)opMaTopa h 3a3eMaeHHoň <J>a 3 oft 
CHCTeMH paBHa Hyxro. CxeAOBaTexbHo, Hanpaace- 
HHe Ha noBpeac^eHHoft cj)a3e nepBHHHoň oďmotkh 
TaKHce paBHo Hyxio. Torxa h Ha BTopnHHoň oď* 
MOTKe stoS ace (J>a3bi HanpaaceHHe ĎyAeT paBHo 
Hyxio. B sthx ycxoBHax 4>a3Hue HanpaaceHHH 
CHCTeMH no OTHomeHHio k 3eMxe 3aMepaioTCH 
npaBHXbHO. 

Tenepb npeAnoxoacHM, hto HyxeBaa tohk 3 
nepBHHHoft oďmotkh TpaHC<|)opMaTOpa Hanpaace- 
hhh (jjnr. 111,74 3a3eMxeHa, a HyxeBOft npoBOA co 

CTOpOHH BTOpHHHOň OĎMOTKH OTCyTCTByeT. IlpH 
paccMOTpeHHH Tex ace ycxoBHň OAHO(|>a3Horo 3a- 
MHKaHHH Ha 3CMXI0 CHCTeMH BĎXH3H yCT3H0BKH 
TpaHC<|»opMaTopa . HanpaaceHHH ĎyaeM HMeTb Ha¬ 
npaaceHHe Ha noBpeacaeHHOň <})a3e nepBHHHoň 
OĎMOTKH TpaHC(j)OpMaTOpa paBHHM HyXK). JlHHefi- 
Hue HanpaaceHHH ocTaxncb HopMaxbHHMH. <í>a3- 
Hue HanpaaceHHH AByx HenoBpeacaeHHbix (|>a3 
yBexHHHXHCb ao 3 HaaeHH& AHHeňHbix Hanpaace- 
hhS (íf)Hr. 111,76). IIoa AeftCTBHeM sthx Hanpa- 
HCeHHft B nepBHHHblX OĎMOTKaX Tpa«c4)opMaTopoB 
HenoBpeacfleHHHx (J)a3 npoAoaacaiOT npoTeKaTb 
tokh, oĎycaoBaHBaiomHe HaaHHHe HanpaaceHHft 
Ha CTopoHe BTopnHHHx oďmotok sthx ace (|)a3. 

ripn OTcyTCTBHH HyaeBoro npoBOAa tokh bto- 
Phhhhx oďmotok HenoBpeacjieHHHx 4> a3 TpaHC- 
4>opMaTopa HanpaaceHHH mo- 
ryT 3aMHKaTbca ToabKo nepe3 f 



IlpeAnoaoacHM a aaee, hto CHCTeMa HMeeT H30- 
aHpoBaHHyro HyaeByio TOHKy h npoH3oniAO oaho- 
4>a3HOe 33MHKaHHe Ha 3eMAK) $a3bl A BĎáH3H 
ycTaHOBKH TpaHC<|)opMaTopa HanpaaceHHH. Hanpa- 
aceHHe 3a3eMaeHHo8 $ a3bI n0 OTHomeHHio k 3eM^e 
ĎyAeT paBHbíM Hyaio. B to ace BpeMa anHeňHbie 
HanpaaceHHH CHCTeMbi MoryT oCTaBaTbca HopMaab- 
HblMH H CHMMeTpHHHHMH. ToTAa COrAaCHO (111,57), 
(111,58) h (111,59) Ha KaacAoS <J)a3e nepBHHHoň 
oďmotkh TpaHC(J)OpMaTOpa‘ HanpaaceHHH npoAoa- 
»aeT OCTaBaTbca HanpaaceHHe, paBHoe HopMaab- 
HOMy <j)a3HOMy HanpaaceHHio. CAeAOBaTeabHO, Ha 
KaacAoň $a3e btophhho 8 CTopOHM TpaHC(J)opMa- 
TOpa HanpaaceHHH Tanace ĎyAeT 3aMepaTbca Ha¬ 
npaaceHHe, paBHoe HopMaabHOMy 4>a3HOMy Ha- 
npaaceHHio cncreMbi. 

Ecan ace HyAeBaa tohk 3 nepBHHHoň oďmotkh 
T paHC^opMaTopa HanpaaceHHH 3a3eMAeHa Harayxo, 


<řHr. 111,75. OnpeflejieHHe Ha- 
npd»(eHHH 4>a3 chctcmu no ot- 
H0UI6HHK) k ee HyjienoH toskc. 


4>Hr. 111,76. BeKTopiiaí) jh- 
arpaMMa Hanpa»<eHHÍi npn 
0AH04>a3H0M 3aMUKaHHH 
Ha 3CMJIIO B CHCTeMe C H30- 
jiHpoBariHoft nyjieBOH toi- 
KOH. 


oĎMOTKy noBpeacAeHHoň 4>a3bi, co3AaBaa TeM ca- 
mhm pa3HOCTb noTeHUHaaoB Ha ee KOHuax. 

9Ta pa3HOCTb noTeHunaaoB ĎyAeT 3aMepHTbca 
npnĎopaMH h pexe, BK ijoneHHHMH na noBpeacAeH- 
Hyio <i>a3y. TaKHM 0Ďpa30M, b to BpéMa KaK $ a 3- 
Hoe HanpaaceHHe Ha nepBHHHoň CTopoHe no- 
BpeacAeHHoň <j)d3bi no OTHomeHHio k 3eMxe paBHo 
Hyxro, npHĎopbi h pexe, BKxroneHHbie Ha btophh- 
Hyio oĎMOTKy STOň ace 4> aa bi, 3aMepaioT Hanpa¬ 
aceHHe, He paBHoe Hyxio. 

CxeAOBaTexbHO, <jía3Hbie HanpaaceHHH CHCTeMH 
no OTHOuieHHio k 3eMxe 3aMepaioTca HenpaBHXbHO. 
npH HaxBHHH HyxeBoro npoBoxa sth HanpaaceHHH 


119 



6 yayT 3aMepaxbCH npaBHjibHO, KaK 6 bi.no yica3aHO 
b blíne. 

Ilpn pa336M^ieHHH Hy^eBofl tohkh nepBHHHOň 
oómotkh hjih npn OTcyTCTBHH Hy^eBoro npoBona 
Ha BTOpHHHOfl CTopoHe TpaHC<i>opMaTOpa npnóopbl 
H pe^e, npHCOeflHHeHHHe KO BTOpHHHOft OĎMOTKe, 
3aMepaiOT HanpaxceHHe TO^bKO no^OHCHTe^ibHoň 
h OTpHiiaTe^bHOň nocjienoBaTe./ibHOCTeň. IloaTOMy 
npaBH^bHue noKa3aHHa npndopoB h;ih padoTa 
pěně npn TaKOM cnocode BKAioqeHHH odecnenH- 
BaiOTca To.ibKO npn Me>KAy4>a3Hbix nOBpeacneHHax, 
He CBH3aHHbix c 3eM^eň. 



4>Hr. III, 77. CxeMa ojiho- 
4>a3Horo 3aMWKaHHH Ha 
3eMJIK) B CHCTeMe C H30JIH- 
pOBaHHoii HyjieBOH Toq- 
KOH. 



Tpex(j>a3Hbie TpaHC<j>opMaTo,pbi. Bce 
CKB3aHHoe o HeodxoAHMocTH 3a3eM^eHna Hy^eBoň 

TOHKH nepBHHHOň OĎMOTKH H HajIHMHH HyJieBOrO 
npOBOaa BO BTOpHMHOfl OĎMOTKě A-fiH 04.H0(pa3HbIX 
TpaHC^opMaTopOB b paBHoft CTeneHH othochtch 
H K Tpex4>a3HbIM TpaHC<í)OpMaTOpaM. 

Tpex(|)a3HHe TpaHCíJiopMaTopbi HanpaaceHHa 
HcnoaHaioTca TpexerepjKHeBbíMH h aerapex- hjih 
naTHCTepJKHeBHMH. TpexcTepMCHeBOfl TpaHC<|>op- 
MaTop 3aMepa 4>a3HHx HanpaxceHHii no ot- 
HomeHHio k 3eM^e npHMeHaTb Henb3a, Tax xax 
oh 3aMepaeT hx HenpaBHAbHO n xpoMe Toro mo- 
HceT Heno nycTHMO neperpeBaTbca. JteflcTBHTe^bHO, 
AonycTHM, mto b ceTH c He3a3eM^eHHOň HyneBOň 
tohkoř (4>«r. III, 77) munoneH TpexcTepxoieBoft 
Tpex<f>a3Hbiň TpaHC^opMaTop HanpaaceHHH. Ilpn 
3aMbiK3HHH Ha 3eM./iK), HanpHMep, $a3bi B Hanpa- 
xceHHe Mencny Hy/ieBOň tohkoů nepBHHHOŘ 06 - 
motkh TpaHC$opMaTopa HanpHMteHHa h 3a3eMJieH- 
Hoft' 4>a30ři B ceTH 6y.neT paBHo Hyjno, b to BpeMH 
iok HanpaaceHna AByx HenoBpeacneHHbix <J>a3 A 
h C yBe^naaTca no AHHeňHbix HanpHHceHHÍi. Ha 
<Í>Hr. 111,76 óbina noxasaHa BexTOpHaa nnarpaMMa 
HanpaaceHHfl ceTH aah naHHoro c^yaaa. ťlon neftcT- 
BHeM TOKOB, 06yC./I0B.neHHbIX HanpHJKeHHHMH 
HenoBpeHtneHHMx <j>a3, b cepneaHHxax HenoBpeac- 
AeHHbix (J»a3 A h C TpaHC(J)opMaTopa (Jiht. 111,77 
HaBOAHTca MarHHTHuň noTOK, b f/3 pa3 ĎOAbniHfi 
HopManbHOro. Oh 3aMUKaeTca aepe3 xoacyx TpaHC- 
4>opMaTopa h B 03 nyx h aepe3 cepneaHHK <J>a3bi B, 
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3a3eMneHHoft b ceTH. B npenene MarHHTHuň noTOK 
b cepneaHHKe <J>a3bi B moxcct nocTHraTb yrpoeH- 
Hoň Be./IHHHHbl npOTHB HOpMaHbHOrO. 3tot Mar- 
HHTHblft nOTOK HaBOAHT 3. A. C. B OĎMOTKaX Cep- 
nenHHKa <J>a3bi B, H3 KOTOpbix nepBHHHaa aBAaeTca 
3aKoponeHHoň nepe3 MecTO 3a3eMAeHHH 4>a3bi b 
ceTH h 333eM^eHHe HyaeBoft tohkh TpaHCíJiopMa- 
Topa. TaxHM o6pa30M b nepBHHHbix oSMOTKax 
Bcex Tpex 4>a3 TpaHC(J)OpMaTOpa, a oco6chho b 
4>a3e B, B03HHKHyT tokh Bbinie HopManbHux, ne- 
perpyxcaiomHe TpaHC(|»opMaTop h Bbi3UBaiomHe 
ero neperpeB. Bo Bcex 4>a3ax btophhhux o6mo- 



HanpaHceHHa, He paBHwe Hyjno. 

C^enoBaTe^íbHo, (})a3Hbie HanpaHceHHH ceTH no 
OTHOineHiÍK) k 3eM^e c noMombio TpexcTepHCHe- 
Boro Tpex$a3Horo TpaHCiJiopMaTopa 3aMepaiOTCa 
HenpaBHJibHO. Bji a rtpaBHJibHoro 3aMepa 3thx Ha- 
npaxceHHň b jnoóbix yc^OBnax Tpex4>a3Hbi8 TpaHC* 
4>opMaTop no^íHceH 6biTb qeTHpex- hhh naTHCTep- 
xcHeBbíM. Ha 4>Hr. 111,78 noxa3aH Taxoň TpaHC- 
(JiopMaTop. MarHHTHHe noTOKH 4>a3 A h C b pa- 
3o6paHHOM Bbiuie cjiynae onHO(|)a3Horo 3aMHKaHHa 
Ha 3eMHio 4>a3bi B b ceTH óynyT b ochobhom 
3aMMKaTbca «iepe3 BcnoMoraTenbHbie qeTBepTHft 
h naTbiň cepneHHHKH. TaKHM o6pa30M b oďmot- 
xax (J>a3bi B TpaHC<i>opMaTopa He óyneT HaBo- 
AHTbca 3. n. c., h nanpaaceHHe Ha btophhho8 
oÓMOTxe (|)a3bi B 6y.neT paBHbíM Hyjno. C^enoBa- 
TeAbHO, (}>a 3 HHe HanpaxceHHa ceTH 6ynyT 3aMe- 
paTbca npaBHAbHO. 

Bonee CTporoe noxasaTe^bCTBo BHCKa3aHHbix 
Bbuue nojioaceHHft moxcho nonynHTb nyTeM pa3- 
AOxceHHH neňCTByiomHX tokob h MarHHTHUx no- 
TOKOB Ha CHMMeTpHHHUe COCTaBAHIOmHe. 

ZleňCTBHTeAbHO, npH 3aMUKaHHH Ha 3eMJIK) 
onHoň 4>a3bi b CHCTeMe (|)Hr. JII,77 nepe3 nep- 
BHHHue oďmotkh TpaHC(J)opMaTopa noreKyT b 
3eMAK) TOKH HyAeBOň nOCAenOBaTeAbHOCTH /„, 
paBHbie no BeAHHHHe h coBnanaiomne no 4»a3e. 
CocTaBAHiomne HyneBoň noc^enoBaTenbEOCTH no- 
tokob b KaacnoM H3 CTepxcHeň TaKHte paBHbí 



no BeaHHHHe h coBna^aiOT no <|>a 3 e. ByayiH Ha- 

npBB^ieHHblMH B OflHy CTOpOHy, nOTOKH <ř 0 BHHyMC- 
jeHbí 3 aMbiKaTbcn nepe 3 B 03 ayx h Koacyx TpaHC- 
4 )opMaTopa. BcaeacTBHe Toro hto npeofiaaaaio- 
maa nacTb 4> 0 3 aMbiKaeTca nepe 3 B 03 ,nyx, peax- 
THBHoe conpoTHB^ieHHG HyaeBoíi nocaeaoBaTeab- 

HOCTH OĎMOTOK TpaHC(J)OpMaTOpa RASI TOKOB Hy- 

aeBoft noc^ieAOBaTejibHOCTH 7 0 Maao h sth tokh 
MoryT AOCTnraTb óoabinoň BeaHHHHH, Bbi3biBaa 
onacHHň neperpeB TpaHccJiopMaTopa. 

ripn Ha^HHHH neTBepToro cepAenHHKa cocTaB- 
^aiomne hotokob HyaeBofi nocaeAOBaTeabHOCTH 4> 0 , 
HaBeACHHbie tok3mh 7 0 b Tpex ochobhmx CTepac- 
hhx, 3aMUKaioTCH He nepe3 B03j.yx, a nepe3 cTaab 
neTBepToro cepaeHHHKa. PeaKTHBHoe conpoTHB- 
aemie HyaeBoíi nocaeaoBaTeabHocTH oďmotok 
TpaHc4>opMaTopa npn stom BeaHKO, BcaeacTBHe 
aero BeaHHHHa tokob nyaeBoň nocaeaoBaTeab- 
HOCTH 7 # COOTBeTCTBeHHO yMeHbfflaeTCH H He MO- 
aceT Bbi3B3Tb onacHoro neperpeBa TpaHC<})opMa- 
Topa. MeTbipex- h naTHCTepacHeBHe TpaHCťpopMa- 
Topbi npHHLuinuayibHO apyr ot ^pyra He OTan- 
naioTCH. riaTbiň CTepaceHb npettycMaTpHBaeTCH, 
HCXOAfl TOabKO H3 ycaOBHň CHMMCTpHH. O H3JIH- 
HHH H HCn0ab30B3HHH O0MOTOK, paCnoaOHCeHHbIX 
na BcnoMoraTe^ibHbix cTepacHax h 33 MKHyTHx Ha 
npHĎop (3 U 0 ) 4>Hr. 111,78, CKa3aHO mince. 

CxeMbi coeAHHeHHa TpaHCtjjopMaTopOB Ha- 
npaiKeHHn jvih noayneHHH HanpaHíeHHa Hyaeeoň 
nocjiea.OBaTejibHOCTH. noayneHHa cocTaBamo- 
meň HanpaaceHHa HyaeBOň nocaenoBaTeabHOCTH 
mohcho Hcnoflb30BaTb o4Ho4>a3Hue Han Tpex<|)a3- 
Hwe TpaHC(J)opMaTopbr HanpaxceHHH. 

EcaH npHMeHHIOT TpH OAHO$a' 3 HbIX TpaHC(J)Op- 
Mai-opa HanpajKeHHa, to hx coeaHHaioT no cxeiae 
<í»Hr. 111,79. riepBHHHHe oďmotkh Bcex Tpex (j)a 3 
coeAHHaioT b 3 Be 3 Ay, a BTopnaHbie oďmotkh — no- 
caeAOBaTeabHO pa 30 MKHyTHM TpeyroabHHKOM. 
npHóopbi Han peae, BK^ioHeHHbie Ha CBofioAHbie 
ICOHUbl pa 30 MKHyT 0 T 0 TpeyrOabHHKa BTOpHHHHX 
oďmotok, 3 aMepaioT yTpoeHHyio BeamiHHy cocTaB- 
asnomeft HanpaaceHHH HyaeBofi nocaea,OBaTeabHO- 
CTH. 

B HOpMajibHbix ycaoBHax nan npn Meac,zty4>a3- 
Hbix noBpeacAeHHHX cocTaBaaromasr HanpaaceHHa 
HyaeBofi nocaeaoBaTeabHocTH TeopeTHaeckn paB- 
Ha Hyaio. ripaKrHHecKH ace b SoabniHHCTBe cay- 
naeB HMeeTca HeKOTopaa BeaHHHHa HanpaaceHHH 
HyaeBOĚ nocae,n,oBaTeabHocTH, He paBHaa Hyaio. 
Haarnnie stoto HanpaaceHHH b HopMaabHbix ycao- 
BHHX OČyeaOBaeHO OTH3CTH HeTOHHOň CHMMeTpH- 
eň caMoro TpaHC^opMaTopa HanpaaceHHH, a raaB-i 
hum oópa30M—HecHMMeTpneň 4> a3HbIX Hanpaace- 
hhh CHCTeMbi no OTHOuieHHio k 3eMae (cm. ra. I, 
§ 6). 3 to HanpnaceHHe HecHMMeTpHH, Ha3biBaeMoe 
HanpaxeHHeM HeóaaaHca, He npeBbímaeT 
oóbiHHO HecKoabKHx npoueHTOB ot HopMaabHoro. 

J(afl coea,HHeHHfl b pa30MKHyTbifi TpeyroabHHK 
He o6si3aTeabHO aoaacHH 6biTb Hcnoab30BaHbi ot- 
AeabHbie TpaHC^opMaTopu HanpnaceHHH. Haňte 


Bcero Aaa 9T0ň uean Ha cepAenHHK TpaHC(|)opMa- 
TOpa HanpflHceHHH HacaacHBaroT cnennaabHyio Tpe- 
Tbio oĎMOTKy. flaa noayHeHHH cocTaBaaionteň Ha- 
npaaceHHa HyaeBoň nocaeAOBaTeabHOCTH c no- 
Mombio Tpex(J>a3Hbix TpaHC^opMaTopoB Hanpaace- 
hhh HHorAa Hcnoab3yioTca BcnoMoraTeabHwe 
CTepacHH cepAeiHHKa <t>nr. III, 78. Ha KaacttOM 
BCnoMoraTeabHOM CTepacHe pacnoaaraeTca cne- 
UHaabHaa o6motk3. Ecan 3th oómotkh coea,HHe* 
Hbi nocaeAOBaTeabHO, to npn 3aMUKaHHH Ha 3eMaio. 
B CeTH Becb MarHHTHHň nOTOK, CO3AaHHH0 TOKa- 
mh b oĎMOTKax HenoBpeactteHHbix 4>a3, npoxoaK 
aepe 3 oďmotkh, HaMOTaHHue Ha CBOĎoaHbie erepac- 
hh, HaBoanT b hhx HanpHHceHHe ^HyaeBoň no- 

caeACÍBaTeabHOCTH. 




<I>Hr. 111,79. CxeMa bkjiio- 
H6HHH TpaHC(})OpMaTOpa 
HanpHxceHHH 3aMepa 

HanpHiKeHHH HyjieBoii no- 
CJieAOB3TeJIbHOCTH. 


<I>Hr. 111,80. CxeMa BOionenn^ 
flByx 0AH0(})a3Hbix TpaHC^opMa-- 
TOpOB HanpHHCeHHH B OTKpblTblji 
TpeyrojibHHK ajiíi 3aMepa jiHHeň- 
Hbix Hanpa^KeHHH h HanpaaceHHH 

4>a3 CHCTeMM.no OTHOineHHio k 

UVTTPRnH TflUKft. 


CxeMa coeAHHeHHa AByx onHo 4 >a 3 Hbix TpaHC- 
4 >opMaTopOB b OTKpbiTbiň TpeyroabHHK. Jlaa 
3aMepa ToabKO anHeftHbix HanpaHceHHft AOCTaTOa- 
ho HMeTb a.Ba oaHo4)a3Hbix TpaHC(})opMaTopa Ha- 
npaaceHHa, coeaHHeHHbix b OTKpbiTHň Tpeyroab¬ 
HHK ($Hr. III, 80). 

B caynae npHMeHeHHa Taxoft cxeMH k 3aacH- 
MaM peae npH aiočux peatHMax paSoTu chctcmh 
M oryT noABOAHTbca ToabKO aHHeŘHbie Hanpaace- 
Hna. ÍIpaBAa, eca« k TpeM npoBoaaM ot BTopna- 
HblX OÓMOTOK TpaHC(J)OpMaTOpa npHCOeaHHHTb TpH 
paBHHX conpoTHBaeHHH (HanpHMep, oďmotkh Tpex 
peae HanpaaceHHa), BTopwe kohum KOTopbix oóT)- 
éAHHHTb B OĎmyK) TOHKy, TO M05KH0 C03AaTb HC- 
KyccTBeHHyio 3Be3ay, HyaeBaa tohk 3 KOTopoft 
npeacTaBaneT HCKyccTBeHHyio HyaeByro TOHKy 
CHCTeMbi. 

C nOMOmblO 9T0ft MOa.H(j)HKanHH exeMU co* 
raacHO ypaBHeHHHM (III, 57), (III, 58) h (lil, 59)' 
MOHCHO 3aMepHTb HaiipaHCeHHe KaHCAOft no 

OTHOineHHio k nyaeBoň TOHKe chctcmm (hg. neb 
OTHomeHHio k 3eMae). 
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Bcjie^CTBHe npocTOTbi h rtenieBH3HH cxeMa c 
&ByMH OAHO(j)a3HHMH TpaHC(j)OpMaTOpaMH npHMe- 
HHeTCH He TOrtbKO ArtH H3MepeHHň, HO H rtrtH pe- 
jieňHoň 3amnTbi bo Bcex crtynaax, r^e juin paóo- 
tm 3amHTbi TpeóyioTCH m/ibKO jmneŘuhie Hanpa- 
^veHHH hjih HanpaxceHHH 4>a3 no oTHomeHHio 
K HyjIIO CHCTeMbl. 

flpH HeoĎxoiiHMOCTH 3aMepa Taxxce 4 )a3Hblx 
HanpnxceHHfi h HanpaxceHHft HyjieBoň nocrtertOBa- 
Te»/ibHOCTH wa CHCTeM HanpaxceHHeM ao 35 kV 

uiHpoKo HCno^b3yioTCH Tpex<f>a3Hbie naTHCTepxc- 
neBbie TpaHC(|)opMaTopH HanpnxceHHíi. 

24. CXEMbl BbiriOJIHEHHU MAKCHMAJlbHOft 
TOKOBOft HAnPABJÍEHHOň 3AlUHTbI 

BHno^HeHne cxeMbi MaKCHMartbHoň tokoboíí 
nanpaBJíeHHoň 3amHTbi onpeuertaeTca THnaMH bxo- 
uhiuhx b Hee pe.ae, cnocošoM BKrtioneHHH perte 
HanpaBrteHHH moiahocth, bhhom 3amHmaeMOft ce- 
TH H T. rt. riOBTOMy HHCrtO B03M0XCHbIX pa3HOBH£- 
HOCTeň cxeM 3am«TH BecbMa BertHKO. Hnxce b 
Ka^ecTBe npmviepoB paccMOTpeHbí HexoTopbie cxe- 
mh BbinortHeHHH 3aiuHTbi Ha oóopyrtOBaHHH X3M3, 
ocymecTBrteHHbie b cootbctctbhh c paccMOTpeH- 
HblMH Bbiuie COOÓpaHCeHHHMH. 

CxeMa c Tpex<j)a3HbiM perte HanpaBJíeHHH MomHocm, 
HMeřomHM yaep>KHBaiomyK) cwcTeMy HanpsmceHHH (4>nr. 
III, 81). CxeMa BKJiioqaeT cJieuyioiuHe pejie: 

1. nyCKOBOH OpraH 3 amHTbI 2 — MaKCH- 



<lHir. 111,81. FIojiHaH cxeMa BKJiioqeHHH KOMiuieKTa MaKCH- 
MajibHOH HanpaBjíeHHOH 3aiUHTM c Tpex(}>a3HUM pejie Ha- 
npaBjíeHHH moiuhocth, HMeiomHM yrtopHCHBaiomyK) cncTeMy, 
H nOCTOHHHblM nOABOAOM K HeMy HanpHXCeHHfl. 

2. OpraH HanpaBJíeHHH moiuhocth 3 — Tpextj)a3Hoe pejie 
moiuhocth THna MM-302, b kotopom HcnoJib30BaHa yaep- 
>KHBaiomaH CHCTeMa HanpínKeHHH, co3uaiomaji BpaiuaiomHH 
MOMeHT, yaepncHBaiomHH KOHTaKTbi pejie npn HopMajibHOH 

paÓOTe B 33MKHyTOM nOJIOHíeHHH. 

npyHCHHa CTpeMHTCH HX pa 30 MKHyTb (TpeTHfí cnocoó 
paÓOTM KOHTaKTOB — CM. TJI. III, § 13). PeJie BKJIIOHeHO no 
90° cxewe h pearnpyeT 3 a cqeT HajinqHH b uenn HanpHHce- 
hhh jioóaBoqHoro aKTHBHoro conpoTHBJíeHHH 5 mna By, Ha 
MomHOdb, nponopunoHajibHyio u p *i p *cos (<p p 4 - 45 °). 

npn B03HHKH0BeHHH noBpexuieHHH yAepHCHBaHne c pe- 
Jie CHHMaeTCH nOCpertCTBOM pa3MHKaK)IUHXCH KOHTaKTOB ny- 
CKOBbix opraHOB. Ecjih noBpextrteHHe h3xo^htch b 3 amH- 
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maeMoň 30He, koht3ktw pejie noa B03ueHCTBHeM moiuhocth 
Ha 3axcHMax oCTaiOTCH 3aMKHyTbiMn; ecjiH moiuhoctb HanpaB- 
jieHa no 3aiUHiuaeMofi jihhhh k uihh3m noacTaHUHH, Ha ko- 
TOpOH CTOHT 3aiUHTa, pejie MOIUHOCTH pa3MbIKaeT KOHTaKTU 
nort BJiHHHHeM moiuhocth Ha 3axcHMax, HMeiomefí Tenepb 
upyroH 3H3K, h npyacHHH. Pejie nou aeHCTBHeM npyaoiHU 
pa3MbiKaeT cboh koht3kt h npn noBpexcneHHHX b MepTBOH 
30He Ha He3amHmaeMbix yqacTKax. 

3. OpraH BwaepxcKH BpeMeHH 4 ~ pejie BpeMCHH Tnna 
3B-180. 

ripeHMymecTBa 3auiHTbi: BpeMH .aeHCTBHH He 33 bhcht 
ot BpeMeHH cpaóaTWBaHHH pejie mouxhocth, HMeiomero Hop- 
MajIbHO 33MKHyTHH KOHT3KTJ OTHOCHTejIbH3H npOCTOTa Bbl- 
nojiHeHHH. 

HertocTaTKH cxeMbi: bjihhhhc Ha paóoTy peae mouiho- 
cth tokob HenoBpekaeHHbix 4)a3,* b cbh3h c sthm aan oóec- 
neqeHHH HaAencHoro .hghctbhh 3amnTU npH 0flH0(J>a3HHx 3a- 
MbixaHHHX Ha 3eMaio tok 3aMUKaHHH, npoTexaiouxHH Ha no- 
BpeacaeHHOM yqac^Ke, rtoanceH He MeHee qeM npHMepHO b 
Tpn pa3a npeBwmaTb tok Harpy3KH; npn HecoóaiorteHHH sto- 
ro tokh Harpy3KH Tpex (J)a3 npn HanpaBJíeHHH, npOTHBono- 
aoncHOM Tony KopoTKoro 3aMbiKaHHH, MoryT co 3 aaTb Ha och 
peae npOTHBoaeHCTByiomHH yTpoeHHbin momcht, óoabuiHH 
aeficTByiomero MOMeHTa ot Tona noBpeacaeHHa; noHHaceH- 
Han HaaeacnocTb uenn HanpnaceHHH yaepacHBaHHH 3a cqeT 
3 aBeaeHHH ee nocaeaoBaieabHO qepe3 HopMaabHO áaMKHy- 
Tbie KOHTaKTU Tpex nycKOBUx opraHOB. CxeMa npHMeHHMa 
aaa ceTen c Harayxo 3a3eMaeHHOH HyaeBoň tohkoh(110 kV 
h BHine) ot Bcex bhaob noBpetfcaeHHií. 

CxeMa c Tpex(J)a 3 HbiM peae HanpasaeHHSi moiuhocth 
h noABea,eHHeM Hanpn»ceHHn ToabKO b momcht noepe>K- 
AeHHn (4>nr. III, 82). CxeMa BKaioqaeT caeayiomHe peae: 

1 . IlycKOBOH opraH — Tpn MaKCHMaabHue peae TOKa 
MrHOBeHHOro acHctbhh THna 3T-63, BKaioqeHHbie Ha an- 
HeHHue TOKH. 

2. OpraH HanpaBaeHHH moiuhocth — Tpex$a3Hoe peae 
HanpaBaeHHH moiuhocth THna MM-302, BKaioqeHHoe no 90° 
cxeMe. HanpHHceHHe k peae noABOAHTCH ToabKO b MOMeHT 

B03HHKH0BeHHfI nOBpeHÍAeHHH npH pa3MbIK3HHH HOpMaabHO 
33MKHyTUX KOHTaKTOB nycKOBbix opraHOB, myHTHpyiomHX 

oómotkh HanpaMceHHH peae. 3thm ocymecTBaaeTCH no(^a3- 
huh nycK, npeaoTBpamaiomHH BaHHHHe Ha paóoTy peae 
tokob HenoBpe>KAeHHbix <t>a3. 

3. ÓpraH BuaepxcKH BpeMeHH — peae BpeMeHH THna 
3B-180. 

npeHMymeCTBO cxeMbi — B03M0}KH0CTb npHMeHeHHH B 
CeTHX C MeHbUIHMH TOK3MH OAHO(})a3HOrO 3aMbIKaHHH, HeM B 
cxeMe no $nr. III, 81. 3to HMeeT MecTO b Tex cayqaax, 
korua tokh b HenoBpeacaeHHUx <J)a3ax f caaraiomnecH H3 tokob 
Harpy3KH h tokob noBpe»aeHHH, onpeaeaínomHe tok Tpora- 
hhh 3amHTbi, MeHbme TpexKpaTHoft BeanqHHu TOKa Harpy3Kfi. 

Oahh H3 HeaocTaTKoB cxeMbi — 3HaqHTeabHoe KoaeóaHHe 
BpeMeHH ee cpaóaTUBaHHH, onpeaeaaeMoe 3aBHCHMOCTbio 
BpeMeHH aeHCTBHH peae moiuhocth ot BeanqHHbí moiuhocth 
H a ero saacHMax. 3 to b HeKOTopux cayqaax npHBOAHT k 
H eoóxoaHMOCTH ^yBeaHqeHHH CTyneHH BuaepiKKH BpeMeHH 
A t cMekHux 3aiuHT 

CxeMa MoaceT 6uTb Hcnoab30BaHa aah ceTeň c Harayxo 
3a3eMaeHHoft HyaeBoií ToqKoň ot Bcex bhaob noBpeacneHHH. 

XlByxc|)a3Han cxeMa c 0UH0(|)a3HbiMH perte 

MOIUHOCTH, HMeiO&UHMH IIOCTOíIHHblň nOUBOrt 
HanpsttKeHHH (c|)Hr. III, 83). CxeMa BKrtionaeT crte- 
rtyiomne perte: 

1. riycKOBbie MaKCHMartbHwe perte TOKa THna 
3T-61. Mepe3 hhx ocymecTBrtHeTcn noc|)a3HaH 
nouana onepaTHBHoro TOKa Ha KOHTaKTbi perte 
HanpaBrteHHH mouihocth. ripn ÓTcyTCTBHH TaKoro 
pa3rterteHHH ueneft onepaTHBHoro TOKa cxeMa 
MOivia 6bi paóoTaTb HenpaBHrtbHO npn Hanpaferte- 
HHH MOIUHOCTH b noBpeiKrteHHOň (|)a3e K niHHaM 

b tom crtynae, ecrtH perte moiuhocth HenoBpexc- 



AeHHoň 4>a3u npH stom 6yAeT aepxcaTb cbch xoh- 
TaKTbi 3aMKHyTbiMH noix B03,neňcTBHeM npoTexaio- 
mero no Heft TOKa. 

2. OpraH HanpaBjíeHHH mohxhocth — pejie moiu- 
hocth mna HM-142, BXjnoqemioe no 90° cxe- 
Me h pearnpyiomee Ha u p •ř p *cos(^ + 45°). 

TaKoe, a He no 30° cxeMe, "BXJiioqeHHe pejie 
b AByxt|)a3Hbix 3amnTax o6a3aTejibHo, Tax xa k 
H cxjnoqaeT MepTBbie 30hh npn AByx$a3Hbix 3a- 
MblXaHHBX. 

3. OpraH Bbmepxcxn BpeMeHH — pejie BpeMeHH 
Tnna 3B-180. 


2. OpraH HanpaBJíeHHH moiuhocth — peae moiuhocth 
TH na HM-142/2 c yuepiKHBaioiueH oómotkoh HanpHHceHHH. 
BpamaiomHH MOMeur, C03.ua Bae muk nocjiejmeŘ, AeikTByeT 
Ha peae b CTopoHy 3aMMKaHHH koht3ktob. IlpyHCHHa, Ha- 
OÓOpOT, HeHCTByeT B CTOpOHy pa3MbIKaHHH K0HT3KT0B 
(TpeTHH cnqcoó paóoTU koht 3 ktob, cm. rji. III, § 13). TaKHM 
oópa30M npn noBpenmeHHHX b 3amHiuaeM0H 30He KOHTaKThi 
pejie MOIHHOCTH OCTaiOTCfl 3aMKHyTbIMH, npH BHeiHHHX no- 
BpeHf^HHHX — pa3MbIK3K)TCH. 

IlpeHMymecTBa cxeMw: H63aBHCHM0CTb paóoTu 3amHTbi 
ot coócTBeHHoro BpeMeHH peae mouxhocth. HeAoeraTKH: 
HeCKOJIbKO ÓOJIbHiaH CJIOHCHQCTb nO CpaBHeHHK) CO exeMOH 
<J>Hr. III, 83 h no SKcnjioaTauHOHHbíM jxaHHbíMH MeHbuian Ha- 
AeiKHOCTb, onpeaeJiaeMaH TeM, hto b peae X9M3 npn hc- 
n0JIb30B3HHH yAepHCHBaiOIUHX CHCTeM ÓWJIH MexaHHHeCKHe 



4>nr. 111,82. ÍIojiHan cxeMa BKjnoqeHHH ‘KOMnjieicra m3kch- 
MajibHOH HanpaBJíeHHOH 3amHTbi c Tpexc|)a3HbiM peae HanpaB¬ 
JíeHHH MomHOCTH h no^BejieHHeM HanpHHceHHH k HeMy b 
MOMeHT, noBpencAeHHH. 

IlpeHMymecTBa cxeMH: OTHOCHTe?ibHaH npo- 

CTOTa, onpejxeJiHeMaa AByx(j>a 3 HbiM BbinojraeHHeM 

3auiHTbi h HcecTXHM noixBejxeHHeM HanpJDxeHHH 
k «pejie HanpaBJíeHHH moiixhocth. 

HejiocTaTxn cxeMbi: HeofíxoAHMOCTb noBbíme- 
hhh CTyneHH Bbmepxcxn BpeMeHH no cpaBHemno 
CO exeMOň C HOpMaJIbHO 3aMKHyTHMH XOHTaXTaMH. 

CxeMa xax flByx(f>a3Hafl MoaceT ncnojib30- 
BaTbCH UJIH CeTeň C MaJIHMH TOX3MH OAHO(|)a3HO- 
ro 33 MbixaHHH Ha 3eMJiio /xJia 3amHTbi ot Bcex 
BH^OB MH0r0(t)a3HbIX 3aMMXaHHň. npH flBOňHHX 
3 aMbixaHHHX 0Ha QĎecneqnBaeT OTXJiroqeime npn- 
MepHo b 67°/ 0 cjiyqaes TOJibxo o/xHoro MecTa no- 
BpexcAeHHH. CxeMa MoaceT 6biTb npHMeHeHa Tax¬ 
íce b ceTHx c Harjiyxo 3a3eMjieHHoň HyjieBoft 
Toqxoň ot MHoro(J)a3Hbix 3aMHxaHHfi, ecjiH ot 3a- 
MbixaHHň Ha 3eMjno ycTaHOBJíeHa OTjxeJibHaa 3a- 
mHTa, BXJiioqeHHaH Ha (|>HJibTpbi HyjieBOň nocjie- 
AOBaTeJibHOCTH (cm. tji. III, § 28). 

H. Byx<I>a3Hasi cxeMa c 0AH0<j)a3HbiMH pejie moiuhocth, 
HMeiomHMH yuepHíHBaioiuyio chctgmy HanpavxeHHH 
(4)Hr. III. 84). 

I. ílycKOBOH opraH — MaKCHMajibHwe peae jroxa THna 
3T-63, HMeiOIUHe OAHH HOpMaJIbHO áaMKHyTbia h BTopoft 
HOpMaJIbHO pa30MKHyTbiH KOHTaKTU. Mepes HOpMaJIbHO 3aM- 
KHyTHH KOHT3KT nojxaeTCH HanpHHceHne Ha yAepHCHBaiomyK) 
oĎMOTKy peae HanpaBJíeHHH mouxhocth. 


Onr. 111,83. riojiHan cxeMa BKjnoqeHHH 

KOMnaeKTa AByx<J)a3HOH MaKCHMajibHon 
HanpaBJíeHHOH 3aiIXHTbI C OAHQ(I>a3HbIMH 
peae HanpaBJíeHHH moiuhocth c nocTO- 
HHHblM nOABeueHHeM HanpHHceHHH. 


UJ 4>nr. 111,84. nojman cxeMa BKjnoqeHHH 

Jj X ÁByxcJ>a3Horo KOMnjieKTa MaKCHMajibHoň 

i HanpaBJíeHHOŘ 3aiUHTbI C 0 AH 0 (I>a 3 HbIMH 

peae HanpaBJíeHHH moiuhocth c yaepHCH- 
BaiOIUHMH OÓMOTKdMH HanpHHceHHH. 

noBpencAeHHH b nounHTHHKax, oóycjiOBJíeHHwe qacTHHHO 

BHÓpauneH CHCTeMbi. 

OÓJiacTb npHMeHeHHH cxeMbi Ta nce, hto h 3 aiu*iTbi 
no (J)Hr. III, 83. 

B 3 aKJiioqeHHe cjieuyeT oTMeTHTb, hto npn Majibix 3 Ha- 
qeHHHX TOKOB KOpOTKOrO 3aMbIK3HHÍI B CXeMaX HHOrAa 
Hcnojib 3 yioT nycKOBbie opraHbí MHHHMajibHoro HanpHHceHHH 
(CM. tji. IV, § 13). 

25. OEJIACTb I1PHMEHEHH5I MAKCHMAJIbHOň 
TOKOBOfi HAIIPABJlEHHOfl 3AIU.HTbI 

OcHOBHblMH HeaOCTaTKaMH MaKCHMaAbHOfl Ha- 
npaBAeHHOft 3amHTU flBAHIOTCH: a) HeB03M0HCH0CTb 
oóecneiHTb ceAeKTHBHoe OTfwnoneHHe noBpeat- 
AeHHň B KO^IbBOBaHHblX CeTflX C MHCJIOM HCTOB- 
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hhkob nHTaHHa, óo^buiHM OAHOro, h Aajxe npH 
OflHOM HCTOHHHKe, eCAH nO OTHOUieHHIO K HeMy 
b ceTH HMeiOTCfl nonepeuHO pacnoAoaceHHbie ah- 
aroHa^bHue ahhhh; 6 ) ÓOAbuiHC BbiAepwxH Bpe- 
M 6 HH npH 3H3HHTeJIbHOM UHCAe nOCAeACTBaTeAbHO 
pacnoAoaceHHbix ynacTxoB b ( ceTH (ťfmr. 111,66). 
riosTOMy MaKCHMaAbHaa HanpaBAeHHaa 3aniHTa 
b xanecTBe ochobhoA MOxceT 6 biTb npHMeHeHa 
TO^ibKO b Tex CAynanx, xorAa oÓecneHHBaeT ce- 
AeKTHBHOCTb, H ĎblCTpOTa ee AeflCTBHH HBAfleTCH 
AOnyCTHMOft KaK no yCAOBHHM yCTO0nHBOCTH 
napa^Ae^bHoň paĎOTbi reHepaTopoB chctcmh, Tax 
h no ycAOBK^M oóecneneHHH paóoTbi ABnraTeAeň 
y noTpeÓHTeAfl. 

K t3khm ceTHM OTHOCHTCH pacnpeAeAHTeAb- 
Hue cexH HanpaAíeHHeM 10,5 kV h Hnace, a Tax- 
we HexoTopbie cem HanpaaceHHeM 35 kV. B 6oAee 

CACDKHbIX H OTBeTCTBeHHbIX CeTaX M3KCHMaAbHaa 
HanpaBAeHHaa 3autHTa b xauecTBe ochobhoS 
HBJíaeTca HeAOCTaTOHHOft. B Taxnx ceTax Heočxo- 
ahmo npnMeHaTb 6 oAee‘ CAoacHbie 3amHTbi, xcnropbie 
3a HCoroneHneM óoAbiuHHCTBa npoAOAbHbix ah- 
4)epeHunaAbHbix 3aumT HMeioT opraH HanpaBAeHna 
moiuhocth (AHCTaHUHOHHue — ta. IV, HanpaBAeH- 
Hbie c čAOKnpoBKoft — ta. VI). Bce cxa 3 aHHoe b 
H acToameň rAaBe 06 opraHax HanpaBAeHna moiu- 
hocth OTHOCHTca b paBHoň CTeneHH k opraHaM 
HanpaBAeHna moiuhocth, ncnoAb3yeMbix b Aiočoň 
óoAee caojkhoh 3amHTe. 

MaxcHMaAbHaa HanpaBAeHHaa 3amHTa mupoxo 
npnMeHaeTca, Tax xce xax pe 3 epBHaa, x OTMeqeH- 
HWM BMiue 6 oAee caojxhhm 3aiUHT3M (cm., Hanpn- 
Mep, BbmoAHeHne TpeTbHX CTyneHeň ahct3huhoh- 
HblX 3aiUHT B TA. IV). 

26. 3AIUHTA MAKCHMAJlbHOň MOIUHOCTH HyjIEBOfi 
nOCIIEAOBATEAbHOCTH AJ15I CETEft C HAHiyXO 
3A3EMJIEHHOfl HyjIEBOĚ TOMKOft 

B ceTHx c Harjiyxo 3a3eMjieHHOH HyjieBOH to^koh ujih 
OC ymeCTBJíeHHH 3aiUHT OT 33MbIKaHHH Ha 3eMJIK) MOryT ÓWTb 
HCI10JIb30BaHW pejie M3KCHM3JIbHOH MOIUHOCTH HyjieBOH no* 
CJieilOBaTeJIbHOCTH C 33BHCHMOH XapaKTepHCTHKOH. 

MomHOdb HyjieBOH nocjieaoBaTejibHOCTH 3aMbiKaHHH Ha 

3eMJIK) MOHCHO BUp33HTb [JI. 4], KaK 

P 0 =s —[í/o*A)'Cos (pQ -|-/£/o/o # sin <pol» (111,60) 

rae Uq h Iq — cooTBeTCTBeHHO HanpaHceHHe h tok HyjieBOH 
nocjieuoBaTejibHOCTH, OTHeceHHwe k paccMaTpHBaeMOH Toq- 
Ke ceTH; cp 0 — yroa caBHra <£a3 ' Meamy HanpHnceHHeM h to- 
KOM HyjieBOH nOCJieUOBaTeJIbHOCTH, SaBHCHIUHH OT COOiHO- 
HieHHH 3KTHBHOH H peaKTHBHOfi COCTaBJIHIOmHX COnpOTHB- 
JieHHfl Zq' SJíeMeHTOB ceTH, BXOflHIUHX B SKBHBaJieHTHyiO 
cxeMy HyjieBOH nocjieuoeaTejibHocTH ot paccMaTpHBaeMOH 
to^kh ceTH (coBepmeHHo HeoČH3aTejibHo ot Mecia noBpepc- 
jieHHfl) jio tohkh rjiyxoro 3a3eMJieHHH HyjieBOH to^kh reHe- 
pHpyiomero HCTOHHHKa (HyjieBOH to^ikh TpaHC(})opMaTOpa). 

BejiwqHHU TOKa h HanpHHceHHH HyjieBOH nocJienoBaTejib* 
hocth, CMHTaa ujih npocTOTw R n = 0, onpeíiejiínoTCH H3 co- 
OTHOIIieHHH 

J _ e a . 

° Z 1 + z 2 + z 0 
Uq — — 

rue z h z 2 h Zq — SKBHBajieHTHbie HMneuaHCbi Tpex nocjieuo- 
BaiejibHocTeH CHCTeMbi, npHBeAeHHue k TO^Ke noBpeHcueHHH. 
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(III, 61) 
(III, 62) 


r PaccMOTpnM npHBeaeHHwe cooTHomeHHH npHMeHHTejibHO 
k Tonxe P (niHHaM noucTaHUHH) ynpomeHHOH cxeMbi 9jie* 
MeHTapHOH ceiH, HMeiomefí rjiyxo 3a3eMjieHHyio TÓqxy 
(4>Hr. III, 85a). yHHTbiBan, nxo aKTHBHaa cocTaBjíHiomaH co- 
npoTHBJíeHHfl TpaHC<})opMaTopa BecbMa Majia no cpaBHeHHio 
c peaKTHBHOH, a nepexouHoe conpOTHBjíeHHe R n b BejiH- 
nHHy Zq He bxojiht, nepBUM qjieHOM ypaBiieHHH (III, 60) 
mohcho npeHeópenb, Tax KaK cos <p 0 ^ 0, h BejmnHHy moiu¬ 
hocth HyjieBofi nocjieuoBaTejibHocTH Bbipa3HTb cjieuyioiuHM 
oópa30M: 

Pq = — í/ 0 -/o* Sin 9o* (III. 63) 

IlojCTaBJíHH b (111,63) 3HaneHHH IqUq H3 (III, 61) h (III, 62) 
npn sin<p 0 =l, nojiynHM 

P °-Z- č t +í+z > >* - O' 164 ’ 



<řnr. 111,85. 

a — ynpomeHHafl cxeina 
9AeMeHTapH0fl ceTH c 
Haruyxo 3a3eMAeHH0H 
HyAeBOfl tomkoíí; 6 — 
KpHBaa npHMepHoro 
H3MeHeHHH BeJIHHHHbl 
moiuhocth HyjieBOH no- 
cjieuoBaTejibHOCTH b 3a- 
bhchmocth ot yua eH- 
HOCTH OUHO(J)a3HOrO 3a- 
MblKaHHfl Ha 3eM4!0. 


— 'ms '—| 



ZJMHUU 


no Mepe yBejinqeHHH z lf z% h z 0 moiuhocth HyjieBOH 
nocjieuoBaTejibHOCTH yMenbinaeTcn. yKa3aHHwe conpOTHBJíe- 
HHH yBeJIHnHBaiOTCH, eCJIH MeCTO 3aMUKaHHH Ha 3eMJIK> 
(Tonxa F) yuajineTCH no UJiHHe jihhhh ot MecTa ycTaHOBKH 
TpaHC(}) 0 pMaT 0 pa. yMeHbmeHHe moiuhocth b 3aBHCHMOCTH ot 
yuajieHHOCTH MecTa 3 aMUKaHHH Ha 3eMJiio mohcho H3o6pa3HTb 
cnauaioiueň kphboh 4> H r. lil, 856. C npyroň ctopohw, npH 

33MbIKaHHH Ha 3CMJIK) B U3HHOH TOHKe F HaHÓOJlbUItíH MOIU* 
HOCTb HyjieBOH nocjieuoBaTejibHOCTH b npoTHBonojioncHOCTb 
cooTHOineHHííM, xapaKTepH3yioiuHM bcjih^mhu nojioacHTejibHOH 
nocjiejiOBaTejibHOCTH, HMeeTCH y MecTa noBpencueHHH h chh- 
HcaeTCH no Mepe npHÓJiHxceHHH k HCTonHHKaM nHraHHíi. 3to 
o6T>HCHíieTCH TeM, ^to HanpHHceHHe HyjieBoň nocjieuoBaTejib- 
hocth HMeeT HaHÓojibinyio BeJinqHHy b MecTe noBpencAeHHíi 
H COOTBeTCTBeHHO Zq 9 B BUpaHCeHHH (111,78) HMeeT M3KCH- 
MajibHoe 3HaneHHe ^jih to^kh F, 

3th HSMeHeHHH moiuhocth^Pq b 33BHCHMOCTH ot ynajieH- 
hocth MecTa noBpeHcueHHH h pácnojionceHHH paccMaTpHBae¬ 
MOH TOnKH MOryT ÓbITb HCn 0 JIb 30 BaHbI B UeJIHX 33IUHTM. 

Ha 4> Hr * III* 66a noxasaHa ynpomeHHan cxeMa ceTH c 
HeCKOJIbKHMH nOUCTaHUHHMH. Ha KaaCUOK nOUCTaHUHH HMeiOT- 
ch TpaHC<}>opMaTOpbi c Harjiyxo 3a3eMjieHHbiMH HyjieBbíMH 
TonKaMH. npejinojioacHM, mo Ha KaacuoH H3 jihhhh ycTa- 
HOBJíeHbí 4)HJibTpbi Toxa h HanpHHceHHH HyjieBoň nocjieuo- 
BaTejibHocTH. npn noBpe^cueHHH Ha aeMJiio Ha jihhhh, b He- 
noepeUCTBeHHOH 6jIH30CTH OT HIHH nOUCTaHUHH, MOIUHOCTb 
HyjieBOH nocjieuoBaiejibHOCTH, 3aMepneMaH qepe3 (})HJibTpbi, 
óyueT HaHÓojibiuaH. MeM jiajibme ot uihh noííCTaHUHH npo- 
H3ofiueT 3aMbiKaHHe Ha 3eMjno, TeM MeHbinafi MOiuHccTb 
HyjieBOH nocjieaoBaTejibHOCTH óyueT 3aMepHTbcu Ha uaHHoň 
noucTaHUHH. PaccMaTpHBan t3khm oópa30M 3aMHKaHHH Ha 
3eMjiio b nocTeneHHO yuajnuoiunxcH Toqxax Ha jihhhh, otxo- 
íiHiueH ot noucTaHUHH, MOiunocTb HyjieBOH nocJiejOBaTejibHo- 
CTH Ha KaHCJlOH JIHHHH MOHCHO H30Ópa3HTb B BHJie KpHBblX ■ 

4)nr. III, 8^6. Ecjih k (JwJibTpaM Toxa h uanpHHceHHH HyjieBOH 
nocJieuoBaTeJibHOCTH npHcoeunHHTb pejie MaKCHMajibHoií 
MOIUHOCTH C 33BHCHMOH XapaKTepHCTHKOH ((})Hr. III, 87), TO 
BblAepHCKH BpeMeHH AefiCTBHH 9THX peJie 6y^yT pa3JIHqHblMH 



3Jia noBpoK^eHHH b pa3JiHqHbix ToqKax. 4eM óanace Medo 
ílOBpe>KaeHHH K IHHH3M nOUCTaHUHH, TeM MeHbUie BbUepiKKa 
speMeHH .aeHCTBHH peae. HeM uaabine MecTO noBpeacxeHHH, 
TeM óojibiiie BbiAep>KKa BpeMeHH ueftcTBHH peae. Ecjih 
P p < P p to peae Booóme He no,neftcTByeT. 

XapaKTep H3MeHeHHH BbiuepaceK BpeMeHH .neftcTBHH pejie 
3 3THX yCJIOBHHX MOtfCHO IipHĎJIHHCeHHO H30Ópa3HTb KpHBblMH 
{(J)Hr. III, 86 b). Kax bhuho h 3 sthx hpHBbix npHMeHaa peae 


Bcjie^CTBHe toto hto npH 3aMbitcaHHHX Ha 3eMaio b 
ceTBX c Harjiyxo 3a3eMaeHHbiMH HyjieBbíMH ToqxaMH (xa k 
yKa3biBajiocb Bbirne) yroa <p 0 Meacuy tokom h HanpsuKeHHeM 
HyjiesoH nocJieAOBaiejibnocTH 6 jih 30 k k 90° ( R n Ha Hero He 
BJiHneT), to pejie i;ejiecoo6pa3HO npHMeHHTb c CHHycHoft 
HJIH ÓJIH3KOH K Heft xapaKTepHCTHKOH, T e. AeňCTByiomHe 
ot peaKTHBHoft cocTaBJíHiomeft^ moiuhocth Ha 3aacHMax: 
Pp “ Up^ijp- SÍO 'Jip. 



$nr. 111,86. 

a — ajieweHTapHaa cxeMa ceTH, nweiomeíl Harjiyxo 3 a 3 eMJieHHbie toukh Ha noacTaH- 
uh*x; 6 — npHMepHbie KpHBbie H 3 MeH 6 HHH moiuhocth HyaeBofl nocjieaoBaTejibHocTH 

8 33BHCHMOCTH OT MeCTa OAHO(])a3HOrO 3aMbIKaHHff Ha 3CMJIIO H B ceTH; 6 — npHMep- 
Hbie KpHBbie H 3 MeHeHHH BbiaepHCKH BpeMeHH Ha peae moiuhocth HyjieBoň noc.ne,no- 
BarejibHociH npa H 3 MeHeHHH moiuhocth coraacHo kphbum 6. 


MaKCHMajibHoft moluhocth, BKJiioqeHHbie Ha MomHocTb Hyae- 
boh nocaeAOBaTeabnocTH, 3aiuHTy jihhhh moucho BbinojiHHTb 
ceaeKTHBHoft. Bbiaep>KKa BpeMeHH xaamoro pejie peryanpy- 
eTCH Tax, HTOÓbi oHa 6biJia MHHHMyM Ha CTyneHb Bbíme bh- 
^epacKH BpeMeHH peae, ycTaHOBJíeHHoro Ha nocae^yiomeM 
yqacTKe. HanpHMep, ecan BHaepacKa BpeMeHH peae 6 npn 
3 aMbIKaHHH Ha 3eMaíO Ha aHHHH r, B HenOCpe.HCTBeHHOH 
óan 30 CTH niHH noacTaHUHH 5, paBHa t p6 , to Bw^epacKa Bpe¬ 
MeHH peae 4 npH tom ace noBpeacueHHH uoaacHa 6biTb He 
weHee qeM Ha CTyrieHb Bbiuie t pQ , t. e. t p ^ = t p $At. 

HeoóxouHMo yqnTbiBaTb, qTO c H3MeHeHHeM peacHMa 
paóoTbi CHCTeMH, HanpHMep, qncao 3H3eMaeHHbix HyaeBbix 
Toqex Ha toh Han hhoh noucTaHUHH, pacnpeueaeHHe Mom- 
hocth HyaeBoft nocaeaoBaTeabHOCTH no aHHHHM H3MeHHTca. 
3 to H3MeHeHne MoaceT 6uTb HadoabKo óoabuíHM, qTO ycao- 
BHH CeaeKTHBHOCTH UeHCTBHH 33IUHTM MOTyT HapyUIHTbCH. 
npH npoeKTHpOBaHHH H yCTaHOBKe 3amHTW MaKCHMaabHOH 
moiuhocth HyaeBoft nocaeaoBaTeabHOCTH B03M0HCHbije H3Me- 
HeHHH b qncae h MecTe 3a3eMaeHH3 * HyaeBbix Toqex TpaHC- 
4j)opMaTopoB aoaacHbí 6bíTb 3apaHee yqTeHbi. Oř stoto 6y« 
aeT 3aBHceTb pemeHHe Bonpoca o ueaecoo6pa3HOCTH npn- 
MeHeHHH aaHHoro BH.ua 3aiuHTH. 


<řnr. 111,87. CxeMa 
3atUHTbI M3KCH- 
MaabHOH MOIUHOCTH 

HyaeBoft nocaeuo- 
BaTeabHocTH c 3a- 
BHCHMOH xapaKTe¬ 
pHCTHKOH. 

JlaHHbiH THn 3aiuHTH HMeeT (KaK BecbMa npo- 
ctoh no BbinoaHeHHio h MoryiunS npHHUHnnaabHO 
ueftcTBOBaTb ceaeKTHBHO b ceiux caoncHoň koh<J)h- 
rypauHH) jioBoabHo uiHpoKoe pacnpocTpaHeHHe b 
B Coio3e uo HacToaiuero BpeMeHH oh pac- 
npocTpaHeHHH He noayqna. Ouhoh H3 npnqHH stoto 
HBH aocb to, qTO BbinycKaBmnecH X9M3, KaK h 
H eKOTOpbIMH HHOCTpaHHUMH (^HpMHMH, peae MaKCH¬ 
MaabHOH MOIUHOCTH C 3aBHCHMOH XapaKTepHCTHKOH 
HMeaH . óoabinyio 3aBHCHMOCTb BpeMeHH aeftCTBHH 
ot TOKa npH nocTOHHHoft moiuhocth. 3to 3aTpya- 
Hnao nou6op xapaKTepHCTHK h yxyumaao csoScTBa 
3aiUHTbI. 

27. 3AIUHTA MAKCHMAJlbHOM MOIUHOCTH 
HyjlEBOH nOCJlEUOBATEJIbHOCTH Jim CE- 
TEfl C MAJlblMH TOKAMH 3AMbIKAHH8 HA 
SEM JI K) 

B ceTHx, 3a3ewaeHHbix qepe3 BbicoKOOMHoe ax- 
THBHoe conpoTHBaeHHe, tokh 3aMUKaHHH Ha 3eMaio 
Maau. B ueanx noBbímeHHH qyBCTBHTeabHOCTH cne- 
UHaabHOH 3aiUHTU OT OflHO(j)a3HbIX 3aMUKaHHH Ha 
3eMaio Ha paunaabHbix ceinx stoto Tnna npHMeHHiox, 
HHorjia 3aiuHTy MaKCHMaabHoft moiuhocth HyaeBoft nocaeao- 
BaieabHOCTH (4>Hr. III, 88) bmccto tokoboh 3aiuHTbi HyaeBoii 
nocaeuoBaTeabHOCTH (cm. ra. II, § 19). 3ia yae 3aiuHTa mohcct 
óbiTb Hcnoab30BaHa, HanpHMep, b ceTHx, 3aMKHyTHX b Koab- 
uo, c ouhoh toukoh nHTaHHH npH BKaioqeHHH eenoBCTpeq- 
HO-CTyneHqaTOMy npHHunny. 

B ceTHx c MaabíM tokom 3aMbiKaHHH Ha 3eMaio naaeHHe 
HanpaHceHHH HyaeBoft nocaeuoBaTeabHOCTH Ha conpoTHBae- 
hhh Bcex saeMeHTOB ceTH OTHOCHTeatHo HeBeaHKo no cpaB- 
HeHHio c naueHHeM HanpHHceHHH Ha BbicoKOOMHOM 3a3eMasuo- 
meM conpOTHBaeHHH. IIosTOMy HanpnaceHHe HyaeBoft nocae- 
U0BaTeabH0CTH bo Bceft ceTH He3aBHCHM0 ot MecTa noBpeiK- 
ueHHH npaKTHqecKH ouwHaKOBO h BeanqHHa ero 33 bhcht 
TO abKO OT K03$HUHeHTa nOaHOTH 3aMbIK3HHíI b (cm. ra. I H II). 

3HaqeHHH HanpqaceHHH h Tona HyaeBoft nocae^OBaTeab- 
HOCTH B T3K0H CeTH! 

Vo = b-U Omax = b.U 0 . (111,65) 

4 = ( ln .66) 

IloaHaq MoiuHocTb Ha 3aiKHMax peae moiuhocth HyaeBoft 

nocaej^OBaTeabHOCTH aKTHBHoro Tnna 6e3 yqeTa Toxa Heóa- 
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jiaHca h OTCoca (cm. tji. II, ,§ 19): 


Po 


3/o 3 Č/q ^0 max 

-•-ss-•-0 2, 

n m n m n m n H 


JI.JIH fleHCTBHH peJie HeOÓXOAHMO, UTOÓbl 

Pp<, > p p. m- 


( 111 , 67 ) 
(III, 68) 


CorjiacHO (111,65) h (IIÍ, 66) BejiHHHHa HanpnuceHHH h 
T ona HyjieBOH nocJieAOBaTejibHOCTH 33 bhcht ot KoaipHUHeHTa 
nOJIHOTbl 3aMblK3HHH b, 3aBHCHMOCTb TOKa TporaHHH peJie 
MaKCHMaJIbHOH MOIUHOCTH OT BeJIHqHHbl HanpHUCeHHH Ha 3a- 
UCHM3X HJIH K03(J)HUHeHTa nOJIHOTbl 33MbIK3HHH npH nOCTO- 
HHHofl moiuhocth TporaHHH MOuceT 6wTb H3o6pauceHa KpH- 
boh 7, onpeueJiueMOH ypaBHenHeM 


ip, m 


Pp, m 

u p max*^ 


( 4 >Hr. III, 89 ). 




Onr. 111 , 88 . CxeMa 3aiUHTbi 
moiuhocth HyjieBoň nocjieuo- 

BaTeJIbHOCTH c He3aBHCHMOH 
xapaKTepHCTHKOH. 


<pHr. 111,90. CxeMa BKjnoqe- 

HHH 3aniHTbI M3KCHMaJIbH0H 
moiuhocth HyjieBoii nocjieuo- 
BaTeJIbHOCTH C TOpMOHCeHHeM. 



<I>Hr. 111 , 89 . Tpa(})HqecKHH pacueT 3 aiuHTbi MaKCHMajibHoň 
moiuhocth HyjičBOH nocJieAOBaTeJibHOCTH no 4 > Hr * Hlt 38 . 
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M3MeHeHHe BeJIHqHHbl TOKa 3aMbIK3HHH Ha 3eMJUO H30Ó- 
pauceHO npuMOÍi jihhhch / 8max *&. Touna nepeceqeHHH npn- 
MOH Í 3 max -b C KpHBOH i p m OnpeAeJISÍfcT qyBCTBHTeJIbHOCTb 
uencTBHH 3aiuHTbi, ecjiH npeHeópeub tókom HeóaJiaHca i H $\ i H & 
OT TpaHC^OpMaTOpOB TOKa MOUCeT HMCTb nOJIOHCHTeJIbHblH 
HJIH OTpHUaTeJIbHbIH ' 3H3K. KaK BHAHO H3 (})Hr. III, 89, npH 
nojioxcHTejibHOM 3HaKe i H $ HBJIH6TCH onacHMM c tohkh 3pe- 
HHH C6JI6KTHBHOCTH AeHCTBHH 3aiUHTbI, TaK KaK npH yeeJIH- 
qeHHH ero ao 3HaqeHHH, óojibinero i p m , 3aiuHTa MOuceT 
CpaÓOTaTb H6C6A6KTHBH0 npH nOBpCAtACHHH BH6 3aiUHIUaeM0H 
30HM. npH OTpnuaTeAbHOM 3HaKe Í H $ CHHUCaeTCH UyBCTBHTeAb- 
HOCTb A6HCTBHH 3aiUHTW. HtOÓW OTCTpOHTbCH OT Í H & H OÓeC- 
neqHTb CeAeKTHBHOCTb, 3amHT)T npHUIAOCbÓbl CHJIbHO 3arpy- 
ÓHTb (CM. KpHByiO 2 $Hr. III, 89). 

C uejlbio nOBUUieHHH qyBCTBHTeJIbHOCTH AeHCTBHH 3a- 
lUHTbi, c yueTOM i H $ BbinojiHHiOT 3amHTy c TaK Ha3UBaeMoň 
KOMneHcauneft i H $ (4>Hr. III, 90). K tokoboB oďmotkc 
pejie AonoAHHTCAbHO hoaboahtch tok ot <}>HjibTpa Hanpnuce- 
hhh qepe3 AoóaBOHHoe conpoTHBJíeHHe MaKCHMaJibHoe 

3HaueHHe (npn 6 = 1) aToro TOKa BbiówpaeTCH oĎauHO 
óoAbine BeAHUHHbí i H fa a HanpaBaeHHe oópaTHbíM no otho- 
rneHHio k Tony, BusuBaiomeMy AeScTBHe pejie. T3 khm oópa- 
30 M tok KOMneHcauHH co3AaeT Ha pejie M ep oópaTHoro 3Haxa 
no OTHomeHHK) KpaóoueMy MOMeHTy. IloaTOMy tok KOMneH- 
cauHH HHorAa Ha3biBaeica topmo 3 hhm tokom i m opMj 
PacueT 3aiUHTw MaKCHMajibHoň moiuhocth HyjieBOH 
n0CA6A0BaT6AbH0CTH 3aKAK)Ua6TCH B onpeACJieHHH qyBCTBH- 
TCAbHOCTH H C6A6KTHBHOCTH AeHCTBHH 3amHTW. 3 tQT paCUeT 

moucho BeCTH AByMH nyTHMH: 1) onpeAeJieHHeM HaHBuroA- 

HOHIIIHX yCAOBHft AAH AefíCTBHH 3aiUHTW (M3KCHMaAbHaH UyB- 
CtBHTeAbHOCTb npH MHHHM3AbHOM TOKe 33MbIKaHHH Ha 3eMJIK)> 

h 2) onpeAeueHHeM qyBCTBHTeabHOCTH h ceAeKTHBHOCTH 3a- 

IUHTU npH 3dA3HHOH B6AHUHH6 TOKa 3aMblK3KHH Ha 3eMAIO 
OnpeuejieHHe HaHBbiroAneňuiHX ycJioBHň aji» AeňcT- 
bhh 3am,HTbi c KOMneHcauneft TOKa HeóauaHca (c Top- 
MouceHHeM). XIjih 3amHTbi, BKAioueHHOH no cxeMe 90, 

ypaBHeHHe ccackthbhocth moucho HanncaTb b BHAe 

*p, tn3 ~ ip. m~^~ imopM ^ * ifióp* 


r Ae l p% m3 — tok TporaHHH 3amHTbi; i H $ p — pacueTHoe 3Haue- 
hh 6 TOKa HeóajiaHca, cooTBeTCTByioiuee MaKCHMaubHOMy pa- 
óoueMy TOKy; npH stom npeAnojiaraeTCH hto ot i H $ npn 
CKR03HMX MHOrO(})a3HbIX 33MbIK3HHHX Ha 3eMAIO 3aiUHTa OT- 
CTpoeHa BbiAepucKofi BpeMeHH hjih ApyrHMH cnocoóaMH (cm. 
TA. II, § 19); k H — KOa^HUHeHT HaAeUCHOCTH (ÓOAbUie eAHHHUbl). 
3Han, uto 

p P 

. _ r p. m p, m 

l p, m Up - b.u pmax ’ 


MOUCHO np6ACT3BHTb (III, 69) B BHAe 


ip, m3 0.y 


p.m 




"t" imopM max^ ^ ^ h'Íh6p . 


(III, 70) 


rpac|>HqecKH 9i;o ypaBHeHHe moucho npeACTaBHTb b BHAe 
KpHBOH 1 4>Hr. 111,91. 

H3 (j)nr, III, 91 BHAHO, UTO m3 HMeeT MHHHM3JIbHOe 
3HaueHHe npn KoaiJjHUHeHTe b' t paBHOM aócuHcee, onpeAeAHe- 
moh TOUKofi nepeceueHHH npHMOH i mopM c kphboh i p m> 

t. e. npn i p m = imopM • 

TaK KaK npn b = b f i p m3 HMeeT MHHHMaAbHoe 3Haue- 

HHe, TO HaHMeHbUIHH TOK 3aMUK3HHH Ha 3QMJIK) AAH AeHCT¬ 
BHH 3aiuHTbi noTpeóyeTCH npn pacueTHOM 3 HaueHHH kos- 
^HuneHTa n( jihoth b p = b 

yqHTblBan CKa3aHHOe Bbiuie, MOUCHO COCT3BHTb Bblpauce- 
hhh ajih onpeAeueHHH P p m h i m opM m ax* Tok TporaHHH pe^e 

MOIUHOCTH, KOMneHCHpyiOIUHH nOJIOBHHy i H $ p AAH b ř = b p c 
yueTOM k H% paBeH 0,5 -k H -i H6p . MomHOCTb Tpoi 3hhh peue 
onpeAeji htch npoH3BeAeHHeM i p m Ha HanpnuceHHe, cootbct- 
cTByioiuee TOMy uce b p h, cueAOBaTeAbHO, paBHoe u PmSLX8p . 


Tonu: 


Pp, m — 0,5* kfi • l H 6 p * tt pmax * bp\ 0 H» 71) 

ÍmopM> KOMneHCHpyiOmHH BTOpyiO nOJIOBHHy Í H $ p , flJIH TOÍt 
«e ToqKH c yqeTOM k H paseH 0 č-k H -i H 6 p =i mopM mSLX -b p> 

OTKyAa 

0)5 k H % i H 6 p 

l mopM max “““ fjp • 0“, 72) 

OnpeaeJieHHe qyBCTBHTejibHocTH h cejieKTHBHocTH 
AeňCTBHH 3 aiUHTbI npH 3 aAaHHOM TOKe 3 aMbIKaHHH Ha 

. h max _ 

3eMjno i 3max = ~ t :—• npH x 3a,&aHHOM Toxe 3aMbiKaHHa Ha 

n m 

3eMjiio fljiH pacqeTa 3aiuHTM npHHHMaeTCH ycjioBHe, hto tok 
b pejie i p npn 3aMUKaHHH Ha 3eMJiio b 3aiUHiuaeMofí 30He 
AOJIHCeH ObITb paBeH MHHHMajIbHOMy 3H3qeHHK) íp tm3 ) paBHOMy 
corjiacHO <J)Hr. 111,91 k H »i H ^ pt t, e. 

(3 max # ^P ^HÓp 888 &h* ' 1 h6p • (M» 73) 

IloACTaBJíHH 3HaqeHHe bp H3 (III, 73) b (III, 71), nojiyqHM 

•2 

» = 0 , 5 -k H (k H +1) - Pmax ' H6p . (III, 74) 

*3max 



Ohi*. 111 , 91 . rpaťJmqecKHH pacqeT 3 amHTH MaKCHMaJibHofí 
moiuhocth HyaeBoíl noc^eAOBaTeJibHOCTH c TopMOHeHHeM 
no <£nr. III, 90 . 


3 HaqeHHe imopMmdx M0ÍKH0 onpeAeJiHTb H 3 ( 111 , 72 ) c 
yqeTOM ( 111 , 71 ): 


lmopM max 4 


z 2 .« 

*HÓp Pmax 

P 

1 p.m 


( 111 , 75 ) 


npHBeaeHHwe ypaBHeHHH He yqHTWBaioT Koa^HuneHTa 
B03BpaTa pejie moiuhocth k 6 . 3 to AonycTHMO b Tex cjiyqaax, 
Korua npH Me>Kziy(J)a30Bbix kopotkhx saMbucaHHHx 3amu Ta 
MOIUHOCTH HyjieBOii nOCJieUOBaTeJIbHOCTH BHBOUHTCH H3 UeiiCT- 
bhh (ÓJiOKHpyeTCH) b uenax nepeMeHHoro Tona hjih ecjiH 
3aiuHTa b ocTaabHOH qacTH ceTH npH OAHO(|>a3Hbix 3aMbiKa- 
hhhx Ha 3eMjno AefícTByeT Ha OTKjnoqeHHe. 

B flpyrnx cjiyqax k 8 hcoóxoahmo yqHTbiBaTb. ZIjih stoto 
B (III, 71 ) — (III, 75 ) BMeCTO k H HeOÓXOAHMO BCT3BHTb k ' H , 
onpeaeJifleMbiň H3 cooTHomeHHH [JI. 5 ]: r- 




Yk a 


( 111 , 76 ) 


npH Bbióope moiuhocth TporaHHH pejie P p m Heo 6 xo- 
ahmo TaKxce HMeTb b BHuy cjieuyioiuee: 

1. Pejie moiuhocth paua thhob paóOTaioT HépocTaToqHO 
qeTKO npn Majiux HanpaxceHHHx npoTHBOAeHCTByioiUHX 
npyxcHH, cooTBeTCTByioiUHX MHHHMajibHUM ycTaBKaM Ha pejie. 
IlosTOMy, HanpHMep, ajih pejie THna HM-140 X3M3 MHHHMajib- 
nan npHHHMaeMan P p m He AOJHKHa 6uTb MeHee npHMepHo 

150 % ot MHHHMajibHoft ycTaBKH no niKajie. 

2 . 3 aiuHTa AaHHoro yqacTKa He AOJiaoia óbiTb óojiee 
qyBCTBHTeJIbHOH (ueHCTBOBaTb npH MeHblHHX K 09 (j)HUHeHTaX 
nojiHOTbi 33 MbiKaHHH Ha 3 eMJno), qeM 3 amHTa nocjie^yioiuero 
yqacma, cqHTaa ot HCToqHHKa nHTaHHH. B cbh 3 h c sthm b 
H eKOTOpbix cJiyqaax;>P p? m hcoóxoahmo cooTBeTCTBeHHO yBe- 
JlHqHB 3 Tb. 

3 . B CeTHX, B KOTOpbIX BepOHTHbl 3 aMbíKaHHH Ha 3eMJIK> 
qepe 3 óojibuiHe R& cooTBeTCTByioiuHe K03<{>HUHeHTaM noji- 
hotu b, 3HaqHTeJibHO MeHbniHM pacqeTHoro (HanpHMep, b 
B 03UyiUHbIX CeTHX Ha UepeBHHHMX onopax), npOH3BOAHT TaK- 
xce cneunajibHoe corjiacoB3HHe MOiuHOCTefl TporaHHH pejie 
CMeXCHHX 3aiUHT, HCXOUH H3 H 3 HXyUHIHX B03M0HCHbIX HanpaB- 

jieHHH tokob HeóajiaHca h 3 H 3 kob ouihóok pejie (cm. tji. II,§ 19 ). 

OnpeueJieHHe qyBCTBHTejibHOCTH 3aiUHTbi (MHHHMajibHora 
K09(})HUHeHTa nOJIHOTH 3aMblKaHHH Ha 3eMJIK) bp , npH KOTO- 
poM 3amHTa paóoTaeT npH 33 ubhhom I 3 max ) hjih I 3 max , npw 
npHHHTOM bp npOH3BOUHTCH H3 ypaBHCHHH qyBCTBHTeJIbHOCTH 
3aiuHTbi: 


7g max 


bp i HÓp 


. Pp : JH -L ř 

UpmM-h 


mopM max 


•v ( 111 , 77 ) 



OTCOCaMH B UaHHOŘ 3a- 
UlHTe B ÓOJIbHIHHCTBe cjiy- 
qaeB npeHeóperaiOT (tj ^ 0), 

Tax Kax npHMeHHeMbie pejie 

MaKCHMaJIbHOft MOIUHOCTH 

HMeioT jiocTaToqHO Majioe co- 1 

npoTHBjíeHHe tokoboh 06 - 

MOTKH. 

Ot tokob HeóajiaHca npH 
CKB03HUX MHOro4>a3HUX' 3 a- 
MUKaHHflX Ha 3eMJIK) 3aiUHTH 
oTCTpaHBaioTCji, Kax npaBHJio, 

BblAepHCKaMH BpeMeHH, Bbl- 
ónpaeMUMH no CTyneHqaTO- 
My npHHunny. nosTOMy to- 
KH i n $p, BXOAHIUHe B paCHCT- 
Hwe ýopMyjIW, BHÓHpaiOTCH 
B COOTBeTCTBHH C yK333HHH- 

. mh tji. II, § 19. 

PaccMOTpeHHaq 3aiuHTa 
MAKCHMaJIbHOfi MOIUHOCTH C 
KOMneHcauneft TOKa HeóajiaH-' 

ca HMeeT óÓJibinyio qyBCTBHTejibHocTb, qeM 3aiuHTa 6e3 kom- 
neHcauHH h qeM MaKCHMajibHaq tokob3h 3aiuHTa HyjieBOH 
nocjiéuoBaTejibHOCTH. 

riepBoe o6T>HCHHeTCH TeM, qTO tot npoHrpwm b qyBCT- 
BHTeJIbHOCTH, KOTOpblň BbI3blBaeTCH H3JIHqHeM TOpM03HOrO 
TOKa, nepeKpwBaeTCH BWHrpumeM 3 a cqeT yMeHbineHHH P p mt 


í>wr. 111 , 92 . BeKTOpHaa AHa- 
rpaMMa TOKa h HanpjDKeHHfi 
Hy^eBoň nocAeAOBaTeAbHO- 
CTH npH 0AH04>a3H0M 3aMbI- 
K3HHH Ha 3eMAK). 


AOCTHraeMoro H3-3a bbcachhh b cxeMy toto xce TopM03Hora 
TOKa. 

BTOpoe onpeAejweTCH b ochobhom tcm, hto pejie moui- 
HOCTH HMeiOT 3 HaqHTeJIbHO MeHblHHe COnpOTHBAeHHH TOKO* 
bwx oómotok, qeM pejie TOKa 3 a cqeT toto, qTO qacTb moiu- 
HOCTH, Heo 6 xOAHMOH AJIH Cpa 6 aTbIB 3 HHH pe^e, AaeTCH Ha 
HHX TpaHC(J)OpMaTOpOM HanpHiKeHHH. riOSTOMy HXI He npn- 
xoahtca AonojiHHTeAbHO 3 arpy 6 jiHTb aah yMeHbineHHH ko 3 - 
(JjHuneHTa oTcoca, Kax to Ae^aeTCH b tokoboh 3 aiuHTe 
(FA. II, §, 19 ). 

OAHaxo OHa 6 oAee CAOiKHa no CBoeMy BbinoAHeHHio. 
riosTOMy ee npHMeHsuoT aah paAHaAbHbix ceTew c oahoh 
reHepnpyioiueH ToqKoň tokob Hy^eBoň nocJieAOBaTejibHOCTH % 
ecAH He npoxoAHT óoAee npocTan tokob 3 h 3 aiUHTa. B ceTHx 
KOAbUOBaHHbIX HAH paAHaAbHWX C HeCKGJIbKHMH TOqKaMH 
nHTaHHH CXeMa HBAHeTCfl OCHOBHblM THnOM CneUHaAbHOH 
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^amuTbi ot o^HO$a3Hbix 3 aMUKaHHíi Ha 3eMjno, ecjiH TaKOBaa 
soo6me ycTaHaBJíHBaeTCH. 

! BKJHoneHHe pejte moiuhocth HyjieBoň nocJieaoBaTejib- 
hocth. Pejie moiuhocth HyjieBofí nocjieAOBaiejibHOCTH bkjiio- 
<íaK)T TaK, HTOÓbl OHH AeHCTBOBaJIH npH OTpHUaTeJIbHOM 
3 HaKe P P i cqHTan nanpaBJíeHHe ot uihh noACTaHUHH b jihhhio 
3 a noJioMCHTejibHoe. Ha (Jjht. 111,92 nonasaHa ynpomeHHan 
BeKTopHaa AnarpaMMa tokob h HanpH)KeHHH nnn 0AH0<j>a3- 
Horo 33 MbIKaHHH Ha 3eMJIK) 4>33bl B C R n = 0. HanpHHCeHHe 
noBpeMCAeHHOH (J)a3W B paBHO Hyjno. Tokh b HenoBpeacAeH- 
Hbix $a 3 ax He yqHTHBaioTCH. KaK bhaho H3 BeKTopHOH ah- 
arpaMMu, yroa Meacay nojioauiTejibHbíMH HanpaBJíeHHHMH 
Toxa h HanpsDKeHHH HyjieBoň nocjieAOBaTeabHOCTH óojib- 
me 90°. CjieAOBaieJi^HO, peae HanpaBJíeHHH moiuhocth, 
neftCTByiomee ot Pp c nojioHCHTejibHHM 3HaKOM, He MonceT 
xpaóoTaTb, Tax KaK noABeAeHHaa P p a, cjieAOBaTejibHO, 
,h M ep Ha pejie, hmciot oTpnijaTejibHhiH 3Han. 

28. MAKCHMAJIbHAH HAÍlPABJlEHHAq 3AIUHTA W 

HyjlEBOH nOCJlEJOlOBATEJlbHOCTH JI JI8 CETEH 
yQ HArJiyXO 3 A 3 EMJIEHHbIMH HyjlEBblMH TOMKAMH 


3a cqeT toto, hto jiaHHyio 3amHTy, KaK h toko- 
Byio 3amHTy HyjieBoň nocjie;xoBaTe./ibHocTH 
(r JI. II, § 18), He IipHXO£HTCH OTCTp3HB3Tb OT 
BbuepxceK BpeMeHH 3amnT, ycTaHOBJíeHHbix Ha 
CTÓpoHax apyrnx HanpHxceHHň noACTaHunft. Pe./ie 
HanpaBJíeHHH moeuhocth peKOMeH^yeTca npHMe- 
HHTb, KaK ynce roBopnjioCb Bbíme, c CHHycHoň vljih 
6./IH3K0ft K Heň XapaKTepHCTHKOň. 

29. BJIOKHPOBKA MAKCHMAJlbHbIX HAíIPABJlEHHblX 
3AIU.HT nPH flBOfiíHbIX SAMblKAHHflX HA 3EMJHO 

>KejiaTejibHo, htočm MaKCHMajibHan HanpaBJíeHHan 3a- 
mHTa ceieň c majiumk tok3mh 3aMbiKaHHH Ha 3eMjno npn 
ABOHHbIX 3aMbIKaHHHX Ha 3CMJIIO B pa3HbIX TOHKaX Ha pa3- 
HblX JIHHHHX OTKJIIOqaJia TOJIbKO OAHy JIHHHK). Ha BTOpOH 
jihhhh ocTaBineecH 0AH0(j)a3H0e 3aMbiKaHHe Ha 3eMjiio mo- 
HceT npn 9 tom jiHKBHAHpOBatbCH, HanpHMep, AyroracHTejib- 
huh ycTpořicTBOM hjih éyneT HaňAeHO h ycTpaHeHo Aeacyp- 
hmm nepcoHaJioM nocjie noAroTOBKH noTpeĎHTejin. 


J\jin noBbímeHHH qyBCTBHTe/ibHOc th h CHHHce- 
hhh BbiAepxceK BpeMeHH MaKCHMajibHoň HanpaB- 
jienHoň 3amHTU npH 3 aMbiKaHHH Ha 3eMJiio npn- 
-MeHHIOT CXeMbl C BKJIIOHeHHeM 3amHTU Ha tok h 
MomHOCTb HyjieBOft nocjieiiOBaTeJibHocTH. B Ka- 
qecTBe npHMepa Ha 4 >hi\ III, 93 noKa3aHa cxeMa 



ABTOMaTHqecKoe OTKjnoqeHHe TOJibKO oAHoň jihhhh 
BM ecTO ab yx b ycjiOBHHX AByxcTOpoHHero nHTaHHH noA- 
CTaHUHft n03B0JiaeT JIHKBHAHpOBaTb B03HHKIHHe 3aMHKaHHH 
Ha 3eMJiio 6e3 npeKpameHHH nHTaHHH noTpeÓHTejiew. # B pa- 
AHaJIbHOH CeTH C OAHOCTOpOHHHM nHT3HHeM 9TO MepOnpHH- 
THe no3BOJineT coxpaHHTb nHTaHHe qacTH noTpeĎHTeJieft 


«Phi\ 111,93. CxeMa MaKCHMajibHOH HanpaBJíeHHOH 3 aui,HTbi Hy- 
JieBOH nOCJieAOBaTeJIbHOCTH C He33BHCHMOH XapaKTepHCTH- 
koií a^ib ceTeň c narjiyxo 3a3eMjieHHoň Hy^eBOH to^koh. 

MaKCHMaJibHofl HanpaBJíeHHofl 3amHTH HyjieBoň 
IIOCJieAOBaTeJIbHOCTH C He3aBHCHMOft BHAepHCKOň 
BpeMeHH. Hto6h HCKJiioqHTb HenpaBH^bHbie AeftcT- 
BHH 3amHTbI, BbI3BaHHbie HanpíOKeHHeM H TOKOM 
HeóajiaHca, KOHTaKTbi pe^e HanpaB^ieHHH moiu- 

HOCTH BKAIOHaiOT nOC^e^OBaTe^íbHO C KOHTaKTaMH 


DBA 


H mp-py HonpRMBHUfi <, 


m\ jwi \wc\ 


H mp-py Hanpp&ceHun 



<I>Hr. 111,94. ynpomeHHaa cxeMa ceTH c abohhwm 3aMbiKa- 
HH@M Ha 3eMJIIO B pa3HbIX TOHK3X. 

ÍIHT3IOIUHXCH 'OT OAHOÍÍ H3 AByX JIHHHH, Ha KOTOpWX HpO- 
H 30 LUJ 10 oAHOBpeMeHHoe 3aMbiKaHHe Ha 3eMJiio. 

Ha (j)Hr. III, 94 noxasaHa ynpomeHHan cxeMa ceTH c 
MaKCHMajibHOH HanpaBJíeHHoB 3amHTOH, ycTaHOBJíeHHofi Ha 
noACTaHUHH A Ha jihhhhx / h 11 h ycJiOBHO noKa3aHHOH Ha 


nycKOBoro tokoboto pejie, AefiCTByiomero ot 
TOKa Hy^eBOň nocjieAOBaTejibHOCTH. * 
ip.m nycKOBoro tokoboto pe^e BbiónpaioT 60/ib- 
rae M3KCHMaJIbHO B03M0HCH0r0 Í H 6. rioaTOMy KOH- 
T3KTM nycKOBoro tokoboto pe^ie MoryT 33 mk- 
HyTbCH TOJIbKO B pe3yJIbjaTe JieftCTBHH TOKa 
HyjieBoň nocjieAOBaTejibHocTH, oóycjiOB^eHHoro 
3aMbIK3HHeM Ha 3eMJIK) B 3aiUHmaeMOH ceTH. 

PacqeT 3anxHTbi no cymecTBy cboahtch TOJib- 
ko k onpe^ejieHHio TOKa TporaHHH tokobhx pe;ie 
n BbiAepíKeK BpeMeHH (cm. tji. II, §18h tji. III, §5). 

CHHHceHHe BbiAepnceK BpeMeHH ^ocTHraeTca 


qepTence b bha 6 Tpex OAHO<}>a3Hbix pejie W. Upn OAHOBpe- 
MeHHOM 3aMUK3HHH Ha 3eMJIIO, HanpHMep, (J)a3U B JIHHHH I 
H 4>33bl C JIHHHH II AAH HCTOqHHKa nHTaHHH F 9TO ÓyAeT 
paBHOCHJIbHO AByX(J>a3HOMy KOpOTKOMy 33MbIKaHHK). 

noBpencAeHHbie <}>a3bi B h C npHHaAJiencaT pa3HbiM jih- 
HHHM. Il09T0My B KOMnjieKTe 3aiUHTbI, yCT3HOBJieHHOH Ha 
KaacAoň jihhhh, tokh noBpe>KiieHHH óyAyT npOTei<aTb qepe3 
oaho pejie cooTBeTCTByiomeH 4>a3bi; b KOMnjieKTe jihhhh /— 
qepe 3 pejie 4>a3W B t b KOMiuieKTe jihhhh II — qepe3 pejie 
(j*a 3 bi C. riycKOBbie pejie cooTBeTCTByiomHx (|>a3 b KOMnjieK- 
Tax 3amHTbi (ycTaHOBJíeHHbix Ha o6enx jihhhhx) cpaóoTaioT, 
pejie HanpaBJíeHHH moiuhocth Ha cooTBeTCTByioi^ix $a3ax 
TaKHce cpaóoTaioT h npoH3BeAVT OTKJiioqeHHe BbiKjnonaTejieH 
oóeHx jihhhh. TaKHM oópa30M Bce noTpeÓHTejiH, nHTaio- 
mnecH ot oóenx jihhhh, 0CT3HyTCH 6e3 HanpHHceHHH. 
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CymecTByeT HecxoAbxo cneunaxbHbix cnocoOoB Bbinoa- 
h6hhh 3amHTw ot Me«Ay(|>a3Hbix nÓBpexcAeHHfí, oÓecneqH- 
BaiomHx oTKjno^eHHe TOJibKo oahoíí noBpexcxeHHoft ahhhh 
npH .naHHOM BHA6 nOBpe>KA6HHH. OAHHM H3 HHX HBAfleTCfl 
cnocoó C ÓAOKHpOBKOH A6HCTBHH 3aiUHTH OT Me)KAy<}>a3Hb!X 
noBpeACAeHHH nocpeACTBOM peAe HanpaBJíeHHH moiuhocth 
Hy^eBOH nocAeAOBaTeabHOCTH ((J)Hr. III, 95). 

Uenb OTKAioqeHHfl ot pejie MaxcHMaAbHofr HanpaBAeH- 
HOH 3 amHTbI npOXOAHT Mepe3 HOpMaAbHO 33 MKHyThie KOH- 
T3KTM npoMe>xyToqHoro pe^e 6 . KpoMe toto OHa MoaceT 
OKa3aTbCB 3aMKHyT0ÍÍ npH SaMblKaHHH HOpMaAbHO pa30MKHy- 
Tbix KOHT3KTOB peAe HanpaBAeHHH moiuhocth HyAeBoii no- 
cjieAOBaTeJibHOCTH 5 . npOMeacyToqHoe peAe 6 npnxoAHT u 
AeňcTBHe npn 3aMuxaHHH koht3Xtob peae 4, bxa ioqeHHoro 
«a tok Hy^eBoii nocAeAOBaTeAbHOCTH. 

CxeMa 3amHTbI B UeJIOM MOJKeT OTKJHOHHTb BHKAIOqa- 
TeJib npn CAeAyioiuHX ycAOBHax: 

1) ecAH peae 2 h 3 b c|>a3ax cpaóoTaioT, a peAe 4 h 5 
He cpaóoTaioT; 

2) ecAH peAe 2, 3 h 4 cpaóoTaxrr h peAe 5 Taxace cpa- 

óoTaeT Ha 3aMHxaHHe xoHTaxTOB. 

FlepBoe ycaoBHe cooTBeTCTByeT Me>KAy<}>a3H0My noBpeac- 
AeHHio 6e3 33MbiKaHHH na 3eMJJio, a BTOpoe—AByx<}>a3HOMy 
HAH ABOHHOMy 33MblK3HHK) Ha 36MAK) C TOK3MH nOBpeACAeHHH, 
COOTBeTCTBeHHO AOCT3TOqHbIMH AAH A6HCTBHH peJie 2 H 4 . 

% PaccMaTpHBaa ycAOBHx paóoTH 3aiUHTbi Ha jihhhhx I h 


JIHHHH / 3aAfbIKaeT CBOH KOHTaKTfcl, a Ha JIHHHH II AepXHT 
hx pa30MKHyTbiMH. CJieAOBaTejibHO, samHTa b ucaom Ha jh- 
hhh I c onepeacaioiueň noBpe»AeHHofi $a3oft B noAeficTByeT 

H npOH3BeAeT OTKAK)H6HHe BblKAIOqaTCJIH. Ha JIHHHH II C 

oTCTaiomefí noBpexcACHHOH 4 >a 3 oH C saiuHTa ne noAeficTByeT, 

H JIHHHH II 0CT3HeTCH B paÓOTe. 

Oah3ko b cAyqae aboShoto saMuxaHHx Ha 3eMAio na 
AByx pa3Hux yqacTxax OAHoro paAHaAbHoro HanpaBAeHHa 
MOAceT 0Ka3aTbCH 3a6A©KHpoBaHHo8 3amHTa Ha yqacrxe, 60- 
Aee yAaAeHHOM OT HCTOqHHKa IlHTaHHH, H OTKAIOqeHHe npo- 
H30HAST Ha yqacrxe, 6oAee 6ah3Xom k HcroqHHxy nHTaHHH, 
xoth 3amnTa ero. hmoot ÓOAbiuyio BWAepHcxy BpeMeHH. Ta- 
khm oópa30M HaAHqne ójiokhpobkh 3amHTbi b noAoÓHbix 
CAyqanx MoaceT npHBOAHTb k OTKjiioqeHHK) tfoAbinero xoah- 
qecTRa noACTaHUHH, qeM ecjiH 6bi 3aiuHTa abhhoh 6aokh- 
poBKH He HMejia. 

npH BKAIOHeHHH 33IUHTbI HO (j)Hr. 111,95 B CeTHX C 
AByxCTOpOHHHM IIHTQHHeM K3HÍAOH ÍIOACT3HUHH npH ABOHHOM 
3aMbIK3HHH Ha 3eMAK> B pa3HMX TOqxaX 3aiUHTa AeíiCTByeT 
b oahoh jroqKe h pa3AeAsreT ceTb Ha ABe qacTH [JI. 6]. 
B K 3 HCAOH qacTH ceTH ocTaeTCH OAHo^asHoe 3 aMbiKaHHe Ha 
3eMAK), KOTOpOe AHKBHAHpyeTCH OAHHM H3 yKa 3 aHHbIX BUUie 
cnocoóoB. npH 3tom MOAceT óhiTb coxpaHeHo nHT 3 HHe BCeX 
noTpeÓHTeAeň. 

npH npOeKTHpOBaHHH H yCT3HOBKe 3aiIXHTbI HeOÓXOAHMO 
HMCTb B BHAy, qTO HpH ABOHHHX 33MbiK3HHHX Ha 3eMXI0 B 



4>nr. 111,95. IIoAHaH cxeMa BKAioqeHHH KOMn^eKTa MaKCH- 
MaAbHOH HanpaBAeHHOH aaiUHTbl C ÓJIOKHPOBKOH AeňCTBHH 
3amnThi onepeacaiomeH noBpeACAeHHoíl 4 )a3M n pH abohhwx 

33MbIKaHHHX Ha 3eMJIK). 



^>«r. 111,96. BeKTopHaa 4>nr. 111,97. BeKTOpHan AHa- 
A«arpaMMa TOKa h HanpH- rpaMMa Toxa h HanpHHceHHH 
HceHHH HyjieBOH nocAeAO- HyAeBofi nocAeAOBaTeAtHo- 
B3TeAbHOCTH, nOABOAH- CTH, IIOABOAHMblX K 332KHM3M 

Mbix k 33 ACHM 3 M pe^e 5 peae 5 $Hr. III, 95 Ha jih- 
$«r. 111,95 Ha jihhhh I hhh II (J)Hr. 111,94. 

<J)Hr. III, 94. 


II (<}>Hr. 111,24) aah AByx$a3Horo saMWKSHHH na 3eMAio b 
pa3Hwx Toqxax, mohcho ycTaHOBHTb, qTO oahh H3 KOMnAeK- 
tob, BKJiioqeHHUx Ha 3thx ahhhhx no cxeMe <})Hr. III, 95, He 
CMOHCeT npOH 3 BeCTH OTKJIlOqeHHH BblKAIOqaTeAH. 

Ha <})Hr. III, 96 h III, 97 noKa^aHU ynpomeHHue BeK- 
TopHbie AwarpaMMbi tokob h HanpHAceHHH y ihhh noACTaH- 
UHH A COOTBeTCTBeHHO AAH AHHHH I H JIHHHH II npH AOIiy- 
meHHH, qTO HanpHAceHHe noBpencAOHHbix 4> a3 no oTHomeHHio 
K 3eMAe H TOK B HeiIOBpeHCAOHHblX 0a3aX paBHbl HyAIO. H3 

$ht. III, 96 h III, 97 bhaho, mto yroji CABwra $ a3 Mencxy 
TOKOM H HanpJDKeHHeM IiyAeBOH nOCAeAOBaTeAbHOCTH AAH 
jihhhh / h // OTAHqaioTCH Apyr ot APyra Ha 180°. Ecah ajih 
JIHHHH I 9TOT yTOA ÓOJIbUie 90°, TO AAH AHUHH II OH 
MeHbrne 90°. CjieAOBaTeabHO, oaho H3 pe^e HanpaBJíeHHH 
MOIIXHOCTH HyJieBOň nOCAeAOBaTeAbHOCTH ÓyAeT ASHCTBOBaTb, 

a BTopoe HeT. Tax Kax pe^e moiuhocth Hy^eBoň nocjieAO- 
BaTeAbHOCTH BKAKjqaeTCH AAH AeHCTBHH IlpH OTpHUaTeAb- 
hom 3Haxe moiuhocth Ha ero 3a>KHMax (cm. tji . III, § 27), to 
peae 5 cxeMW (j*nr. III, 95 b paccMaTpHBaeMbix yCAOBHHX Ha 


pa3Hux TOHKax b HenoBpe)KAeHHbix $a3ax MoryT HMeTb 
MecTO 3HaqHTeAbHwe tokh. Tax xax toxh HyAeBoS nocAeAo- 
BaTeAbHOCTH, Bbl3B3HHbie IIOBpeXCAOHHeM, HH0TA3 6bIB3K)T 

3 HaqHTeabHbiMH h xpoMe toto MoryT coBnaAaTb no Hanpa- 
BAeHHIO C T0X3MH Harpy3KH. IlpH BWÓOpe ip t m nyCKOBMX 
MaXCHM3JIbHbIX TOXOBblX peae STB TOKH AOAACHbl ÓbITb 
yqTeHU. 

npn abohhom saMwxaHHH Ha 3eMAio b pa3Hux Toqxax 
tok Hy^eBOH nocAeAOBaTeAbHocTH UHpxyAHpyeT no npoBo- 
abm noBpencAeHHUX $a3 cooTBeTCTByiomHX ahhhh h qepe3 
3eMAK). 

AxTHBHaH COCTaBAHIOIUan COnpOTHBAeHHH neTAH AAH 
npoTexaHHH Toxa HyAeBon nocAeAOBaTeAbHocTH b sthx yc- 
AOBHHX HBAHeTCH AOCT3TOqHO ÓOAblHOH. Il09T0My pe^e Ha- 

npaBAeHHH moiuhocth HyAeBofí nocjieAOBaieabHOCTH b 
cxeMe III, 95 neAecooépa 3 Hee npHMeHHTb c KocHHycHOÍí 
xapaxTepHCTHKOH, t. e. c P p ==u p *i ^-cos 9 ^. 

34 ) 4 >eKTHBHOCTb H 3 BeCTHHX CXeM MaKCHM 3 AbHOH HanpaB- 


9 PejieHHa» 3amHTa 
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JieHHOH 3amHTH c ÓJOKHpOBKOft fleHCTBHfl ]COMnJieKT& 3a- 
mHTbl Ha OAHOH H3 JIHHHH npH ABOfíHHX 3aMbIKaHHHX Ha 
aeMJiio b pa3Hux Touicax npaicTHKoň SKcnjioaiauHH eme He- 
A0CT3TOHHO npoBepeHa. 

MaKCHMajibHan ToxoBaa HanpaBJíeHHaa 3aiuHTa AByx- 
4>a3Horo BbinojiHeHHH (cm. tji. III, § 24) oóecnenHBaeT 6e3 
BCHKHX CneUHaJIbHWX ÓJIOKHpOBOK OTKJIIOHeHHe npHMepHO B 
67% cjiynaeB tojibko oahoto Mecia noBpexcAeHHH (cm. Tannce 
ni. II, § 11). IlosroMy AByx<|>a3Hbie cxeMbi, TpečyioiuHe ajih 
CBoero ocymecTBJíeHHH Taoce 3HanHTejibH0 MeHbmee kojih- 
secTBO oóopyAOBaHHH, neM Tpex4)a3Hbie, HanmiaioT b no- 
cjieAHee BpeMH noayqaTb mnpOKoe pacnpocTpaHeHHe h 
AOJDKHH ĎblTb peKOM6HAOB8Hbl K IlpHMeHeHHK) B KaneCTBe 
OCHOBHblX. , 

TaKHM oópa30M npaKTH^ecKH OTnaAaeT h HaAOÓHOCTb 
b cnei^HaJibHbix ÓJiOKHpoBKax npn abohhhx 3aMHKaHHHX Ha 


30. I1HTAHHE UEIIEfi HAIIPÍIMÍEHHÍI HAflPABJIEH- 
HblX 3A1UHT nPH OTCyTCTcHH HSMEPHTEJIbHbIX 
TPAHC4>OPMATOPOB HAIlPÍDKEHHíl B CETH flAH- 

Horo BbicoKoro haiipíi>kehhíi 

řípa OTCyTCTBHH B 3amHIU,aeMOH BblCOKOBOJIbTHOH CeTH 
H3M6pHT6JIbHblX TpaHC$OpMaTOpOB HanpHHCeHHH IIHTaHH6 OÓ- 

motok HanpHHceHHH pejie moiuhocth b pn^e cJiynaeB npeu- 
c TaBJíaeTCH bo3mojkhwm ocyiuecTBHTb upyrHMH cnocočaMH. 


Kax noKa3hiBaeT aHa*H3 [JI. 6], HaHBuroAHefíniHM Aa» 
Tpex4)a3Hwx pejie c hccctkhm iioaboaom HanpHHceHHJi npH 
chjiobmx TpaHC^opMaTOpax rpynnM Y/A-H HBJíHeTCH co 
qeiaHHe, OTBenaioiuee 60° cxeMe, b KOTOpoft, HanpHMep, 
4>a3HbIH TOK Ijl 3aiUHIUaeMOH JIHHHH B3aHM0A6HCTByeT C JIH- 
HeHHblM HanpHiKeHHeM Uqq CO CTOpOHH TpeyroJIbHHKa. 
Pejie AJIH 3TOH exeMU AOJnKHH BbIČHpaTbCH aKTHBHblMH 
(Pp — Up-ip COS <tp) HJIH ÓJIH3KHMH K HHM. 

OAHO<l>a3Hbie pejie, BKjiioqeHHbie no Taxon cxeMe, paóo- 
TaioT HeAOdaTOHHo HaAeacHO npn AByx(|)a3Hbix 3 aMWKaHHHX 
co CTopoHbí TpeyrojibHHKa TpaHC<j>opMaTOpa, Korua k oAHOMy 
H3 pejie MOHceT noABOAHTbcn HanpHaceHHe, 6JiH3Koe k Hyjno, 
h tok, CABHHyTbiň Ha yroa y pi npHÓJiHacaioiuHHCfl k 90°. 

OosTOMy a jih OAHO<J>a3Hbix pejie HanpaBJíeHHH moiuho- 
cth óojiee uejiecooépa3Ho npHMeHeHHe exeMU, aHajiornnHOH 
90°. B Heíl tok, HanpHMep, <J)a 3 bi A 3 aiUHiuaeMOH jihhhh 
coqeTaeTca c HanpHaceHHeM (J>a3bi C no OTHOineHHio k Hyjie- 
BOíí TO^Ke CHCTeMbl, B3HTHM CO CTOpOHbl TpeyrojibHHKa. 
PeJie b stoh cxeMe, xax h HopMajibHoň 90°-hoh, aojihcho óbiTb 
CMeuiaHHoro THna c BHyTpeHHHM yrjioM CABKra 8 ^ 45 c , 
peampyiomHM Ha Pp — u p -i p cos (y p + 45°). EpaTb b stom 
cjiynae HanpHaceHHe c|>a3bi no othoiuchhio k 3eMJie Hejib3H, 
TaK KaK npH B03M0HCHHX AJIHTeJIbHbIX OAHO<Í>a3HblX 3aMbIKa- 
HHHX Ha 3eMJIK) B CeTH CO CTOpOHH TpeyroJibHHKa TpaHC* 
4>opMaTopa k pejie MoryT noABOAHTbcn HanpaxceHHH, 6jih3- 
KHe K HyjIK). 

HeAOCTaTKOM aToro BKjnoqeHiiH aah AByx(j>a 3 HHX 3aiuHT 
HBJísieTCH HexoTopas caoxcHOCTb b nojiyneHHH HanpHJxeHHň 



d>Hr. 111,98. IlHTaHHe 
uenH HanpHixeHHH pe- 
jie moiahocth HyjieBoft 
n o c ji e a o b aT e JibH octh 
ot TpaHCíJjopMaTOpa 
TOKa, BKJIIOHeHHOro B 
uenb rjiyxoro 3a3eMAe- 

HHH HyjieBOH TOHKH 
3Be3AH CHJIOBOTO 
TpaHCíJjopMaTOpa. 


<l>Hr. 111,99. IlHTaHHe 
nenH HanpnHceHHH pe^e 

MOIUHOCTH HyjieBOH 110- 

cjieAOBaTejibHocTH ot 

OAHO(J)a3HOrO H3MepH- 
TejibHoro TpaHC(})opMa- 
Topa HanpsnxeHHH, 
BKjnoneHHoro MencAy 
HyjieBOH TOHKOH CH- 
CTeMH H 3eMJieH. 



FlpHMeHíieMbie BapnaHTbi 3aBHCHT ot toto, xaxne HanpHxce- 
hhb c^aaHbie, jiHHeHHbie hjih HyjieBOH nocjieAOBaTejibHOCTH 
TpeÓyiOTCH AJIH AaHHOH CXeMbl 3aiUHTbI. 

IlHTaHHe očmotok HanpHixeHHH pe^e, BKAiOHaeMbix 
Ha 4^B3Hbie hah AHHeŘHbie HanpniKeHHH. B 3 tom cjiyqae 
K OÓMOTKaM HanpHHCeHHH pejie MOIUHOCTH MOHCeT nOAaBaTbCH 
HanpHHceHne ot H3MepHTejibHux TpaHC(})opMaTopoB HanpnHce- 
HHfl, yCTaHOBJíeHHbIX CO CTOpOHbl OČMOTOK HH3UierO Hanpfl- 
XC6HHH CHJIOBblX TpaHC(})OpMaTOpOB CT3HUHH HJIH nOHHHCaiO- 

meíi noACTaHUHH, k niHHaM xoTopofi npHcoeAHHHeTca pac- 
CMaTpHBaeMHH KOHeu 3auiHiuaeMOH jihhhh. 

Ecjih CHjioBbie TpaHC(})opMaTopbi HMeiOT coeAHHeHHe 06 - 
motok 3Be3Aa-3Be3Aa, to pejie HanpaBJíeHHH moiuhocth mo- 
ryT BKjnonáTbCH no paccMOTpeHHbíM paHee 30° hjih 90° cxe- 
MaM. JIjw ocymecTBJíeHHH sthx cxeM k oči^oTKaM HanpflHce- 
hhh pejie HanpaBJíeHHH B3aMen JiHHefíHbix HanpHHceHHH co 
CTopoHbí Bbicmero^HanpHHceHHfi aojukhm noABOAHTbcn coot- 
BCTCTBeHHbie JiHHeHHbie HanpHHCeHHH CO CTOpOHbl HH 3 UierO 
HanpHHceHHH; TaK, HanpHMep, npH rpynne chjioboto TpaHC- 
4>opMaiopa Y/Y-12 cjieayeT ncnojib30BaTb OAHOHMeHHbie 
HanpaHceHHH. 

npH coeAHHeHHH CHjioBoro TpaHC(j)opMaTopa no cxeMe 
3Be3Aa-TpeyrojibHHK npHXOAHTCH noA^HpaTb Taxne Hanpn- 
xceHHH, KOTopue Aajni 6 h HaHBuroAHeHmHe 3 HaqeHHH moiu- 
HocTeň na saxcnMax peae. 
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no OTHOineHHK) K Hyjno CHCTeMW. Ecjih B KOHKpeTHWX yCJIO- 
bhhx nojiyqeHHe sthx HanpaaciHHH 3aTpyAHHTejibHO, Apny- 
CKaioT h ajih 0 AH0(J)a3Hbix pejie Hcnojib30BaHHe nepBoň H3 
paccMOTpeHHwx cxeM. 

IlHTaHHe očmotok HanpHHceHHH pe^e, BKJiio^aeMbix 
Ha 4>HAbTpbi HanpHHteHHťl nyjieBoň nocAeAOBaTeAbH octh. 
B ceTHX c Harjiyxo 3a3eMjieHHOH HyjieBOH to^koh uenn 
HanpH>KeHHH pejie moiuhocth HyjieBOH nocJieAOBaTejibHOCTH 
MoryT nHTaTbca ot TpaHc^opMaTopa TOKa, BKjnoHeHHoro 
,b uenb 3 a 3 eMJieHHH HyjieBOH tohkh TpaHCíJjopMaTOpa AaHHon 
noACTaHUHH ((pHr. III, 98), hjih ot Tpex TpaHC(})opMaTopOB 
Toxa, ycTaHOBjíeHHbix Ha BbiBOAax $a3 3Be3Abi TpaHcc^op- 
MaTopa k niHHaM 3amHiuaeMOH ceTH h coeAHHeHHbix b cxeMy 
rojibMrpHHa. TaKoe bk jnoneHne oóecneqHBaeT npaBHJibnyio 
pačoTy opraHOB HanpaeJieiiHH no toh npH^HHe, ^to bhc 
SaBHCHMOCTH OT HanpaBJíeHHH moiuhocth HyjieBOH nocjieAO- 
BaTejibHOCTH b 3aiUHiuaeMOH jihhhh HanpaBJíeHHe Toica 
HyjieBOH nocJieAOBaiejibHocTH b uenn TpaHC^opMaiopa oc- 
TaeTCH HeH3MenHHM; noaTOMy no neMy h bo3mo}kho B3a- 
MeH HanpHHCeHHH npOH3BOAHTb OpneHTHpOBKy 4>a3b! TOKa 
Iq B JIHHHH. 

HexoTopbiMH BunycKaeTCH pejie moiuhocth 

HyjieBOH nocjieAoeaTeJibHocTH c oČMOTKa^H, cneunaxbHO 
paccuHTaHHWMH Ha Taxoe np« coeAHHeHHe. npH Hcnoai>30Ba- 
hhh ajih saiUHTbi HHAyxUHOHHbix peae HanpaBJíeHHH X3M3 


CepHH HM-140 npHXOflHTCH OÓMOTKy HanpHHCeHHH 3aueHHTb 
Ha TOKOByio c AoóaBJíeHHeM Ha tom mg cepiieqHHKe cne- 
IJHaJIbHOH K0p0TK033MKHyT0fí OÓMOTKH. ílpH OTCyTCTBHH 
nocaeAHeH MarHHTHbie iiotokh Aeyx chctcm, onpeAejiaeMbie 
CAaraiomHMH tokob HyjieBofi nocjieAOBaTejibHocTH, npH- 
MepHO coBnaiiaiomHMH no $a3e, TaiQKe coBna^ajm 6 m no 
<j>a3e h AdBajiH pe3yjibTHpyiomHH spamaiomHH momcht, 
ĎJIH3KHH K HyJIlO [M ep = k$ A , <&£ • Sin < (<& A , <&£)]. 


npH OTCyTCTBHH HaiViyXO 3a3eMAeHHWX TpaHC(J)OpMaTO- 
pOB Ha AaHHOii nOACTaHUHH HJIH B CHCTeMaX C MaJIblMH TO- 
KaMH 3aMbiKaHHH Ha 3eMJiio HanpHaceHHe HyaeBoři nocjieAO- 
BaTeJIbHOCTH MOHCeT nOABOAHTbCfl K peJie OT OAHO$a3HOrO 
H3MepHTeabHoro TpaHC^opMaTopa HanpjoKčHHH, nepBH^maB 
OĎMOTKa KOTOpOrO BKAK)H6Ha MOKAy HyjieBOH TOHKOH 
3B63Abi TpaHC(JopMaTopa h 3eMJieň (íjwr. III, 99). 


TJIABA IV 

AHCT AHUHOHH A JI 3AIHHTA 


1. nPHHUHn flEHCTBHa 

MaKCHMa^bHbie TOKOBbie HanpaBAeHHue h He- 
HanpaB^ieHHue 3amHTbi, paccMOTpeHHue Bbirne, no 
npHHUHny CBoero AeňCTBHH He motah oóecne- 
qnTb cejieKTHBHoro n AcfcTaTOHHO Sbierporo ot- 
oroqeHHH noBpeacaeHHbix, AHHHň b pa3BHBaro- 
mnxca sHeprocncTeMax ripn noHBAéHHH napaA- 
AeAbHO paSoTaiomiix cTaHUHft n KOAbuoBaHHbix 
ceTeft. 

Tor^a aah ceTeft CAoatHoft KOH^nrypaunn 
h KOMMyTauHH 6 ha npeAAoaceH h pa3pačoTaH 
HOBblft, TaK Ha3bIBaeMUft AHCTaHUHOHHUft npHH- 
unn 3amHTbi. 

AHCTaHunoHHOft Ha3HBaeTCH 3amnT0, BbiAepw- 
Ka BpeMeHH KOTOpoft, onpeAeAHeMaH 1 ' b nepBOM 
npHč^nxceHHH paccTOflHneM (AHCTaHuneft) ot MecTa 
yCT3HOBKH 3amHTH ao MecTa noBpeacAeHHH, 3BTO- 
MamnecKH H3MeHaacb, BcerAa HMeeT HanMeHbmee 
3HaneHne y Tex peAe, KOTOpue 0Ka3HBai0Tca 
HančoAee 6 ah3ko pacnoAoxceHHbíMH k MecTy no- 
BpeacAeHna. 9 thm npnHnHnnaAbHO očecnean- 
BaeTca ceAeKTHBHoe OTKjnoaeHHe noBpeacAeH- 
hoto yaaCTKa b ceTax Aio6oň KOH^nrypaunn, c 
JIÍOČblM HHCAOM HCTOHHHKOB nnTaHHa, C OTHOCH- 
TĚAbHO HeČOAbUIHMH B CpeAHeM BblACpACKaMH 
BpeMeHH. 

npHHnnn AeftCTBna 3amHTbi pacCMaTpnBaeTca 
Ha npnMepe npnMeHeHHa ee aah paAnaAbHoft cem, 
HMeiomeň AByxcTopoHHee nnTaHHe (<Jmr. IV, 1). 
Tokh Harpy3KH aah npocTOTbi He yanTHBaioTca. 
3amnTbi b a3hhom CAyaae aoahchh 6uTb, oae- 
bhaho, yCTaHOBAeHM c o6enx ctopoh KaacAoň H3 
3amncnaeMbix ahhh0, TaK KaK tok mohcct HanpaB- 
jiHTbca k MecTy noBpeacAeHna c AByx ctopoh. 

BbiAepacKa BpeMeHH t AHcraHUHOHHoft 3ain,HTbi 
ocymecTBAaeTca 3aBHcameft ot OTHomeHHa Ha- 
npaaíeHHa u p hah ero CAaraiomefi u p cos (<? p — *) 

K TOKy ip B MOMeHT nOBpeHCAeHHH, t. e. 

cos ^-*) .], (IV, 1) 

rae, KaK. h paHee, <? P = ^C(u p , i P ), <[> —HeKOTO- 
pbift BHyTpeHHHft yroA CABHra peAe. 

HanpaaceHHe u p n tok i p paBHbí cooTBeTCT- 

ByioiAHM nepBHaHbíM HanpaHteHHio ÍJ h TOKy /, 
pa 3 ACAeHHbIM Ha K03$HAHeHTH TpaHC(|)OpMaUHH 

9 * 


H3MepHTeAbHbJX TpaHC<})opMaTopoB HanpHme- 
/ hhh n H h Tona n m . IloABeAeM k 3awHMaM pe^e, 
HanpHMep, npn Tpex(J)a3HOM MeTaAAHaecKOM ko- 
POTKOM 3aMbIK3HHH, npOHCmeAmeM B TOHKe F Ha 
paCCTXJHHHH / OT MecTa yCTaHOBKH 3amHTbI, AH- 
HeňHbift tok / h <J)a3Hoe HanpaHceHHe U=I-z A = 
= /• s t l, rAe HMneAaHC noAoncHTeAbHoft nocAe- 

AOBaTeAbHOCTH ahhhh Ha 1 km. BbiAepacKa Bpe¬ 
MeHH 3amnTbi b 9tom CAyaae, ecAH npHHaTbi <f p == 
= <J>, Bbipa3HTca CAeAyromHM o6pa30M: 

fJL\ 

t - f [-ítn f (T£ L 7 í )-f& •*■')• (iv ’ 2) 

\n m / 

TaKHM o6pa30M BbiAepacKa BpeMeHH 3amnTH 
0Ka3MBaeTca He 3aBHcameň ot 36coaiothux bcah- 
hhh tokob h HanpaaceHHft Ha 3aacHMax peAe h on- 



<J)Hr. IV, 1. flefiCTBHe SHCTaHUHOHHOH 3aLUHTbI B paflHajIbHOfl 
ceTH, HMeiomeň AByxcTopoHHee nnTaHHe. 


peAeAaeTca HCKAiOHHTeAbHo paccTOHHneM ao 
M ecTa noBpeacAeHHH. MeHbíHHM paccTOHHHHM co- 
OTBCTCTByiOT MeHbUIHe BHAepHCKH BpeMeHH, H Ha- 

oóopoT. řloaTOMy 3amHTbi S h 4 noBpejKAeHHOň 

AHHHH BC KaK éAHHCaftlHHe K MeCTy KOpOTKOTO 
3aMbIKaHHH (paCCTOHHHH l 3 H / 4 ) nOAeŽCTByiOT 
b nepByio oaepeAb h ceAeKTHBHO ee OTKAionaT. 
3amHTbi 1 ví 6 TaKHce npnAyT b AeftCTBHe; oa- 
HaKO KaK 6oAee yAaAeHHbie (paccToaHHa l x h / 6 ) 
OHH CpaÓOTaiOT KaK pe3epBHbie TOAbKO B TOM 
CAyqae, ecAH no KaKHM-AHÓo npHHHHaM yqa- 
ctok BC He SyAeT OTKAJoneH cbohmh 3anxHTaMH. 
3amHTM 2 h 5 HaxoASTca Ha thkhx xce paccToa- 
HHHX OT TOHKH nOBpeHCAeHHH F, KaK H 3aiH,HTbI 3 
h 4: ÍIoaTOMy ohh motah 6u HeceAeKTHBHO cpa- 
ĎOTaTb OAHOBpeMeHHO C 3aUÍHTaMH 3 n 4, OCTaBHB 

6e3 HanpH>KeHHH noACTaHHHH B h C. A^ifl npeA- 
oTBpameHHH stoto AHCTaHUHOHHbie 3amHTbi CHa6- 
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maioTCH opraHaMH ManpaBAeHHa mohxhocth, pa3- 
peuiaiomHMH hm AeňcTBOBaTb TOAbKo npa Ha- 
npaBaeHHH moihhocth ot iuhh b ahhhio (cm. tji. III). 
npH noBpeacfleHHH b Tomce F tokh noBpexcAeHHa 
/' h /" HanpaBJíeHbí k iunHaM noACTaHipifl B h C 
h nosTOMy 3amHTH 2 h 5 Hece^eKTHBHo nojieňCT- 
BOBaTb He CMoryT. OpraHbí HanpaBAeHHa MOift- 
HOCTH He TpeČyiOTCH TOAbKO AAH AHCTaHUHOHHHX 
3amHT, ycTaHaB^iHBaeMbix Ha paAHajibHbix ahhhhx 

C OAHOCTOpOHHHM IlHTaHHeM. 

HeoĎxoAHMo oTMeTHTb, ^to Hcnojib30BaHHe pejie, pea- 
rwpyiomHX Ha ocTaiaqHbie HanpHHceHHH, nponopuHOHaabHbie 
paCCTOHHHK) £0 MeCTa KOpOTKOTO 3aMbIKaHHH, B3aM6H peae, 
pearHpyiomHx Ha othoui6hh6 Hanpa>KeHHH k Toky juih ocy- 
meCTBJíeHHSl 3aiUHT, IIOAOĎHblX JlHCTaHUHOHHWM, He JiaeT 

& oómeM cnyqae yaoBjíeTBopHTejibHbJx pe3yjibTaTOB. Sto 
oÓT>acHfleTC5i TeM, mo ociaToqHbie Hanpa>KeHHfl, nponop- 
UHOHajibHbie ToxaM, MoryT BecbMa CHJibHo KOJieóaTbca npH 
H3MeHeHH5IX pe>KHMOB paÓOTbl CHCTeMbl. npH 9TOM HMCJIH 
6bi MecTO cooTBeTCTBylomné HeaonycTHMbie H3MeHeHH& bw- 
AepxceK BpeMeHH 3amHTbi.. 

2. OCHOBHbIE OPrAHbl 3AlUHTbI 

JlHCTaHUHOHHaa 3amHTa HBAaeTca oahož h3 
Han6oÁee caohchhx coBpeMeHHbix 3auiHT h b o6meM 
cjiyaae coctoht H3 cjie^yromax ocHOBHuxopraHOB: 

1) nycKOBoro opraHa, HasHaneHHeM KOToporo 
HBJíaeTCH nycK 3amHTbi b aeňCTBHe b momcht 
B 03HHKH0BeHHH noBpeHCAeHHa; 

2) opraHa BbiAepwKH BpeMeHH, cocToamero H3 
OMMeTpa h ycTpoflcTBa, co3Aaiomero BHAepacKy 
BpeMeHH; OMMeTp, pearapyioniHň tfa OTHOuieHne 
«p(hah ero CAaraiomeň) k i p aoahcch ycTaHaBJín- 
BaTb yAa^eHHOCTb noBpexcAeáHa no OTHomeHHio 
K MeCXy yCT3HOBKH 3aill.HTbi; 9/ieMeHT BblAepHCKH 

BpeMeHH, ocymecTB^iaeMbifl, HanpnMep, b bhas 
OTAeabHoro peAe BpeMeHH hah aacoBOro MexaHH3- 
«a, c/iyacHT aah co3A3hhh BbiaepacKH BpeMeHH 
3amHTbi, cooTBercTByK)Hieň onpeAeAaeMOMy om- 
MeTpoMpaccTOHHHio ao MecTa noBpeacAeHHa;opraH 
BbiAep»KH BpeMeHH onpeAeAaeT cneuHťJjHHecKHe 
CBOftCTBa AaHHOfl 3am.HTbi; 

3) opraHa HanpaBAeHHa moihhocth, npeAOTBpa- 
maiomero AeňcTBne 3amHTbi npH HanpaBAeHHH 
MoniHocTH no 3amnmaeMofi ahhhh k mHHaM noA- 
CT3HUHH, Ha KOTOpoS 9Ta 3aiItfITa yCT3HOBAeHa. 

nepeaHcaeHHue opraHbí h 9AeMeHTH KOHCTpyK- 
THBHO 0(|)0pMJIH!0TCH HAH B BHA6 OAHOrO CAOJKHOrO 
KOMÓHHHpoBaHHoro peAe, Ha3biBaeMoro ahct3huh- 
OHHBIM, HAH B BHAe OTAeAbHbIX doAee npOCTblX 
peAe. HeoóxoAHMO TaKHce HMeTb b BHAy, hto 
OTAeAbHbie opraHbí AHCTaHHHOHHoň 3am,HTbi hho- 
rAa coBMemaioTca b o6T>eAHHeHHbix gaeMeHTax. 
Tax, HanpnMep, coBMemaiOT nycKOBOž opraH hah 
OMMeTp c opranoM HanpaBAeHHa moiuhocth. Taxne 
KOMČHHnpoBaHHbie 9AeMeHTU Ha npaxTHKe npHMe- 
HHIOTCH OTHOCHTeAbHO peAKO, T*aK KaK HMeiOT 
yxyAraeHHbie xapaKTepncTHKH bxoahxhhx b hhx 
opraHOB no cpaBaeHHio c BapnaHTOM pa3AeAbHoro 
BbinoAHeHHa nocAeÁHHX. OAHaxo npn hx ncnoAb- 
30B3HHH CX,eMU OÓblHHO OCynieCTBAHlOTCa MeHb- 
ihhm KOAHaecTBOM peAe. 
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a XAPAKTEPHCTHKH BbWEPMCKH BPEMEHH 

XapaKTepHCTHKa BbiAepacKH BpeMeHH npeA- 
CTaBAaeT 33BHCHMOCTb BpeMeHH AeflCTBHH 3aniHTU 
ot paccToaHHH ao MecTa noBpeacAeHHa, KOTopoe, 
xax yxa3biBaAocb Bbirne, onpeAeAaeTca OTHonie- 
HneM u p (hah ero cocTaBAaionxeň) k i p . 

STO OTHOUieHHe HMeeT pa3MepHOCTb COnpOTHB- 
iíeHHH (omh). B HacToanjee BpeMa HCnoAb3yioTCfl 
TpH OCHOBHHX THna xapaKTepHCTHK BblAepweK 
BpeMeHH: 

1) HaKAOHHbie (4)nr. IV, 2 a); 

2) CTyneHnaTbie (4>Hr. IV, 2 6); 

3) KOMČHHHpoBaHHue (4>nr. IV, 2 b). 
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<^Hr, IV,2. Tanbi xapaKTepHCTHK Bu^epaceK BpeMeHH aw* 
CT3HUHOHHOH 3aiUHTbí. 

a — HaKJioHHasi, 6 — CTyneiwaTafl, e — KOMÓHHnpoBaHHaa* 

HaxAOHHHe (naaBHo 3aBHCHMHe) xapaKTepH-i 
cthkh AaioT BpeMeHa ac^ctbhh, B03pacTaiomHe c, 
yBeAHaeHHeM oTHomeHHa HanpameHHa k ToxyHa 
3a»HMax peAe; ohh xapaKTepH3yiOTCH TpeMa bh- 
AepacKaMH BpeMeHH: ochobhhm BpeMeHeM t u c 
KOTopWM 3aniHTa AeflCTByeT npn MeTaAAHnecKHx ' t 

3aMbIK3HHHX y M$CT3 ee yCTaHOBKH oj; : 

BpeMeHeM AefiCTBna t v cooTBeTCTByiomHM noBpeac- 
A6HHBM b npeAeaax paccToaHHH, KOTopoe MoaceT 
3aMepHTbca oMMeTpoM; npeAeAbHMM BpeMeHeM 4; 



c KOTopuM 3amHTa AeňCTByeT npn yAaAeHHbix 
noBpe%AeHHHX, pacnoAOXceHHbix 3a npeAeAaMH 
3aiiepHeMHx oMMeTpoM paccTOHHHň. JXnn oÓAerne- 
hhh corflacoBaHHfl pačoTbi 3amHT CMeacHux ynacT- 
kob BpeMeHa t x , t 3 , a Tanxce hbkaoh xapaKTepncTHK 
o6biuHo bo3moxcho peryAHpoBaTb. 

CTyneHHaTbie xapaKTepncTHKH OTAHaaioTca ot 
H 3KAOHHbIX B OCHOBHOM TeM, MTO COXpaHHIOT nOCTO- 
HHHyio BbiaepacKy BpeMeHH npn H3MeHeHHax ot- 

HomeHHH ~. p b onpeAe^eHHux npeae^ax, Ha3HBa- 

l p 

eMbix 30H3MH. Hhcao 30h b ueAax ynpomeHHa 
cxeM 3amHT o6hhho orpaHHHHBaeTca TpeMa. B 
nepBoň 3oae 3amHTa pačoTaeT c ochobhoA bm- 
AepxcKofi BpeMeHH t u KOTopaa, ican npaBHAO, 
onpeAexaeTca m/ibKo cočcTBeHHbíM BpeMeHeM 
bxoahwhx b cxeMy MrHOBeHHbix pexe. BTopaa h 
T peTba 30HbI HMeiOT COOTBeTCTByiOIUHe HCKyC- 
cTBeHHO co3AaBaeMue BbiAepxcKH BpeMeHH ř 2 h t s . 
C BbiflepxcKoň. BpeMeHH TpeTbefi 3 ohh 3aiu,HTa 
pačoTaeT npn* yaaaeHHbix noBpexcAeHHax, pac- 
no^oaceHHbix BHe 3aMepaeMoň OMMeTpoM 30Hbi. 
flAHHbl nepBOň H BTOpOfi 30H 3aiHHTbI, a TaKHCe BH- 
flepwKH BpeMeHH BTopoň h TpeTbeň CTyneHeň ee 
BunojiHHioTCH peryAHpyeMbiMH. C^eayeT OTMe- 
THTb, hto TpeTbefi 30He CTyneHaaToň xapaKTepn- 
CTHKH COOTBeTCTByeT npH HaKAOHHOfi XapaKTepH- 
CTHKe pa6oTa3aui,HTH c npeAejibHHM BpeMeHeM t $ . 
OaeBHAHO Taxxce, hto HaKAOHHyio xapaKTepHCTHKy 
moxcho paccMaTpHBaTb Kax npeAeA CTyneHaaTofi, 
HMeiomeft oneHb SoAbmoe hhcao CTyneHeň. 

KoMČHHnpoBaHHbie xapaKTepacTHKH npeacTaB- 
ahiot coaeTaHHe HaKAOHHUx co CTyneHHaTbiMH. 
B Haqa^ibHoň aacTH, cooTBeTCTByiomefi nepBoň 
30He CTyneHaaToň xapaKTepncTHKH, ohh o6ecne- 
HHBaioT aeficTBHe 3amHTbi c ochobhhm BpeMeHeM t x . 
lípa noBpeacAeHHax b npe^e^iax BTopoň 3 ohh 
3amnTa .aeftCTByeT c BpeMeHeM, 3aBHC8infiM ot 
paccTOHHHH ao MecTa noBpeac^eHHa. HaKOHen, npn 
ya,afleHHbix noBpexcAeHHax, pacnoAOxceHHbix BHe 
30Hbi, 3aMepaeM0fi OMMeTpoM (TpeTba 30Ha), 3amH- 
Ta pačoTaeT c npeAeAbHofi BbiAepxcKoň BpeMeHH t z . 
3th xapaKTepncTHKH HMeiOT oóbiHHO peryjiH- 
pOBKy 30Hbi MTHOBeHHoro AeňCTBHH, npeae^bHoro 
BpeMeHH H KpyTH3HÍJ HaKAOHHOfi H3CTH, a T3KXCC 
B03MoxcHOCTb nepeMemeHHH nocAeAHeň napaA- 
acamio caMoň ce6e. 

BuAep>KKH BpeMeHH OTCTaHUHOHHOft 3amHTbI 
C H3KAOHHbIMH XapaKTepHCTHK3MH AAH paAHaAbHOfi 
CeTH C AByXCTOpOHHHM nHT3HHeM npHBejeHH Ha 

(Jmr. IV, 3. 3amHTbi paccMaTpHBaeMoň ceTH aoa- 
xcHbí 6biTb CHa6)KeHbi opraHaMH HanpaBAeHHH moiu- 
hocth. rioaTOMy cor^acoBaHHe xapaKTepHCTHK 
CMe>KHbIX yqaCTKOB npOH3BOAHTCH pa3AeAbHO AAH 
pefle 5,3,1, AefiCTByiomHx npn HanpaBAeHHH TOKa 
noBpeHcaeHHa CAeBa HanpaBO, h aah pe^ie 2,4,6, 
AeficTByiomHx npn HanpaBaeHHH Tona cnpaBo 
Ha^eBO (cm. tji. III). 

HaxjioHHue xapaKTepncTHKH npHHUHnHa^bHO 
BbiĎHpaioTca c^eayiomHM o6pa30M. Ochobhoc Bpe- 


Ma t u c kotopum 3amHTa AeflCTByeT npn noBpeac- 
Aohhh y MecTa ee ycTaHOBKH, BučHpaeTca no 

B03M0HCH0CTH MHHHMa^bHblM. BblAepHCKa BpeMeHH 
AaHHoň 3aniHTbi npn noBpexcAeHHH y hihh cmchc- 
Hoň noACTaHHHH (HanpHMep, ihhh B js,jia 3amn- 
TH 1 ) h AaAee Ha coceAHHx ahhhhx b HanpaB- 
AeHHH ee B03MoxtHoro AeňcTBHH, onpeAeAae- 
mom opraHOM HanpaBAeHHa, aoaxchh HMeTb Bean- 
MHHy MHHHMyM Ha CTyneHb Ař čoAbuiyio, aeM y 
3amHT CMexcHbix sAeMeHTOB. 3 thm očecneaHBaeT- 
ca CeAeKTHBHOCTb AeňCTBHH 3aiHHTbI npH KOpOT- 
KOM 3aMblK3KHH BHe AaHHOft AHHHH. IIpH 9TO,M A^H 



4 >Hr. IV, 3 . HaK.ioHHbie xapaKTepncTHKH BHnep>Kei< BpeMeHH 

AHCTaHHHOHHOH 3aiHHTbI A^fl CeTH C AByXCTOpOHHHM nHTaHHeM. 


yMeHbuieHHa BpeMeHH aoSctbhh 3 amHTbi CMexc- 
Hbie axeMeHTbl AOAXCHH HMeTb 3 aaiHTH C AOCTa- 
TOHHO MaAMMH BHAepXCKaMH BpeMeHH. npeAeXb- 
Hbie BbiAepx<KH BpeMeHH 3 au;HT t z BuĎHparoTca, 
Kax h A-aa MaK.CHMaxbHofi tokoboř HanpaBAeHHOň 
3 amHTbi, no BCTpeaHO-CTyneHqaTOMy npHHnnny (cm. 
ta. III). npeACTaBAeHHe 3 autHTe bo 3 moxchocth 
A eňcrBOBaTb npn kopotkom 3 aMbiKaHHH Ha CMexc- 
Hbix yqacTKax AaeT Bp 3 MOxcHOCTb ocymecTBHTb 
pe 3 epBHpoB 3 HHe 3 aniHT nocaeAHHX h hx BUKArona- 
TeAeň. Tax, HanpHMep, npn kopotkom 3 aMUKaHHH 
Ha ynacTKe BC h OTKa 3 e b AeftCTBHH ero bukaio- 
naTeAa 5 cpaSoTaeT . 3 amHTa 1. OrpaHHneHHe Ha- 
KAOHHOň aacTH xapaKTepncTHK He 3 aBHCHMofl ropn- 
30 HT 3 AbH 0 ň C BpeMeHeM t z 4 >HKCHpyeT B 03 M 0 XCHbie 
MaKCHMaAbHbie pe 3 epBHbie BpeMeHa AeňcTBHa 3 a- 
iaht, He 3 aBHcauiHe ot BeAHHHH, 3 aMepaeMux 
OMMeTpaMH. TpyAHOCTH npn noA^ope xapaKTepn- 
CTHK B 03 HHK 3 I 0 T npH H 3 AHHHH KOpOTKHX ynaCTKOB, 
a Taxxce npn corAacoBaHHH 3 auiHT noCAeAHHX c 
3 am,HTaMH coceAHHx yqacTKOB čoAbmeft aahhh. 
npH MaAoň AAHHe 3 autHniaeMOfi ahhhh aah noA- 
6 opa HeoSxoAHMoň BbiAepxcxH BpeMeHH b KOHue 
ee npnxoAHTca yBeAHHHBaTb xpyTH 3 Hy xapaKTe- 
pHCTHKH ( 3 aUI,HTa 3). IlpH 9 T 0 M MOXCeT nOHBHTbCa 
B 03 Mox<HocTb ee nepeceaeHHH c xapaKTepHCTH- 
KOfl 3 amHTbi CAeÁyiomero, SoAee aahhhoto ynacT- 
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Ka (3amHT0ň I). IlosTOMy b paae cAyqaeB hbah- 
eTca ueaecoo6pa3HbiM yBeAHqHBaTb ocHOBHoe Bpe- 
mh 4 3amHT KopOTKHx yqacTKOB, H36eraa sthm 
3HaqHTeabHoro yBeaaqeHHH KpyTH3Hbi hx xapaxTe- 
PHCthk. Ha 4>nr. IV, 3 sto CAeAaHO a«kh 3amHT 3 
h 4. riofloSpaHHue yKa3aHHbiM o6pa30M xapaKTe- 
pHCTHKH očecneqHBaioT oTKAioqeHHe TOAbxo no- 
Bpexc^eHHoro yqacTKa, Ha kotopom 3aiiurrbi paóo- 
T3K)T (<j)HI\ IV, 3) C MHHHMaAbHblMH Bp6M6H3MH. 

, noAÓop CTyneHqaTbix xapaKTepHCTHK nonasaH 
Ha <J>hi\ iv,4. Bhao 6bi aceAaTeAbHO oxBaTHTb 
bck) A^iHHy 3amamaeMoň ahhhh nepBoň MrHOBeH-, 


tcmc& 



<$Hr. IV, 4. CTyneHnaTue xapaKTepncTHKH BHaepweK Bpe¬ 
MeHH AHCTaHUHOUHOň 3ai«HTU ajih CeTH <|>Hr. IV, 3. 



hhh; npa 9tom b cayqae noBpeacAeHHH b Haqaae 
CMeacHoro yqacTKa Aaace npH MaxcHMaAbHbix 
ouiHÓKax b 3aiwepe 3ani,HTa éyAeT paóOTaTb c 
BblAepHCKOň BpeMeHH 4 BTOpoň 30HbI. 9Ta BH- 
AepacKa BpeMeHH BbiÓHpaeTCH Ha CTyneHb Ač 
čoAbinefi, qeM y 3ainHT CMeatHHx yqacTKOB (Ha- 
npHMep, OCHOBHOň BbJAepHCKH HX JHCTaHHHOHHblX 
3am.HT). ,Hah npeAOTBpameHHH HeceaeKTHBHofi 
paSoTbi aaHHOň samHTbi (HanpHMep, 1) npn ko- 
pOTKOM 33MbIKaHHH BO BTOpOft 30He 3aiUHTbI CMeHC- 
hoto yqacTKa (3am,HTbi 3) BTopaa 30Ha AOAacHa 
KOHqaTbCH b npeaeaax 70 — 80 % CMeacHoro 
yqacTKa. yqHTHBaa paccMOTpeHHbie Bbirne 
OIHHÓKH B 3aMepe, BTOpyiO 30Hy KOHÍaiOT 
Ha pacCTOHHHH 20 — 40 % CMeacHoro yqacTKa 
npn paBHOft ^jiHHe ahhh8. BbwepacKH Bpe¬ 
MeHH 4 TpeTbeň pe3epBHoň 3ohh AHCTaHunoH- 

hoS 3amHTbi, pačoTaiomeň He33BHCHMO ot 3aMe- 
poB oMMeTpa, BMĎHpaiOTCH no BCTpeqHo-CTyrieH- 
qaTOMy npHHUHny, Kaic H3BecTHO (cm. ta. III,) 
BCTpeqHO-CTyneHqaTbiň npHHUHn oóecneqHBaeT 
ce^ieKTHBHoe oTKAioqeHHe noBpeacAeHHň b KOAb- 
U,eBbIX CeTHX TOAbKO npH HaAHHHH ochoto hc- 
’ tčen , 

Saamtu 1,3,5 _-^ 



Onr. IV, 4'. BapHaHT CTyneHqaTHX xapaKTepHCTHK npa Maaoft 4>Hr. 1V.5. KoMĎHHHpoBaHHbie xapaKTepHCTHKH BHiepacen 
fl.iHHe yqacTKa BC. BpeMeHH ahct3Huhohhoh 3amHTH jmh ceTH <j>Hr. IV, 3. 


ho8 30H0ň. OflHaKO 3aniHTa npn stom npaKTH- 
qecKH He pa3AHqaAa 6u MecTa noBpeacAeHHH b 
KOHue 3amHmaeMoro yqacTKa h Haqaae cae^yio- 
mero, Tax xax pa3HOCTb conpoTHBAeHHň ao hhx, 
onpeAeaaeMaH TOAbxo uihhhhmh coeAHHeHHHMH 
noflCTaHUHH, HHqTOHCHO MaAa. Heo6xoAHMO Taxace 
yqHTHBaTb OH1HÓXH B 38Mepe OMMeTpOM pac¬ 
CTOHHHH ao MecTa noBpeacAeHHH, oóycAOBAeHHbie 
HeToqHOCTbio paóoTH caMoro OMMeTpa, Hetoq- 
HOCTblO paÓOTbl H3MepHTeAbHHX TpaHC<J)OpMaTO- 
poB Toxa h HanpaaceHHH,, BAHHHHeM HecHMMeT- 
pnHHbix nepexoAHbix conpoTHBAeHHň b MecTe 
noBpeacAeHHH, bahhhhcm tokob Harpy3KH, H3Me- 
HeHHeM conpoTHBJíeHHH 3amHmaeMofl jihhhh 3 a 
cneT H3MeHeHHH TeMnepaTypu ee npoBOAOB h t. a- 
BcjieACTBne 3thx ouihčok Toqxa, onpeAeAHiomaH 
KOHeu nepBofl 3ohm, MoaceT b yoiOBHHx SKcnao- 
aTaiiHH nepeMemaTbca BAOJib jihhhh Ha HeKOTO- 
pyio BeAHHHHy +A/. ÓosTOMy nepBoň 30 Hoň 
OĎUqHO 0XB3TbIBai0T TOJIbKO 70 -:-80% A^IHHbl AH- 
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TOqHHKa nHTaHHH. /iHCTaHUHOHHaa 3amHTa npH- 
MeHHeTCH B CHCTeMaX ^C AIOĎHM HHCAOM hctqhhh- 
kob nHTaHHH. B nocAeAHeM cayqae npHXOAHTCH 

CqHT3TbCH C B03MO)KHOCTblO HeCeAeKTHBHOfl paÓO¬ 
Tbl 3aiHHTbI B TpeTbHX 30HaX. B yKa3aHHbIX yCAO- 
BHHX MOHCeT T3KHCe HMeTb MeCTO HenpaBHAbHOe 
AeftCTBHe AHCTaHUHOHHOň 3amHTbI C HaKAOHHblMH 
xapaKTepncTHKaMH b CAyqae paóoTbi ee c npeAejib- 
hhmh BbiAepacKaMH BpeMeHH 4- y^iyqmeHHe 
MOTAO Óbl ÓblTb AOCTHTHyTO npH OCymeCTBAeHHH 
samHT c qeTbipbMH 3 oh3Mh; oah3ko b iieAHX ynpo- 
meHHH cxeM Ha sto, Kax npaBHAO, He HAyT. 
npH stom yqHTbiBaeTCH Taxace to, hto TpeTba 
30Ha HBAHeTCH pe3epBHO&, npeAHa3HaqeHHOft a^ih 
A eňCTBHH TOAbKO b HexoTopbix qacTHux CAyqanx, 
HanpHMep, npH KOpOTKOM 3aMbIK3HHH BO BTOpOft 
30He CMeacHoro yqacTKa, 3auiHTa KOToporo 
OTxa3aAa, hah npn yBeAHqeHHOM 3aMepe om- 
MeTpoM BCAeACTBne SoAbuiHx nepexoAHbix co- 
npOTHBAeHHň (cm. HHXCe). npH HaAHHHH KOPOT- 




khx yqacTKOB b h 6 kotophx cjiyqaax He ynaeTca 
ocymecTBHTb nepByio 30Hy 3amuTH BBH^y OTcyT- 
CTBHH OMMeTpOB AOCTaTOMHO BblCOKOS qyBCTBH- 
Te^ibHOCTH (yqacTOK BC 4>nr. IV, 4'). Toraa Becb 
ynacTOK 3am,HmaeTca c BbmepacKoň BpeMeHH t 2 
BTopoft 30Hbi ,oéycaoB^HBaa noBbmieHHue Bbmepac- 
kh BpeMeHH, t" BTopux CTyneHefl CMeacHbix 
ynacTKOB (č," AoaacHO 6biTb >• t 2 '). Kax CJieny- 
ct H3 4>Hr. IV, 4, npHMeHeHHe npaBH^bHO no- 
aoópaHHbix CTyneHHaTbix xapaKTepHCTHK Taxace 
oóecneqHBaeT ceaeKTHBHoe OTK/noqeHne TOflbKO 
noBpeacAeHHoro yqacTKa, 3am,HTbi xoToporo pa- 
6 oTaioT c HaHMeHbniHMH BHflepacKaMH BpeMeHH. 

rioa,6op KOMÓHHHpOBaHHUX XapaKTepHCTHK 
npoH3BOAHTca cor.aacHo cooópaaceHHHM, npHBe- 
aeHHbíM Bbíme ,zmh nepBbix AByx cJiyqaeB (<f>Hr. 
IV,5). BHAepaCKH BpeMeHH 3aiIIHT, C KOTOpbIMH 
ohh paóoTaioT Ha nepBHx yqacTKax, jwa Bcex 
THnoB xapaKTepHCTHK Bbi^e^eHbí Ha <j>Hr. 3,4 h 5 
yTO^meHHblMH JIHHHHMH. 

CpaBHeHHe CBOfiCTB AHCTaHHHOHHbIX 33IHHT 
C p33HbIMH THnaMH xapaKTepHCTHK npHBOAHT K 
caeayromHM bhboabm: 

1. CTyneHqaTHe xapaKTepHCTHKH oSecneqHBa- 
k)t MTHOBeHHoe OTKaioqeHHe HOBpeacaeHHB Ha Ha- 
qa^ibHbix 70 h- 80% aaHHM .hhhhh. noBpeacaeHHH 

B 9T0ÍI qaCTH JIHHHH, npHMblKaiOmefi K OCHOBHblM 
CTaHUHHM H nOACTaHHHHM, HBJIHIOTCH Hanfio/iee 
onacHMMH /via CHCTeMbi, TaK KaK MoryT Bbi3BaTb 
CHjibHyio nocamcy HanpaaceHHň Ha uiHHax 6 jih- 
acaftuiHx no^CTaHBHň. npn HaKaoHHbix xapaKTe- 
pHCTHKax yKa3aHHbie noBpeacaeHHfl 3a HCKJiioqe- 
HneM pacnoaoaceHHbix HenocpeacTBeHHO y ihhh 
noACTaHHHft oTKjiioqaioTCH c BH^epacKoň BpeMeHH. 

2. noBpeacAeHHH Ha yAaaeHHbix ot MecTa ycTa- 
HOBKH 3amHT 20-5-30% flJIHHbl JIHHHH OTKJIIO- 
qaroTcn npn cryneHqaTOň xapaKTepHCTHKe b 06 - 
meM cjiyqae HecKOJibKO MeA-aeHHeň, qeM npn 
HaKaoHHoft ( 4 )Hr. IV,6 ). OanaKO sth yAaaeHHue 
noBpeacaeHHH MeHee onacHbí ajih cHCTeMbi. He- 
oóxoaHMo TaKHce OTMeTHTb, hto b cpeaneM no 
Bceň A-anHe ;ihhhh CTyneHqaTaa xapaKTepncTHKa 
oóecneMHBaeT Menbinne BpeMeHa OTKaioqeHHň, TaK 
KaK BbJHrpbim bo BpeMeHH (-f- Ha <J>Hr.IV,6) óKa- 
3biBaeTca óojibniHM, qeM npoHrpbim (— Ha toř 
ace $nrype). 

3. HaKaoHHbie xapaKTepHCTHKH o6ecneqHBa- 
ioT čoabuiyio aerKocTb h HajreacHOCTb coraaco- 
BaHHH BbiaepaceK BpeMeHH 33 ihht CMeacHbix yqacT- 
kob, OAH3KO opraHbí Bbi^epacKH BpeMeHH, aaio- 
IH,He HaK./IOHHbie xapaKTepHCTHKH, aBJíaioTca 3Ha- 
qHTeabHO Soaee cjiohchhmh. 

4. KOMČHHHpOBaHHbie xapaKTepHCTHKH B H3BeCT- 
HOfi Mepe oĎ^eaHHflioT aocTOHHCTBa CTyneHqaTHX 
xapaKTepHCTHK (MrHOBeHHaa nepBaa 30Ha) c ao- 
CTOHHCTBOM H3KaOHHbIX (6oabUiaa aeTKOCTb H 
HaaeacHOCTb coraacoBamia), oaHaKo KOHCTpyK^ 
thbho opraHbí BM^epacKH BpeMeHH aaa hhx no* 
jiyqaioTCfl cToab ace c^ohchhmh, KaK h y peae c 

HaKJlOHHblMH xapaKTepHCTHKBMH. 


B CBH3H C H330aCeHHbIMH Bbíme COOĎpaaceHHH- 
mh b HaČToamee BpeMH HaHÓojibuiee pacnpocT- 
paHeHne hmciot 3amHTbi co CTyneHqaTHMH h 

KOM0HHHpOBaHHHMH XapaKTepHCTHK3MH. 


4. OPrAHbl BbIflEP>KKH BPEMEHH 


OTHomeHHe u p (hah ero caaraiomeň) K i p 
npHHHTo Ha3biBaTb conpoTHBaeHHeM Ha 3aatHMax 
peae. 3 to conpoTHBaeEHe (j)H3HqecKoro 3HaqeHH« 
He HMeeT, HBaaeTca (Jjhkthbhhm h noBTOMy 
npeacTaB^aeT coóoň ToabKo HeKOTopyio pacqeT- 
Hyio BeaHHHHy, yaoÓHyro aaa BHqHC^eHHft. 

OpraHH BbiaepacKH BpeMeHH KJiaécH^HimpyioT- 
ca no xapaKTepy yKa3aHHoro <|)HKTHBHoro co- 
npÓTHBJíeHHH, Ha KOTopoe ohh pearapyioT. Ilpn 
9T0M no aHaaOrHH C (J)H 3 HqeCKHMH COOTHOmeHHHMH, 
.xapaKTepH3yiomHMH TpeyroabHHK na^eHnii Ha- 
npaaceHHH b jihhhh npn Tpex<|)a3HOM kopotkom 
3aMHK3HHH (<j)Hr. IV, 7), pa3aHqaroT caeayiouiHe 
ocHOBHbie THnbi opraHOB BM^epacKH BpeMeHH: 



4>nr. IV,6. CpaBHeHHe bc/ih^hh 
BUA epHíeK BpeMeHH flHCTaHHHOHHHX 
3amHT c HaKJioHHWMH h CTyneH- 
qaTbiMH xapaKTepHCTHKaMH npn 
noBpexczieHHHX Ha 3aiuHii;aeMOH 
jihhhh. 


<DHř. IV,7. BeKTopHan 
AHarpaMMa Tona h Ha- 
HpflHCeHHfl, nOABOAH- 
Mbix k 3a>KHMaM opra- 
HOB BblAepHCKH Bpe¬ 
MeHH. 


1. HMneAaHCHbie opraHU, pearapyiomae Ha 
BeanqHHy noaHoro (Jjhkthbhoto conpoTHBaeHHH 
Ha hx 3aacHMax: 



(IV,3) 


2. PeaKTaHCHHe opráHU, pearnpyioniHe Ha 
BeanqHHy peaKTHBHoň c^araiomeň ^hkthbhoto 
conpoTHBaeHHa Ha hx 3aacHMax: 


u p . 

x p —-r- sin <f p . 
l p 


(IV,4) 


3. Pe3HdaHCHbie opraHbí, peampyiomne Ha BejinqHHy 
aKTHBHoň cjiaraioii;e3 4 )HKT ^ [BHoro conpoTHBjíeHHH Ha hx 
3a>KHMa^: 


r p =-f-cos <p p . 


(IV,5) 


UMne^aHOHbie opraHbí npHMenaioTca r^aBHbíM 
o6pa30M aíih ocymecTB^eHHa 3auiHT B03AyuiHux 
ceTeft HanpaaceHHeM 35 kV h HHace, a Taxace 
Kače^ibHUx ceTefi Bcex HanpaaceHHň. 
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JUh 3amHT B03AyniHux ceTeň HanpaxceHHeM 
110 kV h Bbirne name npHMeHHioTCH peaKTaHCHbie 
opraHU. 3 to Bbi3BaHO t eu, hto hx paóoTa MeHee, 
qeu HMneAaHCHbix, noABepaceHa bahhhhio 3kthb- 
HUX COnpOTHBJíeHHfl, HanpHMep, BOAbTOBUX Ayr, 

B Meere noBpeacAeHHH, HCKaacaiomHX 3aMep ah- 
CT3HUHH. ConpOTHB^eHHH MCe BOAbTOBblX Ayr B 

ceTHx BucoKoro HanpaaceHHH HMeioT 6ÓAbmne 
3HaqeHHH, qeM b cbthx cpeAHero h HH3Koro Ha- 
npaaceHHň. 

llpHM6H6HH6 peaKTaHCHHX opraHOB B CeTHX 
cpeAHero HanpHAteHHH aah yMeHbmeHHH bahhhhh 
Ha paóoTy 3awHTH aKTHBHux nepexoAHbix co- 
npoTHBaeHHá, a Tanace conpoTHBAeHnfl Ayr, mueio- 
iahx MeHbmyio, ho Bce ate KOHenHyio BeAHHHHy, 
OÓUHHOHe IIpaKTHKyeTCH. IlpHqHHU 9T0r0 — MeHb- 
Hiaa b paAe CAyqaeB TOHHocTb, óoAbmaH caohc- 
HOCTb KOHCTpy KUHH H ČOAee BHCOK3H HeHa peaK¬ 
TaHCHUX 3aiHHT no CpaBHeHHK) C HMneAaHCHUMH. 

Pe3HCTaHCHue oMMeipu 6 hah b cBoe Bpeina npejwoHceHH 
jan 3amnibi peaKTHpoBaHHux KaóejibHux ceTeň, HMeiouinx 
npeHMymecTBeHHo aKTHBHoe conpoTHBJíeHiie. Hx npuMeHe- 
HHe AOA5KHO 6bIJIO yeTpaHHTb BAHHHHe Ha 3aMep AHCTaHUHH 
cocpeAOio^enHbix peaKTaHCoB peaKTopoB. OAHaKo Ha npaKTH- 
ae ohh paciipocTpaneHHa He noayqn.iH, Tax KaK paccMaTpHBae- 
Hbie cbth MoryT b cayqae HeoĎxoAHMocTH 3ammnaTbCH 
čoaee npocToii HMneAaHCHofi 3amnTOH. 

K opraHaM BUAepJKKH BpeMeHH KpoMe oóiuhx 
T pečoBaHHfi, npeATjHBAaeMbix k hhm, Kax h k 6oAb- 
JHHHCTBy OCHOBHUX peAe (CM. TA. II,), npeA^HBAH- 
eTca xaKHce pha cneiONjmqecKHx TpeOoBaHHň. 
Ohh BUTexaioT H3 npHHAnna a60ctbhh 3amHTH, 
ycaoBHň Bbičopa a^ih Hee xapaKTepacTHK BUAep- 
xceK BpeMeHH h cboahtch k cAeAyiomeMy: 

1. OpraHU AOA5KHH no B03M0H{H0CTH tohho 
pearHpOBaTb , Ha BeAHHHHU COnpOTHBAeHHfi ( Zp , 
Xp, r p ) He33BHCHMO OT aĎCOAIOTHblX 3HaqeHHfi Up, 
ip h yrAa <p p Me*Ay hhmh. 

2. OpraHU co ETyneHqaTofi xapaKTepHCTHKoň 
AOAjkhu HMeTb no B03M03KH0CTH SoAbniyio qyBCT- 
BHTeAbHocTb, xapaKTepH3yeMyio cooTBeTCTByio- 
H1HMH HMneAaHCOM TpOraHHH Zp.m, peaKT3HC0M Tpo- 
raHHH Xp. m HAH pe3HCT3HCOM TporaHHH r p . m. P33AH* 
qaiOT peAe MaKCHMaabHoro h MHHHMaAbHoro thitob. 
Peae MaKCHMaAbHoro THna AefiCTByeT (3aMbiKaa 
HAH pa3MHKaa KOHT3KTbl) npH yBeAHqeHHH 
conpoTHBAeHHH Ha cbohx 3aHCHMax ao 3apaHee 
yCT3HOBAeHHOft MHHHM3JIbHOH BeAHHHHU. PeAe 
MHHHMaAbHoro THna AeňCTByeT npH yMeHbmeHHH 
conpoTHBAeHHH Ha 3aatHMax ao 3apa"Hee ycTaHOB- 
AeHHOH MaKCHMaAbHOfí BeAHHHHU. flpHHUHnHaAb- 
ho oaho h to ace peAe MoaceT 6uTb' MaKCHMaAb- 
hum hah MHHHMaAbHbíM. PaccMaTpHBaeMuň opraH 

He33BHCHMO ©T THna MOHCHO CHHTaTb TCM ĎOAee 
qyBCTBHTeAbHHM, qeM MeHbmee conporHBAeHHe 
TporaHHH Ha hcm mohcho ycTaHOBHTb, noTOMy hto 
c yMeHbineHHeM conpoTHBAeHHH TporaHHH yMeHb- 
uiaeTCH AAHHa ynacTKOB, Ha kotopux MoaceT 
óbiTb npHMeHeHa AaHHaa 3amHTa. 

3. OpraHU c HaKAOHHoň xapaKTepHCTHKoň 
AOahchu AaeaTb B03M0HCH0CTb noAyqeHHH xapaK- 
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TepHCTHK C AOCTaTOqHO ĎOAbHIOň KpyTH3H0ft, 
HeOÓXOAHMOň AAH npHMeHCHHH 3aiUHTH T3KHCe 
Ha kopotkhx yqacTKax. 

4. OpraHU co CTyneHqaTofi xapaKTepHCTHKoň 
AOAhchu HMeTb peryAHpyeMue conpoTHBAeHHH 
TporaHHH H BUAepHfKH BpeMeHH BTOpOŘ H TpeTb- 
eň 3oh, opraHU c h3kaohhož xapaKTepHCTHKoň 
—peryAHpoBKy h3kaoh3 nocAeAHefl, ocHOBHoro 
h npeAeAbHoro BpeMeHH. 

KoHCTpyKTHBHO CAeAyeT pa3AHqaTb ABa ochob- 
hhx BunoAHeHHH opraHOB BbiAepacKH BpeMeHH: 

1) nocpeACTBOM MrHOBeHHOAeňcTByiouj,HX pe¬ 
Ae conpoTHBAeHHH, BUnOAHHKHUHX 4)yHKHHH OM- 



4>Hr. IV, 8. IlpHHUHnHaAbHaa cxeMa 9 JieKTpoMarHiiTHbix 
peae MHHHMaAbHoro conpoTHBAeHHH MrHOBeHHoro achctbhh. 



4>nr. IV, 9. SaBHCHMOCTb conpoTHBAeHHH TporaHHH peae 
MHHHMaAbHoro HMneAaHca ot Tona b* ero tokoboíí oómotkc. 

MeTpa, h oTAeAbHux peAe BpeMeHH, co3AaiomHX 
BUAepacKy BpeMeHH, cooTBeTCTByiomyio 3aMepeH- 
HOMy conpoTHBAeHHio: 

2) nocpeACTBOM cneuHaAbHbix peAe, coBMemaio- 
mHX (JjyHKHHH OMMeTpa H 9AeMeHT3 BpeMeHH H 
paóoTaiouiHX, cAeAOBaTeAbHo, c BbiAepHCKOň Bpe¬ 
MeHH, cooTBeTCTByiomeů 3aMepeHHOMy cohpothb- 
AeHHIO. 

5 * HCn0JIb30BAHHE MrHOBEHHOHEflCTByiO- 
UIHX PEJ1E COnPOTHBJIEHHfl flJIfl OPITAHOB 
BblAEPMíKH BPEMEHH 

PeAe conpoTHBAeHHH MrHOBeHňoro AeflCTBHH 
OĎUHHO BUnOAHHKJTCH Ha SAeKTpOMarHHTHOM, 
HHAyKUHOHHOM HAH 9AeKTpOAHH3MHqeCKOM npHH- 

HHnax. 

SAeKTpoMarHHTHwe peAe conpoTHBAeHHH. 

ripnHUHnHaAbHaH cxeMa BunOAHeHHH peAe MHHH¬ 
MaAbHoro THna (MHHHMaAbHoro HMneAaHca) noKa- 
3aHa Ha (Jmr. IV, 8. Peae HMeeT kopomucao, Ha 

KOTOpoe B03AeňCTByK)T B npOTHBOnOAOHCHHX Ha- 

npaBAeHHHx ABa BpamaiomHx MOMeHTa, oahh hs 

KOTOpUX 33BHCHT OT í p , a Apyroft OT Up- 



MOMeHTH Mm TOKOBOŘ CHCTeMM H M H CHCTe- 
mh HanpaaceHHfl moacho cnreraTb nponopimoHaAb- 
HblMH COOTBCTCTBeHHO KB3ApaTaM 'l p H tt p l 

M m -i p y=k m • řp; (IV,6) 

M H = k' H -(w H -i H y=k H -tf. (IV,7) 

řípu HopMa^bHoft pačoTe M h nepeBeuiHBaeT 
H pe^e AepaCHT CBOH KOHTaKTbl pa30MKHyTblMH. 
npH B03HHKH0BCHHH KOpOTKOTO 3aMbIK3HHH TOK 
b 3amHmaeMo8 ahhhh b o6meM CAyqae yBeAmiH- 
BaeTca, a HanpHHceHHe noHHacaeTCH. npH 9 tom 
peAe MrHOBeHHO AeftCTByeT, 3aMbiKan KOHTaKTbi, 
ecAH M„<^M m . IlpeHeóperaa AočaBoaHHM Me- 
XaHHaeCKHM MOMeHTOM M m , OČyCAOBAeHHHM, 
HanpHMep, AeficTByiomeň Ha kopommcao npyacn- 
Hoň H CHAaMH TpeHHH, MOHCHO CHHT3Tb, HTO AeftCT- 

BHe peAe HacTynHT yace npH M M =M m hah 
k H u p —k m • i p . JIpyruMH CAOBawH, peAe noAefiCT- 
ByeT npn iiohh3K6hhh HMneAaHca Ha ero 3aacH- 
Max ao BeAHHHHbí HMneAaHca TporaHHH z p . m , paB- 
HO0 _ 

<W) 

TaKHM oópa30M H/ieajibHoe pe^ie HMneAaHca 
aojdkho, KaK to h TpeĎyeTca, paóoTaTb He3aBH- 
CHMO OT aĎCO^IOTHblX 3HaqeHH0 HaiIpH}K6HHH H 
TOKa, k HeMy no^BeAeHHbix (npHMaá a (fmr. IV,9). 

IlpH jieHCTBHH Ha npaByio ajieKTpoManjHTHyio CHCTeMy 
peae h eu p , a moiuhoctch sin <p p hjih ti p -i p . cos<p p , no- 
jiyqHM cooTBeTCTBeHHO pejie peaniaHca hjih pe3HcraHca. 

PeajibHbie KOHCTpyKijHH pe^e oójraAaioT 04 - 

HaKO B TOŮ VLJIYI HHOS CTeneHH 3aBHCHM0CTbI0 OT 
3HaqeaHň tokob h HanpHxceHHň. 3 to oóycJiOBjm- 
BaeTCH HajiHHHeM M m h HacbímeHHeM MarHHTO- 
npOBO^OB. 

npH yqeie M m pe;ie cpaóoTaeir npH bbiiiojihchhh ycao- 
bhh M h 4 - M m = M m hjih k H *u 2 p -\- ~k m *i p ; no 3 TOMy 
HMneAdHC TporaHHH OKa 3 UBaeTC$r paBHbíM 



TaKHM o6pa30M npn Maaux i p HMneaaHc TporaHHH oxa- 
3HBaeTCH npeyMeHbiueHHHM (qacrb 8 KpHBbix (})Hr. IV,9). 

MHHHMajibHbiň tok, npn kotopom pejie MOXCeT 
AeftCTBOBaTb, npeo^o^eBan MexaHHqecKHň momcht 

CQUpOTHBJICHHH (ít p = 0), Ha3bIBaeTCH TOKOM TpO- 

raHHH Í p . m . 

npH ĎOJIbUIHX TOK3X ^JieHOM ”" ./ OÓbRHO MOHCHO npe- 
Heópenb, * H mi p 

ripn HacbímeHHH cepaeqHHKa tokoboh chctcmh npH tom 
M ce 3iiaqeHHH HanpHHceHHH u p ajih co3JiaHHH Bpamaiomero 
MOMeHTa M m , AOCTaTOHHOrO flJIí! A6HCTBHH peJie, HeOÓXOAHM 
ÓOJIbUIHH ip, TaK KaK K09^)HUHeHT k m yM6HbIlia6TCH* TaKHM 
oópa30M HacbímeHne tokoboh chctcmh eíphbojiht k yMeHb. 
1U6HHK) Zp t m (KpHBafl B (J)Hr. IV, 9). HBaHHCb AOCTaTOHHO 6bI. 
CTpOfleHCTByiOmHMH, peJie B paCCMOTpeHHOM 3JICMeHTapHOM 
BH^e HMeioT 3aBHCHMocTb ot yraa y p h MoryT HeHa^eHíHO 
paÓOTaTb. 3 tO o 6 t»HCHHCTCH 3aBH(CHMOCTbK) MTHOBCHHHX 3Ha- 
qeHHH MOMeHTOB M h H M m OT BpeMCHH (CM. TJI. II) H BJIH- 

hhhcm aMnepBHTKOB oÓmotok TOKa HanpHHceHHH Apyr Ha 
Apyra. jIjih yjiyqmeHHH napaMeTpoB pejie B^nojiHHiOTj Ha¬ 


npHMep, CHdeMy HanpHxceHHH b bhac AByx sjíeKTpoMarHHTOB 
C TOKdMH, C^BHHyTHMH no ^36, HJIH HCI10JIb3yK)T UJIH Hee* 
BbinpHMJieHHblH TOK. 

PeryAHpoBKa z p . m npOH3BOAHTcn npeaMyiue- 
•CTBeHHO noepeACTBOM H3MeHeHHH HHCA3 BHTKOB 
W m OÓMOTOK TOKa HAH BKAIOHeHHeM AOĎaBOHHÍJX 
conpoTHBAeHHň b uenb HanpHHceHHH. 

HeodxoAHMO HMeTb b BHAy, hto peryAapoBKa 
JIOCpeACTBOM H3MeHeHHH W m TOKOBOií ueiIH o6y- 
CAOBAHBaeT H3MeHeHHe i p . m ; TaK, HanpHMep, npH 
yMeHbmeHHH w m , a CAeAOBaTe^ibHO, h z p . m BABoe, 
ip.m yBeAHHHBaeTCH COOTBeTCTBeHHO B ABa pasa. 
npH H3MeHeHHH Z p . m HOCpeACTBOM peryjiHpoBKK 
W H OĎMOTKH HanpHHceHHH H3MeHHeTCH B KBSApaTe 
MOmHocTb, 3a6HpaeMaa ot TpaHC^opMaTopoB Ha- 
npHHCeHHH. Sto OĎyCAOBAHBaeTCH TeM, l lTO conpo- 

% M m 


$nr. IV,10. npHH- 
UHnHa^bHaa cxeMa 
HHAyKUHOHHOrO pe- 
■ne ' MHHHMajibHoro 
COnpOTHBfleHHfl MrHO- 
BCHHoro fleiicTBHa. 

THBAeHHe OĎMOTKH HanpHHceHHH peAe npHMepHO 
nponopuHOHa^bHO KBaApaTy nncAa ee bhtkob. 
TaKHM o6pa30M noAyneHHe peAe c mhahmh z p . m , 
a CAeAOBaTeAbHo, SoAbuiHM noTpeĎAeHHeM b uenn 
HanpflAceHHH, aoaxcho b paAe CAynaeB orpaHH- 
HHBaTbCH TeMH MOIUHOCTHMH, KOTOpbie MOryT 
6 biTb noAyneHbí ot TpaHC<}>opMaTopoB HanpsoKe- 
HHH npH COXpaHeHHH HeOĎXOAHMOň TOHHOCTH HX 
paĎOTU, a TaKACe B03M0HCH0CTbI0 BHnOAHeHHH 06 - 
motok c HeoSxoAHMoS TepMHqecKoň ycToflqH- 

BOCTbK). 

HHAyKUHOHHbie peAe COnpOTHBAeHHSI. OAHa 
H3 'B03M0MCHUX npHHUHnH3AbHbtX CXeM BbinOAHe- 
hkh peAe MHHHMaAbHoro HMneAaHca npnBeAeHa 
Ha <J)Hr. IV, 10. Ha ahck peAe AeňcTByioT ABa 
SAeKTpoMarHHTa, HMeiomne KopoTK03aMKHyTbie 
BHTKH Ha CBOHX nOAIOCaX. HaAHHHe K0p0TK033M- 
KHyTblX BHTKOB OĎeCHeHHBaeT C03A3HHe KaHCAHM 
9AeKTpoMarHHTOM 3a cneT AByx CABHHyTHx npo- 
CTpaHCTBeHHO H IIO $a3e nOTOKOB COOTBeTCTByiO- 
mero Bpamaiomero MOMeHTa. Bhtkh pacnoAo- 
JKeHbí Ha noAiocax TaK, hto M h h M m AeflCT- 
ByiOT Ha AHCK B npOTHBOnOAOJKHbie CTOpOHbl 
(cm. ta. II.) 06motk3 npaBoro SAeKTpoMarHHTa- 
nHTaeTca tokom i p , k oďmotkc AeBoro npHAO- 
aceHo HanpHmeHHe u p . JIhck HMeeT npope3 no 

AHaMeTpy AAH HCKAKmeHHH BAHHHHH CHCTeM TOKa 

h HanpHHceHHH Apyr Ha Apyra, t. e. aah očecne- 
qeHHH He33BHCHMOCTH AeňcTBHH peAe ot yrAa 
CABHra <p p . 

Mm H Mh npn OTCyTCTBHH HaCHmOHHH MOryT 
ÓHTb npHHHTbl, KaK H AAH SAeKTpOMarHHTHbIX 
CHCTeM, nponopAHOHaAbHbíMH KBaApaTaM i p re 
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HanpmkeHue 


OHr.IV,ll. npHHuniiHa/ibHafl 
cxeMa HHJiyKUHOHHoro pejie 
MaKCHMajibHoro HMneAaHca 
MrHOBCHHOrO JI6HCTBHH THIia 

HM-120 X9M3. 

a — cxeMaTHHecKHfí bha; 6 — npHH- 
imn aeHCTBH?r. 1 — CHCTeMa Hanpa- 
xceHHa; 2— CHCTeMa toká; 3 — ko- 
pOTKo3aMKHyTbie bhtkh; 4— aaioMH- 
HHeBbiň ahck cneana^bHoň (popMhi; 
5 — IlOABHKHblft KOHTaKT; 6 — 6e3- 
lOMeHTHbifl tokoiioaboa; 7 — HenoABHxeHbift koht3kt c ynopoM; £ — niKaaa 
peae; 9 — nocTOBHHbift Marmu; 10 — čajiaiic. 



u p (IV, 6 h IV, 7). npH HopMa^bHoň paóoTe 
nepeBeraHBaeT M H h pe;ie AepacaT koht3kt 
pa30MKHyTblM. npH B03HHKH0BeHBB nOBpe>KA6HBH 

pe^e MrHOBeHHO AeňcTByeT, ec/ia BMneAaHC Ha 
ero 33>KHMaX nOHB3BTCH AO Be/IHHHHbl, MeHbffleS 
h^ih paBHoíi z p . m (IV, 8). PeryAnpoBKa z p . m MoaceT 
npOH3BOAHTbCH, KaK y SJíeKTpOMarHHTHbIX CHCTeM. 

X3M3 BbinycKaeT pe;ie MaxcaMaAbHoro BMne- 
AaHca THna HH-120. Hx OT^HHHTe^bHOň ocoéeH- 
HOCTblO HBAHeTCH TO, BTO OHH HMeiOT CneUHa^b- 

Hyio <J)opMyAHCKa4((|)Hr. IV,11), ofiecnenaBaiomyto 

B03M0JKH0CTb IUiaBHO.fl peryABpOBKB Zp.m. 

npH noBopoTe AHCKa no HanpaBAeHaio qacoBoň 
^CTpe^KH na yroji a ot HeKOTOporo Hana^bHoro 
noflO*eHHH ftoA noAioc tokoboA CHCTeMbi 2 c ko- 
p0TK033MKHyTblM BHTK0M 3 nOABOABTCH 6oAbUiaa 
ero noBepxHOCTb. řípa stom yBeaaqaBaeTCH M m 
BcneacTBHe yBeaaqeHHH AeAcTByiomeA Ha ahck 
CH abi h nepeMemeana tohkh ee npHaoaceHHH 
b HanpaB^eHHH ot och AHCKa. OqepTaHae 
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Aacxa b 9T0fl aacTH BbiĎapaeTca t3khm, hto 

M m = k m -% : ct- .(IV, 10) 

B aacTH, HaxoAameňca noA cacreMoA Hanpa- 
acchhh /, oaepTaHHe Aacxa BbičHpaeTca tskbm, bto 
c yBejiHaeHHeM yrjia a noA noAiocoM ocTaeTca Bce 
MeHbmaa qacTb noBepxttocTB AHCKa. B pe3y-ibTaTe 
9T0T0 MOMeHT OT CHCTeMH HanpHHCeHHH 

M H =k H -u 2 p - ±~. (IV, 11) 

npa HopMaabHoň paňoTe HanpaHeHHe k peae 
He noABOAHTCa (o6motk3 HanpaaceHHa He paccqa- 
TaaaHa A-flHTejibHoe BKaroneHae noA HanpaaceHHe). 
B 9tom cayqae peae AepacaT cboh KOHTaKTbi 5,7 
33MKHyTbIMH IIOA AeACTBBeM He6o.7IbIUOrO MOMeHTa, 
tsk Ha3HBaeMoň 6e3MOMeHTHoA npyacaHbí 6 h 
MOM eHTa OT ip, eCAH TaKOBOfi HMeeT MeCTO B 
3amHiu,aeMofl jihhhh. npa B03HHKH0BeHHH noBpeac- 
AeHHH nycKOBoň opraH 3ain,BTbi noABOAHT k o 6- 
MOTKe peae HanpaaceHae, co3Aaiowee BpamaiomaA 
MOMeHT, AeňcTByiomHň b CTOpOHy pa3MbncaHHa 
K0HT3KT0B. PeAe MTHOBeHHO HOAeftCTByeT, pa3Mbb5 
xaa KOHTaKT, npH BbinoAHeHHH ycAOBHH (npeHe- 
Óperaa MexaHHaecKHM momchtom M m ): M H %M m 

h^h 

TaKHM o6pa30M pe^e paóoTaeT npn noBbiiueHHH 
HMneAaHca Ha ero 3aacHMax ot Hy-aa ao BejiHHHHbí, 
paBHOft HAH ČOAbUieft 

Zp.m -(IV,12) 

H 3 (IV,12) CAeAyeT hto z p . m npaMO nponop- 
UHOHa^ieH yray noBOpoTa ahck 3 a. nosTOMy 
naaBHaa, peryaHpoBKa peae paccMaTpHBaeMoň 
KOHCTpyKHHH npOH3BOAHTC3 nocpeACTBOM nOBOpO- 
Ta AHCKa OTHOCHTeAbHO nOAIOCOB 9AeKTpOMarHH- 
tob / h 2 Ha cooTBeTCTByiomHS yro^i a. Ilpn t3kom 
noBopoTe MOMeHT npyacHHbí 6, AeňCTByiomHň Ha 
nOABHACHOň KOHTaKT peAe 5, OCTaeTCa HeH3MeHHHM, 
Tax Kax noBopoT Ancxa ocymecTB^aeTca nyTeM 
nepeMemeHHa no HenoABHacHoS Ayroo6pa3Hofl 
iuxaae 8 caMoň koht3kthoA CHCTeMbi (HenoABHac- 
Horo KOHT3KT3 7), K KOTOpOft CBOĎOAHblM KOHUOM 
npHKpenaeHa npyacHHa. 

Oómotkh Toxa h HanpajKeHHH peae pa3AeAeHbi 
Ha ABe nacTH. ílosTOMy pa 3 anqHHM BKaioqeHHeM 
qacTeň očmotok— noc^ieAOBaTeabHbíM nan napaa- 
aeabHbíM—H3MeHaioTca npeAeíibi peryaHpoBaHHa. 

Peae c pa3MbixaiomHM koht3ktom no3BoaaeT 
yMeHbUIHTb COÓCTBeHHOe BpeMH AeňCTBHH KOH- 
CTpyKUHH, AOBeAH ero ao BeanqHHbí nopaAKa 
0,05 ceK.; npa 3aMMKaiomax KOHTaKTax sto 
B peMa OKa3biBaeTca 3HaqaTeabHO SoabmaM. 

Peae BwnycKaeTca b AByx MOAHfpHKannax: 
HH-121 a HH-122, pa3Hamaxca npeAeaaMa pery- 
aapoBKH. B 3aBHCHM0CTH ot coeABHeHHH qacTeň 
oSmotkh HanpHHceHaa (napaaaeabHoe aaa no- 
caeAOBaTeabHoe) y nepBoro Tana z p . m peryaa- 











pyeTCH b npe^e^ax 0,2 — 1,2 2 hah 0,4 — 2,4 2, y 
BToporo Tana cooTBeTCTBeHHo 0,6—32 k 1,2—62. 

ÍIoctohhctbom peAe sB^HeTCH ero Bucoxan 
qyBCTBHTe^bHOCTb. K OCHOBHblM HeAOCT3TKaM 
othocbtch: čoAbmHe norpeuiHOCTH b 3aMepe npn 
tok3x, MeHbiiiHX 7 — 10 A (ao 15%), SoAbmoe 
noTpedfleHae moiuhocth o6motko 8 HanpaaceHHH 
npn MHHHMa.ibHoft ycTaBKe (nopaAKa 140 VA) h 
H eKOTopue Apyrne. 

Kax noKa3ajin npoH3BeAeHHbie b nocAeAHee 
BpeMfl HcnuTaHHH, KaaecTBO peAe MoaceT 6biTb 
HecKOJibKO noBbiiueHO, ecAH ero KopOTK033MKHy- 
THe bhtkh noBepHyTb Ha 180°. 

Ha 4>**r. IV, 12 H 3 o 6 paaceHa npHHimnHaAbHaa 
cxenia peAe MaKCHMaAbHoro peaKTaHca THna 
HP-105 X3M3. MarHHTHaa CHCTeMa peAe coctoht 
H 3 flByx 9 ^ieKTpoMarHHTOB: BepXHero 1 Tpexerepac- 
HfeBoro h HHHCHero 2' noAKOBOo6pa3Hoft 4>°P MU > 
MeacAy KOTOpbiMH yKpenAeH ahck3. Ha cpeAHeM 
cepAeaHHKe BepXHero aaeKTpoMarHHTa pa3MemeHa 
očMOTKa HaapaaceHHH, Ha HHacHeM 9AeKTpoMarHH- 
Te — oĎMOTKa, nHTaeMaa tokom i p . K uenn Hanpa- 
aceHHH oMMeTpa noABOAHTca ABa nocAeAOBaTeAbHO 
BKAroaeHHbie HanpaaceHHa: nepBoe u p ot H 3 Me- 
pHTe^bHbix TpaHc4>opMaTopoB HanpaaceHHa qepe3 
aBTOTpaHC<í)OpMaTOp 4, BTOpOe e OT BTOpHqHOft 
očmotkh HeHacbímaiomerocH npoMeacyToqHoro 
TpaHC<i>opMaTopa Toxa 5 (MarHHTonpoBOA BunoA- 

HĚH C B03AyUIHblM 3a30pOM), BKAHJHeHHOrO nOCAe- 
AOBaTeAbHo b TOKOByio nenb. B nenb HanpaaceHHa 
pejie BAioqeHa eMKocTb 6, co3AaK>Hiaa pe30HaHC 
HanpaateHHň. EMKOCTb uiyHTHpoBaHa axTHBHHM 
conpoTHBAeHneM 7, cAyacamHM a-hh HacTpofiKH 
noAyqaiomerocH KOHTypa. 

BeKTopHaa AnarpaMMa peAe AaHa Ha <|>Hr.I.V,13. 
OTAeAbHbie BeAHHHHbí, b Hee BxoAflHiae, 03HaqaiOT 
CAeAyiomee: 

i p — tok, noABOAHMHň k peAe; ero 

BeKTOp npHHHT 3a HCXOAHUfi 
npa nocTpoeHHH AnarpaMMbi; 

u „’ = - s -— HanpaaceHHe Ha BTopnaHoň cto- 

” ti a 

poHe aBTOTpaHC<|)opMaTopa Ha- 
npaaceHHH, paBHoe ero nep- 
BHHHOMy HanpaaceHHio, asach- 
HOMy Ha K09(|>HHHeHT TpaHC- 

4>opMauHH n a ; 

«P p — yroA CABHra MeacAy ip n coBna- 
AaiouxHMH MeacAy co6oň no (Jme 
u! p h u p , onpeAeAaeMbiň xapaK- 
TepOM noBpeacAeHHH h cxe- 
mo 8 BKAioHeHHH peAe; 

—MarHHTHblň nOTOK B MarHHTO- 
npoBOAe npoiweacyTOHHoro 
TpaHC^opMaTopa TOKa, npo- 
nopuHOHaAbHWň i p H OTCTaiO- 

uíHft ot Hero Ha HeKOTopbiň 
yroA f'; nocKOAbKy i p aBAaeTca 
noqTH noAHOCTbio HaMarHHqn- 
BaiomnM (tok b uenn Hanpaace- 


hhh MaA, yroA onpeAeAaeTca 
B OCHOBHOM aKTHBHblMH nOTÍ- 
paMH b aceAe3e; 

e = k • i p — 3. a. c., HHAyKTHpyeMaa noTOKOM 

BO BTOpnqHOfi OČMOTKe 
npOMeacyToqHoro TpaHccjiopMa- 
TOpa; no BeAHqHHe OHa nponop- 
UHOHaAbHa i p ; no (Jme OTCTaeT 
ot 4> ot Ha yroA 90°; 



<t>Hr. IV, 12. lIpHHUHiiHajibHafl cxeMa HimyK- 


UHOHHoro peae MaKCHMajib- 



u p ~\~k • b ~- pe3yAbTHpyiomee HanpHaceHHe, 
AeňCTByiouíee b uenn Hanpa- 
aíeHHH peAe; 

i — tok b oÓMOTKe HanpaaceHHa 
peAe; npn ToqHofi HacTpoňKe 
iienn HanpaaceHHH Ha pe30HaHC 
HanpnaceHHH oh coBna.aaeT no 
4 >a3e c o6ycAOBAHBaK)ni,HM ero 
HanpnaceHHeM u pei \ 

$ „ —noTOK, BbixoAHmnň H3 cpeAHero 

cepAeqHHxa BepxHero MarHHTO- 
npoBOAa n oTCTajouíHft ot Toxa 
i Ha yroA 7 ", oóycAOBAeHHuft 
B OCHOBHOM aKTHBHblMH nOTe- 
paMH B CT3AH; 
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fy — nOTOK, BHXOAHIUHÍi H3 nOAIOCOB 
HaacHero MarHHTonpoBOAa, or- 
CTaiomHfl no 4> a3e ot b Ha 
yroA y'", oSycAOBAeHHHft 3 kthb- 

HblMH nOTepflMH B CT3AH. 

H3 paccMOTpeHHH BeKTopHoň AnarpaMMM CJie- 
AyeT, ito Ha ahck peae AeňCTByioT $ a pe3 h 4> ž , 
CABHHyTbie npocTpaHCTBeHHO h no <|>a3e. ŤaKHM 
o6pa30M coa^aeTca M ep =k -^ ape3 -sin (<ř u , í>,) 
(cm. ta. II). nponopunoHafleH i, a CAeAO- 

BaTe^bHO, n u P ea\ nponopu.Hojpa.fieH i„. Yron 
caBHra Meacay pe3 h 3>,., chht3h y" = y"', P aBeH 
yiviy CABHra <p Meacay u pe3 h i p ; noBTOMy 

Mep == ki * Upe3 * i p • sin cp. (IV, 13) 

BupaaceHHe « p «-sintp 'npeACTaBAaeT co 6 oň 
npoeKu,nto BeKTopa u pe3 Ha ocb, nepneHUHKyaapHyio 
i p ; ono Moa<eT 6 biTb 3aMeHeHo aareópaHnecKoft 
cyMMoň npoeKUHfi Ha Ty ace ocb BeKTopOB u p 
h ki p , npeuCTaBaaioEUHx caararonine u pe3 . 9Ta 
cyMMa, Kax to c^ieuyeT H3 unarpaMMu, paBHa 
U p ’SiXl % — k-Í p COS 7 '. npHHHMafl BO BHHMaHHe 9 TO 
cooTHomeHHe, noayuHM 

* 

M S p —k\'i p («Vsin <p p-k-ip- cos y') = 


= A 1 *ttp*řpSincpp—^•i^-cos y' = 

= *i-^-řpSin t í P -k 2 - i p 2 cos y'. (IV, 14) 

n a 

ripn HopMafibHoň paSoTe peae aepatHT cboh 
KOHTaKTbi 33MKHyTbiMH noA ASŘCTBHeM npyscHHbí 
H MOMeHTa HHAyKUHOHHOň CHCTeMH, OČyCAOBAH- 
BaeMoro i p ( u p k peae He hoaboahtch). ripn 
B03HHKH0BeHHH noBpexcAeHHH k peae hoaboahtch 
u p . Peae AeňCTByeT, MrHOBeHHO pa3MUKaa cboř 
KOJITaKT, npn HaAHHHH M e p COOTBeTCTByiOmeS 
BefiHHHHbí h HanpaBAeHHa. B očuieM caynae a^h 

AeŮCTBHa HeOĎXOAHM Mep^M*, npa KOTOpOM 


kAf-ip sin y p — k % i\ cos f > M». 

n a 


JtpyruMH CAOBaMH,peAe noAeňCTByeT b tom c^y- 
«e, ecAH x p onaaceTca paBHWM hah ĎOAbniHM, qeM 


Xp.m ~ ~~f~ Sin Vp - ftf• cos f + 




(IV ,15) 


K- 


_/2 

l p 


ripH i p , paBHOM npHMepHo 5A h Bbirne, cjiaraio - 
men, 3 aBHcameň ot M m b cooTHomeHHH (IV,15), 
moucho npeHeópenb. BejiHHHHa cos 7 ', 6;iH3KaH k 
eAHHwue, npn H3MeHeHHH i p h u p KOAeóAeTCH 
HeaHBHHTeJIbHO H MO>KeT ĎbITb IIpHHHTa 3a nociro- 
HHHyio. ílpH yKa3aHHbix AonymeHHHX 


Xp.m — ^3 * • (IV, 16) 


M3 npHBe^eHHbix coothoui6hhh eiue HenocpejxcTBeHHO 
ne bhaho cpaeneHHe BeJin«iHH u p sin cp p h i pt oraoineHne 
KOTopwx onpeAejineT conpoTHBjíeHHe Ha aa^KHMax jnoóoro 
peaKTaHCHoro OMMeTpa. 

Aaa BbíHBJíeHHH yKa3aHHoro cooTHomeHHH pe3 mohcho 
pa36HTb Ha flBa caaraeMbix: & u — oóycjioBJíeHHwň HanpflHce-. 
H«eM u p u® e , oóycjioBJíeHHbiH 3 . a. c. e = k*i p ($nr. IV, 13). 
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B3aHMoaeficTBHe c $ a h $ et oahh H3 KOTopbix (^ B ) ero one- 
pe»caeT, a Apyroft oTCTaeT, co3^aeT iiBa BpamaioiuHX 

MOMeHTa M* h M", AeScTByiomHe b npoTHBonoaoiKHue 

CTOpOHbí: 

M' = k'$ a fy sin (é/, sin y p ; 

M" = k'Q e sin(é e , ii)^k tf -ki^ p . 

yCJIOBHe paBHOBeCHSi nOABHHCHOH CHCieMbl HMeeT MeCTG 
npH paBeHCTBe M' h M! r (npHHHMan M m ^ 0; cm. Taxíce 
cooTHOineHHe(lV,14),flaK)mee tot nce pe 3 yjibiaT); oTcioaa no- 
jiyqaeM « p '-sin <p = k>i p . Ecjih ^'sin <p p <^k>i p% peae AepHCHT 
cboh KOHTaKTbi 3aMKHyTbiMH, ecaH u' p sin y p ^>k*i p , pejie pa3- 
MbiKaeT KOHTaKTbi. ÍlpH 180° <C ?/7 <360° x p HMeeT OTpwua- 
TejibHoe 3 HaqeHHe h oho npn 3tom, naK h npn conpoTHBJíe- 
HHHX, MeHblHHX X p m , OCTaBJIHeT CBOH K0HT3KTbI 3aMKHyThIMH. 

MHHHMajibHbiň x p . m pe^e HP-105 paBeH 0,25 Q. 
Ero pery^npoBKa npoH3BOAHTC« nyTeM H3M6H6- 
hhh n a aBT 0 TpaHC(J) 0 pMaT 0 pa HanpaxceHHH. OmHÓ- 
kh b 3aMepe peaKTaHca no a^hrum 3aBOAa He 
UpeBOCXOAHT Hh 15% OT yCTaHOBJíeHHOft BeJIHHHHbl 
npn H3MeHeHHH Tona i p b npeAeJiax ot 5 ao 80 A 
h yr^a cp p ot 40 ao 90°. Ha pejie, BbinojiHeHHoe 



4>Hr. IV, 14. npHHUHimaJibHan cxeMa BhinoaneiiHA opraHa 
BUxepWKH BpeMeHH nocpeflCTBOM fiByx oMMerpoB mhhh- 
MaabHoro conpoTHBaeHHíi c 3aMbJKaiomHMn KomasTaMB. 


no HHAyKUHOHHOMy npHHUHny h HMeiomee pe30- 
HaHCHblň KOHTyp, CHAbHO BAHHeT UaCTOTa TOKa 

b 3 anínniaeMoň CHCTeMe. OuihSkh b x p . m ot na- 
ctotm npn yrAe cpp = 40° cocTaB^HioT npHMepHo 
3% Ha KaacAMň nponeHT OTKAOHeHHH uacTOTa ot 
50 Hz; npn <p p =90° norpeniHOCTb ot uacTOTbi 
paBHa HyAio. 

OaHHM H3 OCHOBHbIX HeAOCT3TKOB paCCMOTpeH- 
Hoň KOHCTpyKUHH HBAHIOTCH 3H3HHTeAbHHe CyM- 
MapHbie norpeuiHocTH b 3aMepe. Ocoóo pe3KO ohh 
H aUHHaiOT B03paCT3Tb npH CHHHCeHHH ip AO BeAH- 

hhh, MeHbmnx 5A, KorAa HauHHaeT cKa3biBaTbca 
'BAHHHHe M m (IV, 15). Fl09T0My AaHHue peAe MO> 

ryT npHMeHHTbCH TOAbKO B CHCTeMaX, HMeiOnXHX 
MHHHMaAbHbie pacueTHHe tokh noBpexcAeHHft 
čoAbnie 5A. 

ripHHUHnHaAbHbie cxeMbi BbinoAHeHHH oprta- 
HOB BbIAep>KKH BpeMeHH npH HCn0Ab30BaHHH 
MTHOBeHHblX peAe COnpOTHBAeHHH. OpraHbl Bbl- 
Aepxcxp BpeMeHH ocymecTBAHioTCH nyTeM coue- 
t3hhh paccMOTpeHHbix Bbiuie MrHOBeHHbix pe^e 
COnpOTHBAeHHfl H peAe BpeMeHH. npH 9 TOM nOAy- 
qaioTca CTyneHuaTue xapaKTepHCTHKH BHAepaceK 



BpeueHH (4>Hr. IV, 26). CxeMa buiio^ihchhh opra- 
hob onpeAeflaeTCH b ochobhom: K<wraqecTBOM pe^e 
COnpOTHBJíeHHH (OMMeTpOB), npHMCHeHHblX AnH 
3aMepa paccTOHHHH no MecTa noBpeiKAeHHH, bhaom 
K 0HT3KT0B pejie conpoTHB/ieHHH H HX THIIOM 
(M3KCHMayibHOrO HflH MHHHMaJIbHOrO COnpOTHB^e- 
hhh). Ha (fwr. IV, 14 npHBeaeHa npHHUHnHa^bHaa 
cxeMa c ^ByMa OMMeTpaMH MHHHMajibHoro conpo-, 
THBJíeHHa (/ h 2) aa <J>a3y c 3 aMbiKaioiUHMH koh- 

TaKTaMH. řípa B03HHKH0BeHHH nOBpe5KaeHHa B JIIO- 
6oň 30He MrHOBeHHO AeňCTByeT nycKOBOň opraH 4 
(HanpHMep, pejie Ma- 
KCHMaJIbHOrO TOKa), 
noiiaBaa + Ha ' K0H * 

TaKTbi nepBoro ommc- 
Tpa h pe/ie BpeMeHH 3 . 

Hpn noBpeHcaeHHH b 
nepBofl 30 He conpo- 
THBJíeHHe Ha 3 aacH- 
Max pe./ie noHHacaeT- _ 

Ca AO Be^HHHHH, ip 
MeHbmeň conpoTHB- 
JieHHfl TpOraHHH OM¬ 
MeTpOB 1 h 2. Ohh 
3aMbIKaiOT CBOH KOH” 

.TaKTU h nepBuň H 3 
hhx nojiaeT -f- ot hc- 
TOHHHKa onepaTHB- 
hoto Tona Ha uenb OTK^uoqeHHH. řípa noBpeac- 
AeHHH bo BTopoft 30 He conpoTHBJíeHHe Ha 3 aacHMax 
OMMeTpOB noHHHcaeTca ao Be^HHHHbí, MeHbmeň 

COnpOTHB^eHHH TpOraHHH BTOpOTO OMMeTpa, HO 

óojibmeň conpoTHBJíeHHH TporaHHa nepBoro. rio- 
9 T 0 My cpaóaTWBaeT TO^bKO ommctp 2 , noaaéaa + 
Ha uenb OTKJiioqeHHH qepe3 BepxHHň koht3Kt 
pejie BpeMeHH 3 c BbuepacKoň BpeMeHH BTopoň 
cTyneHH. ripn noBpexcAeHHH b TpeTbeň 30He om- 
MeTpH He aeňcTByioT. 3amHTa pačOTaeT c bh- 
aepHCKOfl BpeMeHH TpeTbeň CTyneHH qepe3 hhhc- 
HHň KOHT3KT pe^e BpeMeHH 3 , npHBO^HMOrO B 
AeňCTBHe HenocpeACTBeHHO nycKOBbíM opraHOM 4 . 

Ha (jmr. IV, 15 npHBexeHa cxeMa c AByMH óm- 
MeTpaMH MaKCHMa^bHoro conpoTHBaeHHH (7 h 2 ), 
HMeiomHMH pa3MbiKaiomHe KOHTaKTbi h pe^e Bpe¬ 
MeHH 3, oďiuhm íum Bcex CTyneHeň. řípa B03HHK- 
HOBeHHH noBpeacxeHaa padoTaeT nycKOBOň op- 
raH 4 , oahhm koht3ktom noAaBan -f- Ha pejie 
BpeMeHH 3 , a ApyrHM HanpaaceHHe — Ha OMMeTpbi. 
npa noBpexc^eHHH b nepBoň 30He KOHTaKTH o6oax 
OMMeTpOB ocTaioTca 3aMKHyTHMH. Pe^e BpeMeHH 3 
qepe3 CBoň BepxHHň koht3kt, HMeiomHň BHAeputKy 
BpeMeHH 0,1 -i- 0,15 ceK., h 3aMKHyTuň koht3kt 
nepBoro OMMeTpa nouaeT -|- Ha uenb OTK^ioqe- 
hhh. npH noBpeacueHHH bo BTopoň 30He nepBbiň 
OMMeTp CBOH KOHT3KTbI pa3MblKaeT, BTOpOň OCTaB- 
jiaeT 33 MKHyTbiMH. Ha^Hqae y BepxHero KOHT3KT3 
pe/ie BpeMeHH bhaěphckh BpeMeHH, Hecxo^bKO 
6ojibiueň, qeM BpeMa pa3MbiKaHHa KOHTaKTOB OM¬ 
MeTpa 1 , npeuoTBpamaeT npa stom B03M0HCH0CTb 
HenpaBH^bHoro ueňcTBaa 3amHTH c BHAepacKofi 


BpeueHH nepBoň 3ohh. CpeAHHfi CKOJib3Hiuaň koh- 
TaKT pe/ie BpeMeHH c BpeMeHeM BTopoň CTyneHH 
qepe3 3aMKHyTHň koht3kt OMMeTpa 2 noAaeT-f- 
Ha uenb OTKjnoqeHHa. npa noBpexcAeHHH b TpeTbeň 
30He 06 á OMMeTpa pa3MHKaiOT CBOH KOHTaKTbI. 
3amHTa AeňcTByeT c BbwepxcKofi BpeMeHH TpeTbeň 
CTyneHH HenocpeacTBeHHO qepe3 hhikhhh koht3kt 
pejie BpeMeHH. 

Ha {jme, IV, 16 npHBeueHa cxeMa c oahhm om- 
MeTpOM 1 MHHHMaabHOrO COnpOTHBJíeHHH, HMeiO- 
IUHM 3aMbIKaK)IUHH KOHT3KT. OMMeTp HMeeT CO- 


npoTHBJíeHHe TporaHHa, cooTBeTCTByiomee aahhc 
nepBoň 30Ht>i. ripn bo3hhkhob6hhh b nefl noBpeac- 
UeHHH OH H nycKOBOň opraH 2 MTHOBeHHO 33MbI- 
KaioT KOHTaKTbi, AeficTBya Ha uenb OTKJiioqeHHH. 
B MOMeHT B03HHKH0BeHHH nOBpejKAEHHH BO BTO- 
poň 30He KOHTaKTbI OMMeTpa OCTaiOTCH pa30M- 
KHyTHMH. C BbIuep>KKOň, 6o^bUiefl BpeMeHH, He- 
oéxoflHMoro jinn paóoTbi OMMeTpa b nepBoň 30He, 
AeflCTByeT BepxHHň koht3Kt pe^e BpeMeHH 3, 
noaaBaa + Ha npOMe»cyToqHoe pe^ie 4. noc^ea- 
Hee nepen^ioqaeT uenb HanpaaceHHH OMMeTpa Ha 
ÓTnaflKy aBTOTpaHCiJiopMaTopa HanpHHceHHH 5, 
uaiomyio MeHbmee HanpaHceHHe. 3 th OTnaňKa 
no^OapaeTCH TaKHM o6pa30M, qT 06 u ommctp xeň- 
ctbobh^i npn nOBpeacaeHHHX bo BTopoň 30He. 
riOSTOMy OMMeTp 3 aMHKaeT CBOfl KOHTaKT; no- 
CTOHHHoro TOKa, noAaBaBmHficH Ha Hero ot peae 2, 
CHHMaeTCH npn stom c noMOmbio pejie 4. 3aMbiKaeT- 
ch cpeuHHň KOHTaKT pe^ie BpeMeHH, HMeiomaň bm- 
xep*Ky BpeMeHH BTopoň CTyneHH. Hepe3 Hero 
h KOHTaKT OMMeTpa no^aeTca + Ha uenb otk^io- 
qeHHH. řípa noBpeacAeHHH b TpeTbeň 30He OM¬ 
MeTp, HecMOTpa Ha nepeK^ioqeHHe ero uena Ha- 
npHHceHHH, He ueňcTByeT. 3amHTa paóoTaeT no- 
mhmo OMMeTpa c BHuepacKofl BpeMeHH TpeTbeň 
CTyneHH, uaBaeMoň hhhchhm KOHTaKTOM peae Bpe¬ 
MeHH. 

npHHuanHajibHO HaaóoJiee coBepineHHbíM h Ha- 
AeHCHHM H3 Bcex paCCMOTpeHHbIX HBJIHeTCH opraH 
BblAepXCKH BpeMeHH, BUnOflHeHHblň C UByMH OM¬ 
MeTpaMH, HMeiomHMH 3aMUKai01UHe KOHTaKTH 
(4>ar. IV, 14). OAHaKo oh TpeĎyeT no cpaBHeHHio 
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<í>Hr. IV, 15. npHHUHnna^bHaa cxeMa Bbino*- 
HeHHH opraHa BuaepHCKH BpeMeHH nocpex- 
CTBOMflByX OMMeTpOB MaKCHM 3 JIbH 0 r 0 conpo- 
THBJíeHHfl C pa 3 MbIKaromHMH KOHtaKTaMH. 



<í>nr. IV,16. npHHQnnHaabHafl cxeMa Bunoa- 
HeHHH opraHa- BbiAepwKH BpeMeHH nocpex- 
CTBOM OflHOrO OMMeTpa MHHHMaabHOrO 
COnpOTHBJíeHHfl C 3aMblKaiOmHM KOHTaKTOM 



c opraHOM 4>Hr. IV, 16 yABOeHHoro KOAHnecTBa 
OHucTpoB, pe^ie AOCTaTOHHO caoxchhx h Aopornx, 
ocoóeHHo, ecAH ohh peaKTaHCHue. CxeMbi 3 aiu,HTbi, 
Buno^HeHHbie c t3khmh OMMeTpaMH, Taxace no- 
^ynaioTca BecbMa rpoM03AKHMH, TpeSyromHMH 
ajih CBoero pa3MemeHH» Ha pejieflHOM m,HTe MHoro 
MecTa. 

noaTOMy b HacToamee BpeMa opraHH BbiAepacKH 
Bp€M6HH peaKTaHCHoro THna aacTO bhhoahhiot 
c oahhm oMMeTpoM Ha (|)a3y hah HHor^a Aaace 
Ha Bce Tpn 4>a3u (cm. HHace). JXaa HMneAaHCHbix 
OMMeTpoB, 3HaaHTe^bHO óoAee npocTbix h Aeme- 
BblX, npHMeHHIOTCH TaKHCe CxeMbi C AByMa OM¬ 
MeTpaMH. 

FIpHMeHeHHe ommctpob c pa3MbiKaiomHMH koh- 
T3KT3MH VpedyeT b psiAO CAynaeB HCKyccTBeHHoň 
3aAepxcKH b AeňCTBHH nepBoň CTyneHH, aah toto 


Taie, HanpHMep, peae HMneaaHCHoro THna pa6oTaeT np» 
conpoTHBaeHHH na 3a>KHMax 


i P <V k H - 



B MOMeHT noBpencAeHHH y pejie abtomath^cckh H3Me- 

HHIOT KOHCTaHTbl k m H k H T3KHM 0Ópa30M, HTOÓbl HX OTHO- 
rneHHe yBejiHHHBajiocb co BpeMeHeM, t. e. htočm B03pacTaJio 
BO Bp6M6HH COnpOTHBJíeHHe TporaHHH. TaKHM 0Ópa30M no- 
jiyqaíOT pejie, AeficTByiomHe c BbiAepacKoft BpeMeHH, B03pa- 
craiomeH c yBejiHHeHHeM conpoTHBJíeHHH Ha hx 3ancHMax* 
Pejie, ocymecTBJíeHHbie no BTopoMy npHHUHny, HMeiox noa- 
BHHCHbie SJíeMeHTbl, BbinOJIHeHHbie TaK, HTO npOXOAHMblH HMH 
nyTb S h cooTBeTCTByiomaH eMy cKopocTb TaK 3aBHCHT oi 

o U S 

TOKa h HanpHHceHHH, hto BpeMH aeHCTBHH peae t = 

OKa3biBaeTCH nponopuHOHajibHbíM 3aMepneM0My conpoTHB- 
JieHHK). 

Ha (jwr. IV, 17 ycJiOBHo H 3 o 6 paHceHbi peJie, BbinojmeH- 
Hbie corjiacHo nepBOMy npHHUHny. B KorfcTpyKUHH (Jíht. IV,17a 

npeflycMaTpHBaeTCH yMeHbineHHe 
K 03 $HUHeHTa k H , T. e. CHHHteHHe 

MOMeHTa ot cňCTeMbi HanpíHKeHHH. 
ripH HOpMaJibHOH paóoTe K OÓMOT- 
Ke HanpHHteHHH hoaboahtch noJiHoe 
HanpH«eHHe u p h nosTOMy peae 

HMeeT MHHHMaJlbHblH HMneAaHC 
TporaHHH z p m min . Ecjih npH no- 
BpeacAeHHH z p OKa 3 biBaeTCH MeHb- 
me Z P . m minj peJie paóoTaeT MrHO- 
BeHHO. Ecjih HaqH ‘ 

HaeT aBTOMaTHHecKH nepeABHraTbcn abhhcok 
peocTaia, 


tíanpaůnemiB aĎmomfnu- 
uecfwsv nepeMBw,enufi 
tiBivkka peomama g 

Ct i i>' 

<j> Hr IV 17 npHHUHnbi nocTpoeHHH pejie conpoTHBJíeHHH KopoMbicjiOBoro 
THna paÓOTawmHX C BHAepHCKOH BpeMeHH, 3aBHCHmeň OT BeJIHHHHH 
9 conpoTHBJíeHHH Ha HX 3aMCHMaX. 


yMeHbinasi HanpHHteHHe 
pejie h yBeJiHHHBaH ero z pm m% 
npH Zp^.Zp. m . M3MeHH« 33KOH 
ABHHCKa peóCTaTa bo BpeMeHH, 


Ha OÓMOTKe 

Peae AencTByeT 
nepeMemeHHH 
mohcho noaynaTb 

pa3JIHHHHe BHftH XapaKTepHCTHK BblfleplKKH 
BpeMeHH t = f (Zp). 

B KOHCTpyKUHH <J)Hr. IV, 176 npeaycMaTpH- 
BaeTCfl yBeaHieHHe Kos^HuneHTa k m . 
yCTpaneHHi! nepeKJiioneHHii b u,enH to na wc- 
noJibsoBaHo MexaHHqecKoe ycipoftcTBo. TOKOBass 


HTOĎbl npH HÓBpe>KAeHHHX BO BTOpoS 30He OM- 
MeTp nepBoň ycneBaji pa 3 MbiKaTb cboh KOHTaKTbi. 

B CB33H C 9THM pa3MUKaíOUlHe KOHT3KTbI npHMe- 

hhiotch TOAbKO b Tex cAyHaax, KorM ohh o6ec- 
neHHBaioT 3HaHHTeAbHO MeHbniHe BpeMeHa AeňcT- 
bhh, neM 3aMbiKaiomHe KOHTaKTH, hah Kor^a 
Aaxce npH HaAHHHH HCKyccTBeHHoň 3aAep>KKH, Aa- 
BaeMOŘ pe^e BpeMeHH, noAynaeTCH BbíHrpbim bo 
B peMeHH A60CTBHH nepBoň CTyneHH hjih, HaKOHeu, 
KOTAa 3TO onpeAeAHeTCH KOHCTpyKiineň OMMeTpa. 

6. HCII0Jlb30BAHHE flJIÍI OPrAHOB BblflEPIKKH BPE¬ 
MEHH PEJIE, flEňCTBVIOmHX C BPEMEHEM, COOT- 
BETCTByK)III,HM 3AMEPHEMOMY COIIPOTHBJIEHHK) 



<^Hr. IV.18. npHHunn nocTpoeHHsi pejie conpoTHBJíeHHH 
THna MM-51 X3M3. 


fljia ocymecTBJíenHH pejie, aencTByioinHx c BpeMeHeM, 
3 aBHCHmiIM OT BeJIHHHHbl conpoTHBJíeHHH Ha HX 3aHCHMaX, 
Hcnojib3yioTC5i jiBa ocHOBHbix npHHnnna. Pejie, BbinojiHeHHbie 
no nepBOMy npHHUHny, hmciot oóbiHHO KopoMbicjiOByio ch- 
CTeMy, nofloÓHyio npHMeHfleMbiM ji jih MTHOBeHHbix pejie co- 
npoTHBJíeHHH (4)Hr, IV, 8 , IV, 10). Ha oaho njieno aencTByeT 
CHjia, onpeaejiaeMaH tokom. Ha apyroe — onpeAejineMaH Ha- 
npHMceHHeM. Pejie MrHOBeHHo ^eííCTByeT, Korja momcht, 

OÓyCJIOBJíeHHHH TOKOBOH CHCTCMOH, OKa3bIBaeTCH ÓOJlbllie 
MOMeHTa, onpeflejiHeMoro chctcmoS Hanpn»ceHHH. B pe3yjib- 
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HHJiyKUHOHHaH CHCTeMa C K0p'0TK03aMKHyTbIM BHTKOM, BpamaH 
C MOMeHTa B 03 HHKH 0 BeHHH nOBpeHCJieHHH jihck, nocTeneHHO 
HaTHTHBaeT npy«HHy, yBeJiHHHBan CHJiy npHTHaceHHH. HeM 
Bbmie conpoTHBJíeHHe Ha 3a»cHMax pejie, TeM óojibinee BpeMH 
pacTHrHBaeTCH npyncHHa ao MOMeHTa 3aMWKaHHH koht3ktob 
pejie. 

Ha <J>Hr. IV, 18 Aana cxeMa pejie, BbinojiHeHHoro no bto- 
poMy H3 yKa33HHbix Bbmie npHHUHnoB. MHuyKUHomiaH ch- 
CTeMa 9Toro pejie noaoóHa paccMOTpeHHOH Bbmie CHCTeMe 
MrHOBeHHoro pene HMneAaHca THna HH-120X3M3(4>Hr.IV,ll). 



npH no^Be,neHHH k pe*e b momcht noBpexcneHHsi Hanpsnice- 
hhíi Up jiHCK ero 4 cneunajibHOH <j)opMW, noBopaqHBancb no 
lacoBoí! CTpejiKe Ha hckotopmíí yroji a, ycTaHaBJíHBaeTCH b 


nojlOMceHHH paBHOBecHH, npH kotopom a y —-=zz p (JY t 12); 

TaKHM o6pa30M a OKa3biBaeTCfi nponopunoHajibHbíM z p . Ha 
flHCKe pejie yxpenjieH oahh H3 KOHTaKToB J, npoxoAamHH 
npn yrjie nosopoTa a nyTb Biopoíi KOHTaKT 6 npHBO- 
AHTCH B AeHCTBHe MaCOBblM M6XBHH3MOM 7, 3anycKaeMbiM B 
MOMeHT noBpeiKAeHHH. Oh ABHHceTCH no HanpaBJíeHHio k koh- 
TaKTy 5 c nocTOHHHon CKOpocTbio v K . Pejie AencTByeT npn 
33MbIKaHHH 9THX KOHT3KTOB. JJjIH C03A3HHH y XapaKTepHCTHKH 
BbiAepiKKH BpeMeHn pejie ocHOBHoro BpeMeHH 3acTaBJiHK)T 
koht3kt^ 6 npoxoAHTb nyTb, Ha HenoTopyio BejinqHHy s Q 
čojibuiHH, qeM nyTb Si KOHTaKia 5. B pe3yjibTaie pejie pa- 
ÓOTaeT C BpeM6H6M 


— — 
v V K 


Sq | ka 
V K ^ ** 


h + ^2 * z p- 


(IV, 17) 


. ÍUh AeHCTBHH pejie npH ÓOJIblUHX COnpOTHBJíeHHHX c 
4)HKCHpoB3HHbiM npeaeJibHbíM BpeMeHeM t n cJiy^cHT ynop 8, 
yKpenjineMbiH Ha HenOABHxcHofi ayroo6pa3Hoň rnKajie 9 . Pejie 
aaeT HaKJioHHyio xapaKTepncTHKy, noaoÓHyio H3o6pa«eHHOH 
Ha <jmr. IV, 2a. Pa3HHua b ochobhom cboahtch jjHinb k TOMy, 
ito HaKJioHHyio MacTb He yaaeTca BbinojiHHTb tohho npaMO- 
jiHHeHHoň, Kax y HaeajibHoro pejie. PaccMOTpeHHan koh- 
CTpyKUHH jierKO no3BOJi^eT no^y^aTb TaioKe komóhhhpobbh- 
Hwe XapaKTepHCTHKH (<j>Hr. IV, 2b). fljia 9Toro aocTaTO^Ho Ha 
HenOABHHCHOH HIKaJie 9 yCTaHOBHTb AOnOJIHHTejIbHO BTOpOH 
KOHTaKT — ynop 10. Mecro ero ycTaHOBKH BHÓHpaeTca TaK, 

iJTOÓbl nOflBHHCHOH KOHTaKT 5 OCTaBaJlCH K HeMy npHHCaTbIM 
Kax npH HopMajibHoň paóoTe, TaK h npn noBpexcfleHHax npH- 
MepHO Ha 60—80% 3amHmaeMoft jihhhh. #jih Toro mtoów 
KOHT 3KTbI Ó H 10 yCnCBaJlH pa30MKHyTbCH npH nOBpeHCAeHHHX 
Ha CMeacHbix ynacTKax paHbine, hcm 3amHTa ycneeT Hece- 
JieKTHBHO CpaÓOTaTb, -j- nOCTOHHHOrO TOKa 'nOABOAHTCH K 
KOHT3KTy 10 B MOMeHT nOBpeXCAeHHH C BblAepHCKOH BpeMeHH 
nopHAKa 0,3—0,4 ceK. AeHCTByiomHe no paccMOTpeHHOMy 
npHHuHny pejie THna HH-50 BbinycKaji X3M3. OaHaKO cjióhc- 
HOCTb H HeHaAeHCHOCTb KOHCTpyKHHH peJie npHBOAHAH K HX 
HeAOCTaTOHHO yAOBJíeTBOpHTeJIbHOH paĎOTe B yCJIOBHHX 9KC- 

HAoaTauHH. riosTOfoy X3M3 b noaiejmee BpeMH chha hx 

C npoH3BOACTBa. 


7. CXEMbl nPHCOEílHHEHHfl OMMETPOB 

Ajih oóecneqeHHH npaBaflbHoň paóOTH om- 
MeTpOB HeOĎXOflHMO, qTOÓbl ({)HKTHBHbie COHpO- 

THB^eHHH Ha hx 3aHCHMax óbiflH nponopuHOHa^bHM 

4>Hr. IV,19. npH- 

Mep B03MOHCHOTO 
HeceaeKTHBHoro 
aeHCTBHSi 3amHTbi 2 
npH noBpeHCAeHHH 
Ha cMencHOM ynacT- 
Ke. 

cl — xapaKTepHCTHKa npn 
pacqeTHOM BHAe no- 
BpeacaeHHH; 6— npn ash- 
hom BHAe noBpeacAeHHíi. 



paccTOHHHio ot MecTa ycTaHOBKH pejie MecTa 
lIOBpejKAGHHH. Ec^H npH 9TOM 3aiUHTbI OT 

Bcex bhjiob noBpeacAeHHň Hcno^b3yeTca oómHň 
OMMeTp, OH flOJDKeH "AaBaTb OOTHaKOBbie 3aMepbI 
conpoTHB^eHHH BHe 33BHCHMOCTH ot xapaKTepa 
noBpeac^eHHfl. UHor^a b cxeMe npeAycMaTpHBa- 
K>Tca ^Ba OMMeTpa: oahh, AeScTByromna npa 
Mea<fly(|)a30Bbix 3aMbiKaHHHx, apyroň — npn 3aMu- 


KaHHax 4 >a 3 na 3eM^io. B 9 tom cnyqae TpeĎOBa' 
HHe OAHHaKOBoro 3aMepa othochtcb k KaacAOMy 
H3 hhx npn Tex BHAax noBpeacfleHHň, a^ih 3auurra 
ÓT KOTOpbIX OH yCT3HOBAeH. npH HeBbinOaHeHHH 
TpeóOBaHHa OAHHaKOBoro 3aMepa Ha^eacHocTb 
AeftcTBHa 3 amHTbi noHnacaeTca, a b HeKOTopux 
CAyaaax OHa MOaceT flašce paĎOTaTb HeceseKTHBHO. 
Ha <J)Hr. IV, 19 npHBefleHa b BHfle npHMepa CTy- 
neHaaTan xapaKTepncTHKa a, 30Hbi fleňCTBHa ko- 
Topoň paccHHTaHbí no Tpex(f)a3HOMy KopoTKOMy 
3aMbiKaHHio. Ecah npn KaKOM-sačo flpyroM BHfle 
noBpescfleHHa conpoTHBfleHHe Ha 3ascnMax pese / 
npn noBpescfleHHH b Hanase Cfleflyromero ynacrica 
(Toaxa F) oKasceTca 3HanHTeflbHO MeHbuiHM pac- 
neTHoro, pese 1 nofleňCTByeT c BbiflepscKoň nep- 
Boň 3 ohh (xapaKTepHCTHKa 6), xaK h pese 2, t. e. 
HecefleKTHBHO. 

yqHTbiBaa H3flosceHHoe BHuie, BbiÓHpaioT He- 
oóxoflHMbie coaeTaHHH tokob h HanpasceHHft, 
HOflBOflHMHX K OMMeTpaM. FIpH BTOM HeOÓXOflHMO 
OTMeTHTb, HTO flfla fleftCTBHH pefle MOryT HCnOflb- 
30BaTbca TOflbKO Te ocTaTOHHbie HanpasceHHa, 
BeflHHHHa KOTopux nponopflHOHaflbHa paccToaHHio 
flo MecTa noBpeacfleHHa. Tak, HanpHMep, flsa npa- 
BHflbHoro 3aMepa paccTOaHaa npa 33MbiKaHHH Me- 
acfly (J)a3aMH B h C bo3mohc ho HCnoflb30BaHHe 
TOflbKO oflHoro ocTaTOHHoro AHHeftHoro Hanpa- 
xceHna Ubc . < í>a3Hbie HanpasceHHa noBpeacfleHHbix 



4)a3 Ub h Uc, Tax sce Kax HanpasceHHa Mescfly 
nOBpeSCfleHHHMH H 3flOpOBOH (Ja3aMH UaB wTUcAr 
yKa3aHHOMy paccToaHHio He nponopnHOHaflbHbí 
(cm. ta. I). npn Tpex4>a3Hbix kopotkhx 33MUKa- 
hhhx nponopu,HOHaflbHbi paccToaHHio flo MecTa 
noBpescfleHHH Kax AHHeŘHbie, TaK h cj)a3Hbie ocTa- 
TOHHbie HanpH3KeHH3. npn OflHO<})a3Hbix 3aMbiKa- 
HHHX Ha 3eMflK) paCCTOHHHIO flO MeCTa nOBpeK- 
fleHHH npOnopHHOHaflbHO TOflbKO OflHO 4>a3HOe 
HanpasKeHHe noBpescfleHHoň 4>a3bi. 

H3 npHBefleHHbix coočpasceHHň cseflyeT, hto 
noflBefleHHe k OMMeTpaM 3amHTbi ot Bcex bhaob 
nOBpe>KfleHHŽ TOflbKO AHHeňHblX HflH TOflbKO 4>33- 
hux HanpasceHHň He npeflCTaBAfleTca bo3mohchhm. 
AonyCTHMO, OflHaKO, HCnOflb30BaHHe OflHHaKOBblX 
HanpasceHHň npa HeacoflbKax BHflax noBpescfle- 
HHň, HanpaMep, flHHežHux npa Bcex 3aMUKaHHHx 
Mescfly 4>a3ai{a, «J)a3Hbix npa OflHo^a3aux a flByx- 
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<J>a 3 Hbix 33MbfKaHHHX Ha 3eMAio. 3 to nojioaceHHe 
qacTO h Hcno^b3yeTca npa ocymecTBfleHHH cxeM 
npHCoeaHHeHHfl ommctpob. 

Ah3ah 3 pa3an«iHux cxeM npHCoeAHHeBfHH npn- 
BOflHTca aaa HMneaaHCHux OMMeTpoB, ycTaHaB- 
jiHBaeMbix b paAHajibHofl ceTH c oahoh ToqKoft 
nHTaHHfl. Tokh Harpy3KH h nepexoAHbie conpo- 

THBJíeHHH B MeCTe IIOBpeWAeHHH HS yqHTUBaiOTCH. 
Ko9(})HUHeHTH Tp3HCcj)0pMaiJ,HH TpaHCťjiOpMaTOpOB 

Toxa n m h HanpaMceHHH n H npHHHTbi paBHUMH 
€AHHHUe. 

CxeMa npHCOCAHHCHHH TaojlUtia IV,I 

Ha aHHeflHbie tokh h 0asa i A i B c 

AHHeflHbie HanpaHfeHHH - 

fIV, 20). CoqeTaHHe h 1 a 1b lc 

tokob h HaopaaceHHd Ha ~ j~ r~ r~ 

3aacHMax peAe npHBeAGHO | Uab | Ubc \ u ca 

b Ta6 a. IV, 1. 

‘lípu 33MbIKaHHH Me*Ay TpeMH (f>a3aMH B TOH- 
k fF (4>Hr. IV, 21) Ha paccTOHHHH /km ot Meera 


bhk) HMneAaHCHOfl 3amHTbi b ueAOM, KaK 3aBU- 
meHHuň, npHBecTH He mohcbt. 

HeAOCTaTKOM AaHHoň cxeMbi HBAaeTca, KaK 
to caeAyeT H3 conocTaBAeHHa (IV, 19) h (IV, 21), 
HeoAHHaKOBbifi 3 aMep conpoTHBAeHHň npii 3auu- 
KaHHax MeacAy AByMa h TpeMH (j)a3aMH. Hx ot- 
2 

HouieHHe paBHO “j/y" = I»I5. JSjlfi 33 MepoB conpo- 

THBAeHHň npa 3aMbitcaHHHx Ha 3eMAio cxeMa, KaK 
BKAioqeHHaa / Ha AHHeňHbie HanpaaceHHa, Henpn- 
roAHa. Oah^ko, HecMorpa Ha OTMeqeHHbie HeAO- 
craTKH h TaKHte HeKOTopbie Apyrae (cm. HHxce 
ta. IV), cxeMa BecbMa mnpoKO npHMeHaeTca. 3 to 
oSycAOBAHBaeTCa b qacTHOCTH TeM, hto ee om- 
MeTpu KOHCTpyKTHBHO npOCTO MOryT nepeKAKJ- 
qaTbca Ha <J>a3Hhie HanpaxceHHa, hto AaeT B03- 
MOJKHOCTb HCn0Ab30BaTb HX T3KSCe AAH 331UHTM 
OT 3aMblKaHHň Ha 3eMAK). 

CxeMa npHCoeAHHeHHH Ha pa3HOCTb AHHeft- 
HMX TOKOB H JIHHefiHbie Hailpfl»<eHHH (4>Hr.IV, 23). 



ycTaHOBKH peae (ToqKa G) tokh b Tpex cjja3ax 
HMeiOT OAHHaKOByiO aÓCOAlOTHyK) BeAHHHHy I. 
OcTaTOHHbie; AHHeňHue HanpaKeHHa, noABOAHMbie 
K CMMeTp3M, eCAH 0Ó03HaqHTb ,HMneA3HC nt)AO- 
KHTeAbHOň nOCAeAOBaTeAbHOCTH AHHHH Ha 1 km 
qepe3 z lt HHCAeHHo paBHbí: 

U p = V3z r l-L (IV, 18) 

Tok b tokoboS oďmotkc peae I p — 1, no- 
3T0My 

zf= U -f-=YZz v L (IV, 19) 

, p 


4>hi\ IV,23. CxeMa npHcoeaHHeHHH 

OMMeTpOB Ha pa3HOCTb JIMHeMHbIX 
TOKOB H flHHeílHUe HanpHHCeHHH. 

CoqeTaHHe tokob h HanpaaceHHŘ Ha 3axcHMax peae 
npHBeAGHO b Taóa. IV, 2. 

TaÓAUttfl. IV,2 

<t>asa A B | C 

lp 1 a — 1b 1b — Íc 1c — Ía 
V p Uab Ubc Uca 


npH 3aMbIK3HHH MeHCAy^ AByMH (})a3aMH lp npH 3aMbIK3HHHX MeHCAy TpeMH (J)a3aMH pa- 

(<{)Hr. IV, 22) peae b <j> a3e A He AeňcTByeT, TaK B6H j/3/. npH 3 aMHKaHHax MeacAy AByMa <|>a 3 a- 
KaK 1a — 0; H3 AByx ommctpob noBpeacAeHHbix mh B h C k npaBHAbHO saMepaiomeMy conpoTHB- 
qja3 B h C npaBHAbHO paóoTaeT TOAbKO OMMeTp ^eHHe oMMeTpy 4»a3bi B hoaboahtch 1 p = 2/. 
b (})a3e B , k KOTopoMy hoaboahtch HanpaaceHHe riosTOMy, npHHHMaa bo BHHMaHHe BupaaíeHHfl 
neTAH KopoTKoro 3aMbiKanHH. HanpaaceHHe h hm- (iv, 18) h (IV, 20) aah HanpaaceHHň U p , noAyqaeM, 
íieaaHC Ha ero 3aacHMax cooTBeTCTBeHHO paBHbí: HT0 npa oďohx paccMaTpHBaeMbix bhabx noBpe*- 

Up — 2-z 1 ‘l-I; (IV,20) AeHHfi _ . 

dp—2-Zx'l. (IV,21) 2 g )=z g) ==7 L == B . = gl ./. (IV,22) 

^ /j3 / (2 

K OMMeTpy OTCTaiomeft noBpeacAeHHOň 4>a3bi C 

npn tom ace I noABOAHTCa Uca, Kan npaBHAO, Afin 3aMepa conpoTHBAeHHŘ npn OAHo4)a3Hux 
OoAbmee, qeM Ubc• ÓoaTOMy 3 aMep 4>a3bi C, 3aMbiKaHHSx Ha 3eMAio cxeMa, KaK HcnoAb3yiomaa 
xoth h HenpaBHAbHbiň, k HeceAeKTHBHOMy AeflcT- AHHeňHwe HanpaxceHHH, HenpHroAHa. 
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npH flByX(J)a 3 HHX 33MHK3HH8X Ha 3eMJlK) (<J)Hr. IV, 24) 
4)a3Hbie HanpBMceHHH noBpeHtneHHbix <j> a3 B u C paBHbí 

Ub~ “t” ÍC?M, Úc — ic • Zl + Ib ' Z M - 

npHHHMaH BO BHHMaHHe 9TH COOTHOIIieHHH. a TčlIOKe TO, 
qTO Zl — Z M — Z x l % Bbipa3HM jiHH6HH0e HanpaHceHHe U BC 
CJieAyioiuHM o6pa30M: 

ůBC~^B """ ~ (^ i B — (Zl %m) ^ 

= (/ B —/ c ) Zjl, (IV, 23) 


7<M)_. 

^p 


Ůb-Úc 

ÍB íc 


( i B — ic) Zit 

Íb-‘c 


Z x l. (IV, 24) 


TaKHM 0 Ópa 30 M npH flByX(jía3HbIX KOpOTKHX 3aMbKK3HH5IX 
Ha 3eMaio cxeMa paóoiaeT Tax «e, Kax h npa 3<uf biKdHimx 
Me^Ay 4>a3aMH. 

OAHHaKOBHft 3aMep conpoTHB/ieHHS npH Bcex 

MH0r0^a3HUX KOpOTKHX 3aMHKaHHHX HBAHeTCfl 


<t>Hr. IV,24. Cxeua 
J1HHHH npH flByX$a3- 
HOM - 3aMMKaHHH Ha 
3eMAK>. 


•Par. IV,25. CxeMa 
npHCoeflHHeHHa om- 
MeTpOB Ha pa3HOCTb 
JIHHefiHblX TOKOB H 
jiHHeftHue HanpsMíeHHfl 
npH H3JIHHHH y HHX 
JlByX TOKOBHX OÓMO- 
TOK. 

cymecTBeHHUM npeHMymecTBOM AaHHoň cxeMu 
no cpaBHeHHio c paccMOTpeHHbíM Bbirne BKAioqe- 
HneM pe^e Ha JiHHe&Hbie tokh h AHHeňHbie Hanpa- 
aceHHH. noaTOMy OHa mnpoKO npHMeHHeTca b 
3amHTax ot MHorocj)a3Hbix 3aMUKaHHň. Hcnoflb30- 
BaHHe OMMeTpoB cxeMbi aíih 3aMepa conpoTHBJíe- 
hh 8 npH oAHo<})a3Hwx 3aMbiKaHHHX Ha 3eMJiK> npax- 

THKyeTCH, OAH3KO, 3H34HTe^IbH0 ĎOAee CAOiKHO, 

neM b cxeMe (Jmr. IV, 20. 3 to oOmcHaeTca TeM, 
hto npHXoiHTca nepeK^ioqaTb He TOAbKO ueim 
uanpHxceHHH (Ha 4>a3Hbie HanpaHceHHa), ho h iienH 
TOKa (AJIH HCKJIIOHeHHH BAHHHHH Ha 3aMep TOKOB 
HenoBpeHtaeHHbix <|>a3). 

B 3aK^K)HeHHe HCOÓXOAHMO OTMeTHTb, HTO 
cxeMa BKjnoHeHHH tokobhx ueneft OMMeTpoB Ha 
pa3HOCTb tokob Asyx <J>a3 nacTO ocymecTB^aeT- 
ch nocpe^CTBOM pa3ae^eHHH hx tokoboA oómot- 
kh Ha jXBe paBHue qacTH. Ohh npHCoeAHHHiOTCH 
k TpaHC(})OpMaTopaM TOKa Tax, mto pe3yjibTHpyio- 
mne aMnepBHTKH 0Ka3HBai0TCH nponopuuoHajib- 



A 

8 

C 



HbIMH p33HOCTH COOTBCTCTByiOHXHX TOKOB ($HT. 

IV, 25). npH 9TOM BTOpHHHMe OĎMOTKH TpaHC^Op- 
MaTopoB Tona MoryT coeaHHHTbCH b cxeMy 
(oĎbiqHo 3Be3Ay), onpeAe^HeMyio paóoToň ApyrHx 
pe^e 3amHTbi. 

CxeMa npHCoeAHHeHHH Ha jiHHefiHbie tokh 
h 4>a3Hbie HanpííHíeHHH (<J>nr. IV, 26). B aaHHOM 
cjiynae ajih očecneqeHHH npaBHAbHbix 3auepoB 
HeoóxoAHMO coneTaTb tok h HanpHxceHHe oahož 
h to 8 xce 4>a3bi coiviacHO Taóji. IV, 3. CxeMa hc- 
no^b3yeTca jyin 3aMepoB conpoTHBJíeHHS npH 
3aMbIKaHHHX Ha 3eM^I0. 


TaÓAuqa IY,3 


4>a3a 

A 

B 

C 

h 

u 

h 

Ic 

Vp 

Ua 

u B 

U c 



cpHr. IV, 26. CxeMa npHcoeaHHeHHH OMMeTpoB Ha JiHHeňHbie 

TOKH H $a3Hbie HanpSHCeHHH. 


l A. F 


flumaHue 


<pHr. IV.27. CxeMa 

XHHHH npH OAHO- 
$a3HOM 3aMbII<aHHH 
Ha 3eMaio. 

npH OAHO$a3HbIX 33MbIKaHHHX Ha 3eM^K> OC- 

TaTOHHbie Hanp3>KeHHH noBpe>KfleHHOH 4)a3bi on- 
pe^exaiOTCH naaeHHeM HanpaxceHHH .b conpoTHB- 
AeHHH neT^H npoBOA- 3 eM^H (<|)Hr. IV, 27). 9to 
conpOTHBJíeHHe xapaKTepH3yeTca HMneAaHcoM Ha 
1 km Zl . HanpHHteHHe, noABOA.HMoe k pe^e npa 

OAHO(J)33HOM KOpOTKOM 3aMbIK3HHH B TOHKe F, 

ů p *=i z L 

HMneAaHC Ha 3aacHMax peae < 

l (IV ’ 25 > 

Rjia aHaAH3a paóoTbi OMMeTpoB npH OAHO(})a3- 
HblX 3aMbIKaHHHX Ha 3eMAK> B ĎOAee CAOHCHUX 




10 


PejeŮHaa samHTa 
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cjiy^aflx, HanpuMep, npH H3AHHHH b CHCTesie 3a- 
3 eMíeHHbix HyJieBbix tohck c oCenx ctopoh 3a- 
mHiuaeMofi jihhhh, ne.necoo6pa3HO Bbipa3HTb Z p 
Mepe 3 CHMMCTpH^Hbie cocTaB^siomHe Z x , Z., z 0 

COBpOTHBJíeHHH JIHHHH H /,, 1 2 > Ai TOK3 IIOBpeHC- 
p,emn. Hanpfl*eHne noBpe>KAeHHOň (pa3bi (Han- 
pHMep, A), ecjiH k Heň OTHeceHbí cuMMeTpHHHbie 
cocTaB^HioiHHe: 

Ú A =>! Z x l + hzd +/ 0 Z 0 A ( IV > 2 6 )' 

npHHHMaa BO BHHM3HHe, HTO IA z=s Il~\~ 
_j-/ # =/p,a COnpOTHBJlGHHH , B IIOAOXCHTeAbHOň 


paMceHHH npH 3aMbiKaHHHX Mexiky TpeMan AByMH 

4>a3aMH (4>Hr. IV, 20), CAeAyeT, hto zf : z { p ] : zf= 
= 1, 73 : 1,83 :2. TaKHM očpa30M 3aMepbi conpo- 
THBJíeHHň cxesiaMH <J)Hr. IV, 20 h IV, 28 npH pac- 
CMaTpHBaeMbix BHAax noBpe*AeHHň bbasiotch 
npHMepHO OAHHaKOBHMH H, CAeAOBaTeAbHO, 9TH 
cxeMbi MoryT ÓbiTb oS-be^HHeHbí (4mr. IV, 28). 
HopMaXbHO OMMeTpbl / BKJIIOHĚHbl Ha JIHHeíÍHbie 
HanpaxceHHa. Ilpn bo3hhkhob6hhh 3aMUKaHHa Ha 
3CMAIO npH AOCTaTOHHOfi BeXHHHHe TOKa HyxeBOft 
nocxeAOBaTexbHOCTH paóoTaeT pexe MaKCHMaxb- 
Horo TOKa 2 , BKjnoaeHHoe b HyxeBoň npoBOA 
3Be3Abi TpaHci|)opMaTOpOB TOKa. Oho AeňcTByer 



0 - 

<*> H r. IV, 28. CxeMa npHCoeAHHeHHH oMMeTpOB Ha 
jiHHefiHtie tokh h /iHHeHHwe HanpnHceHHH c nepe- 
KJHoneHHeM Ha 4>a3Hbie HanpnHceHHH npH 3 aMbncaHHax 
Ha 3CMJIK). j 


<f>Hr. IV, 30. CxeMa c tokoboh KOMneHcauneH. 

Ha npoMencyTOHHoe pejie 3, nepenjnonaiomee 

OMMeTpbi Ha 4>a3Hbie HanpaHceHHH. 



<Phi\ IV, 29. CxeMa jihhhh, 
HMeiomeH 3a3eMJieHHbie 
HyjieBue tomkh cHCieMbi 

C OÓeHX CTOpOH, npH oaho- 
$a3HOM 3aMblKaHHH Ha 
seMjiio. 


HeOÓXOAHMO, OAHaKO, OTMeTHTb, *ITO npH AByX$a3HbIX 
3aMMKaHHHX Ha 3eMJiio b cHdeMe c Harjiyxo 3a3eMJieHHoň 
HyjieBOH TOMKoň ($Hr. IV, 24) 3aMepbi conpoTHBJíeHHH MoryT 
3Ha*IHTeJIbHO OTKJIOHHTbCH OT HpHBeAeHHblX Bbiuie. HanpsíHce- 
HHe, noABOiiHMoe k OMMeipy <j)a3bi b npn kopotkom 3aMbi- 
KaHHH $33 B H C, paBHO 

Ú B ~Í B -Z L i + Í c -*M-l> {IV, 29) 

zS(IV,30) 

' ÍB 1 l B t 


h OTpHuaTejibHOň nocxeAOBaTexbHOCTHX a^th 

JIHHHH paBHbl (Z^Zj), nOAyHHM 

0A = i x z x i + Í.ZJ-+- I 0 z 0 i -Ho z x i - 

-IČJ-ÍA Z x L + V (Z 0 — Z,), (IV, 27) 
a 

Zp =-y-= Z, x l + j- (Z„—Z t ) 1. (IV, 28) 

*p *A 

0 § B03^yniHbIX yiHHHň 6e3 TpOCOB COCTaBJIHeT 

BCpeAHeM^S^^jcooTBeTCTByiomHH^j: ^ 1,83 0 t . 
B paccMaipHBaeMOM nacTHOM cjiyqae 

ÍIosTOMy no (IV, 25) h (IV, 28) z p *** 1,83 bJ. 
H3 conocTaB^eHHH nocjie^Heň BejmnHHU c 3aMe- 
paMH COnpOTHB^íéHHň, npOH3BOAHMbIMH CXeMOŘ 
BKJHOH0HHH Ha AHHeŽHbie TOKH H JIHHeňHbie Han- 
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TaKHM oópa30M OTKjioHeHHe b 3aMepe no cpaBHeHHio 
co cjiynaeM OAHO$a3Horo KopoTKoro 3aMbiKaHHH (IV, 25), 
oóycjioBJíHBaeTca TeM, mto ociaTOMHoe HanpHHceHHe U B onpe- 
Ae^ne tch He TOJibKo na^eHKeM HanpHHceHHH ot l B% ho TaKHce 

H OT lc 3a C^eT B3aHM0HHAyKUHH. 

Ajih paccMaipHBaeMoro cjiy^an ocTaio^Hbie HanpsnKeHHíi 
H Z« C nOMOIUbK) CHMMeTpHHHbIX COCTaBJIHIOmHX BbipancaioT- 
cíi xax h RJia OAHO$33Horo KopoTKoro 3aMbiK3HHH, no $op- 
MyjiaM (IV, 27) h (IV, 28). B3aMeH TOKa f A b hhx ao/iacei* 
ÓMTb BCTaB^eH TOK nOBpeHCAeHHOfí $a3b\. B paCCMaTpHBa- 
eMOM cay^ae mohcct nojiyMHTbCH 3Ha*íHT^JibHO npe- 

yMeHbffleHHUM h, ec/iH 9Toro He y^ieCTb, 3amHTa MO»cer 
paóoTaTb Hece/ieKTHBHO npw noBpenfAeHHíix Ha coce^HeM 
yqacTKe. 

CxéMa npHMeHneTCH b 3 amHTax paAnajibHbix 
ahhhS, HMeiomHx OAHocTopoHHee nHTaHHe. Ee 
npeHMymecTBO — oTHocHTejibHaH npocTOTa, oco- 
6 eHHO npa oóteAHHeHHH co cxeMOň <J»Hr. IV, 20 
ot MP VKn y<^a3Hbix 3aMbiK3HHň. CxeMa npaBHAbHO 














AeficTByeT Taioice npH Tpexcf)a3Hbix 3aMbiKaHHHX. 
OflHaKo £./ih 3Toro BH^a noBpencAeHHň OHa He hc- 
no^ib3yeTCH, Tax KaK AaeT 3aMep conpoTHBJíeHHH 
Z p =Zyl 9 oTvmqHbiň ot 3 aMbiKaHHfi Menc,ny AByMH 
(j)a3aMH. npH Ha^HqHH b CHCTeMe 3a3eMjieHHbix 
Hy^eBbix ToqeK c očenx ctopoh 3amnmaeMoň 

JIHHHH exeMa CT8HOBHTCH TaKHCe^MaJIO npHrOAHOŮ 
H AJIH 3amHT OT 3aMbIKaHH& Ha 3eMJIK). 


PaóoTa cxeMbi c BKjnoqeHneM Ha jiHHefíHbie tokh 
h (j)a3Hbie HanpHHieHHH npn ojiHO(j)a3Hbix 3aMbi«aHHHX 
Ha 3eMJiio, npH HajiHHHH b CHCTeMe 3a3eMJieHHbix Hyjie- 
Bbix ToqeK c o6enx ctopoh 3am,nmaeMoň jihhhh (<j)nr. 
IV, 29). AHajiH3 noJiy^aioiuHxcH 3aMepoB conpoTHBJíeHHH 
MOHCHO npOH3BOflHTb, nOJIb3yHCb BbipSHCeHHeM (IV, 28), npH- 
MeHHMbiM h k HaHHOMy cjiyqaio. H3 ero paccMOTpeHHa cjie- 
ayeT, mto BejinqHHa conpoTHBJíeHHH Ha aaxcHMax peae 33 bh- 

cht ot OTHOuieHHH Tax, HanpHMep, npa h 

/' /4 

yr = 0 ((J)Hr. I, 9; HyjieBan TOHKa chctomh 3a3eMJiena 
*A 

TOJIbKO CO CTOpOHbl IipHeMHOH nOHH3HTeJIbHOH nOHCTaHUHH; 
3aiUHTa ycTaHOBJíeHa co ctopohw nHTaiomeH noACTaHUHH) 


Zp=Zvl; npH 


I 

I n 


1 (to »ce y ho 3 amHTa ycTaHOBJíeHa co 


dopoHbí npneMHOH noacTaHUHH) z p — 3,5zi*l. TaKHM oópa- 
30M Zp KOJieČJieTCH npH H3MeHeHHHX peHCHMa 3a3eMJieHHÍ3 
HyaeBbix To^eK b Tpn c nojioBHHofi pa3a. 3amHTa, HacTpo- 
eHHafi no KaxoMy-TO cpejmeMy peacHMy, mohcct npH stom 
fleficTBOBaTb HecejieKTHBHO. Cjiyqan, 6jiH3KHe k paccMOTpeH- 
HbiM npeaejibHbíM, Ha npaKTHxe BCTpeqaioTCH OTHocHTejibHo 
pejino. O^HaKo KOJieóaHHH b 3aMepax conpoTHBJíeHHH npH 
npaKťHMecKH BCTpeqaiomHXCH cooTHoineHHHx MoryT 6biTb 
BecbMa 3HaqHTeabHbí. ÍIosTOMy npHMeHHTb 9Ty cxeMy jijih 
ceTefl paccMaTpHBaeMoro THna He peKOMemiyeTCH. 

<í>H3HqecKH KOJieóaHHH b 3aMepax conpoTHBJíeHHH o6t>- 
hchhiotch cjie^yiomHM. OcTaTOHHoe HanpnHceHHe noBpeac- 
A6HHOH 4>33bl A 0Ka3HBaeTCH 3aBHCHIH,HM He TOJIbKO OT 7^, 
HO TaKHCe 3a CqeT B3aHMOHH.HyKLIHH OT t B H Iq B 3JXOpOBHX 
$a3ax. npH ycTaHOBKe 3amHTbi Ha nHTaiomeH noacTanimH 
tokh b 3,aopoBbix <jia3ax, HMeiomHe HanpaBJíeHHe, npoTHBO- 
nojioHCHoe 7^, aaioT b <|>a3e A 3a cqeT B3aHMOHHiiyKUHH 
OTpHuaTeJibHoe naaeHHe HanpHHceHHH; z p noHHHcaeTCH no 
cpaBHeHHio co cjiyqaeM 3a3eMJieHH« tojibko c nHTaiomeH 
CTOpOHbl. ílpH yCT3HOBKe 3amHTbI Ha npHeMHOft nOJXCT3HUHH 
tokh b 3jiopoBbix (J>a3ax HMeioT OAHHaKOBoe HanpaBJíeHHe 
c tokom b noBpeHCfleHHoft. naneHne HanpnHceHHH ot B3aHM0- 
mwyKUHH 0K33biBaeTCH nojiOHCHTejibHUM, z p B03pacTaeT. 


CxeMa c tokoboA KOMneHcaunefi ((fmr. IV,30). 
PaccMOTpeHHe cxeMbi BKJiioqeHHH oMsieTpoB Ha 
jiHHeňHue tokh h <J)a3HHe HanpHxceHHH noKa3ajio, 
4 TO npH 0aH04>a3HbIX H AByX<|)a3HbIX 3aMbIK3HH3X 

Ha 3eMJiio OHa .naeT 3aMepH, 33BHC3mne ot ot- 


H0IU6HHH TOKOB 


B MeCTe yCT8HOBKH 3amHTbI. 


npH OTcyTCTBHH tokob HyjieBoň noc^eAOBaTe^b- 
hocth, npn flioĎOM TOKopacnpejiejieHHH b 4>a3ax 
ocTaTOHHbie HanpflxeHHH nponopuHOHajibHbí npo- 
H3Ben6HHio TOKa noBpeHc^eHHH Ha HMneflaHC no- 
.loacHTe^bHoň noc^ieAOBaTejibHOCTH jihhhh. TaKHM 
o6pa30M HCKaaceHHH b 3aMepax onpeAejiaioTCH He 
npOCTO B3aHMOHHayKHHefl, a' B3aHMOHHflyKUHeft, 
Bb!3B3HHOH TOK3MH Hy.ieBOň nOCJieAOBaTeJIbHOCTH. 
3Ty B3aHMOHHAyKU.HIO B03M0HCH0 KOMIieHCHpOBaTb. 


TIJIH 9T0T0 TOK B TOKOBOft OÓMOTKe OMMCTpa HC- 
KyccTBeHHo cjieayeT yBejiHHHTb b cootb6tctbhh 
c yBejiHHeHHeM oeTaToqHoro HanpHHceHHH 3 a cneT 

B33HMOHHHyKU.HH OT / 0 . 

Co»ieTaHHe tokob h HanpjnKeHHfl, hoabosh- 
mwx k 3a*HMaM pejie, npHBeAeHO b Taóji. IV, 4. 


TaÓMma IV, 4 


4>a3a 

A 

B 

C 

h 

i A +ki 0 

IbIt kl. 

Ic + kl, 

u .p 

u A 

Ub 

Uc 



<Pnr. IV, 31. CxeMa c tokoboS KOMneHcaunefi aaa OMMeTpoB, 
HMeioiuHx no jiBe tokobwx oómotkh. 


BxonflmHž b BupaxceHHe I p Koa^HUHeHT k on- 
peaejiaeTCH hhjkc. 

npHHHMaa bo BHHMaHHe BbipaweHHe (IV, 28) 
H BblHOCH B HeM 3a CKOÓKH MHOJKHTejIb Z l -Ž, nO- 
jiynHM (|)a3bi A: 


Zp 


_ijp _■ 


Zj-h/a + 


— >o) 


I A -\-kl 0 


TaKHM o6pa30M ajih nojiy>ieHHH 3aMepa, 3a- 
BHCamero TOJibKO ot paccTOHHHa l ao MecTa noB- 
peacAeHHH, cjieAyeT BuópaTb 


k = 



(IV, 31) 


TorAa conpoTHBJíeHHH Ha 3 a*HMax pejie naK 
npa OAHOtJ)a3Hbix, TaK h npn AByx(J>a3Hbix 3aMU- 
KaHHHx 6yAy t: 


40 = Z 0.1) =zl (IV, 32) 


ConpoTHBJíeHHH Z 0 h Zj HMeioT b odmeM cjiy- 
nae HeoAHHaKOBue HMneAaHCHbie yrjibi. rioaTOMy 
k npeACTaBJíaeT’ coóoř KOMnjieKCHyio BeAHHHHy. 
3to 03Ha>iaeT, hto k tokoboB odMoiKe OMMeTpa 
A jih ocymecTBJíeHHH nojiHož KOMneHcauHH cjie- 
AOBajio 6bi noABOAHTb tok, CABHHyTbiB no ot- 
HonieHHio k / # Ha HeKOTOpuň yroji. OcymecTBHTb 
9TO npaKTHHeCKH 33TpyAHHTeJIbHO. rioSTOMy OČHH- 
ho npeHeóperaioT cabhtom Me*Ay z 0 h z 1 a bh- 

ČHpaiOT k paBHbíM - ~ Zi - hah • 3TOMy cjiy- 

naio cooTBeTCTByeT h exeMa <J>ht. IV, 30. KoscJjh- 


10 * 
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u,neHT TpaHC<J)opMauHH n m npoMeacyTOHHbix TpaHC- 
4>opMatopoB TOica paBeH: 


n, 


_ 3 f B S __ 3 Z 1 


kl n 


Zi 


(IV, 33) 


JXJin B03AyUIHbIX AUHUpl 6e3 TpOCOB Z 0 =S: 3,5 Zj. 
rioaTOMy Rnn hhx n m 1,2; TpaHCjjjopMaTOp to- 
xa HB^aeTca noHHHcaiomHM h k pe/ie iioaboahtch 
JIOnO^HHTe^bHblň TOK, HeCKOJIbKO MeHblHHŘ 3 / 0 B 
Hy^ieBOM npoBOAe cxeMu, 

npH BbinOJIHeHHH exeM C TOKOBOft KOMneHCa- 
iíuefl (<|)Hr. IV, 31) AonoflHHTejibHHň tok no,naeT- 
ca o6mhho >iepe3 oďmHň aBTOTpaHC^opMaTop to- 


iKAeHHH HCnOJIb3yíOTCH TOJIbKO TpH OMMeTpa /. COHeTaHHC 
TOKOB H HanpflHCeHHH Ha HX 3a)KHMaX npOH3BOJ!HTCH npH 
Me>Kjiy(J)a3Hbix 3aMbiKaHHHX coraacHo Taóji. IV, 2 h npn 3 aMbi- 
KaHHBX Ha 3eMJlIO, COnpOBOiKiiaFOIUHXCH COOTBeTCTBy lOUiHMH 
TOKaMH HyjieBOH nocjieAOBaTejibm cth, no Ta6a* IV, 4. 
npH HopMajibHOíi paóoTe h 3aMbiK3HHHx Mencuy (j>a3aMH 
BcnoMoraiejibiibie TpanctjiopMaTopbi Tona 2 coeAHHeHbí b 
TpeyrojibHHK, a TOKOBbie oómotkh OMMeTpOB, — b 3Be3Ay. 
K OÓMOTK3M HanpHJKeHHfl nOABOAHTCH JIHHCHHbie HanpHMCe- 
HHH. OMMeTp, HanpHMep, 4> a3u npH 3aMbIK3HHH MOKAy 

u R — ú c 

4>a3aMH BC 3aMepneT z D = —■ -- = Z\ • /. řípu oaho- 

Ib-Iq 

$a3Hbix h «Byx$a3Hbix 3aMbiKaHHHx Ha 3eMJiFO cpaóaTbiBaeT 
pejie MaKCHMajibHoro Toxai 3 , BKJuoneHHoe Ha tok 3/ 0 . Ilo- 
cpeACTBOM cneuHajibHoro npoMexcyTOHHoro peae 4 ono ne- 




4>ht. IV,32. CieMa npHCoeAHHeHHH .Ha pa3FOCTb jiHHeííHbix tokob h Oht. IV,33. CxeMa npHCoeAHHeHHH oómotok 
jWHefíHbie HanpBMceHHB npH 3aMbixaHHHX MeacAy <£a3aMH h c tokoboh TOKa h HanpaHceHHH OMMeTpOB b 3Be3Ay- 
KOMneHcauneH npH 3aMbiKaHHHX Ha 3eMJiio. 


Ka 2 Ha cneuna^bHO Btí^e^eHHbie rjm stoto qac- 

TH TOKOBblX OÓMOTOK, COeAHHHeMHe y OMMeTpOB 

1 Tpex 4)a3 noc^e^OBaTejibHO. Ilo apyrnM qac- 

THM OÓMOTOK IipOTeKaíOT JIHHeňHbie TOKH. Pe- 
3yAbTHpyiomHe aMíiepBHTKH AByx pa3Ae;ieHHbix 
qacTeft TOKOBOft oómotkh peJie Kantoři cj>a3bi 
nponopuHOHa^bHM npn stom TpeóyeMoft Bejwqe- 

He I+kí 0 . 

CxeMa c TOKOBOft KOMneHcauneft HBJíaeTCH b 
nacToamee BpeMH HaHnyqmeň aah 3aMepoB co- 
npoTHB^eHHft npn 3aMUKaHHax Ha 3eMHio. FIosto- 
My OHa npeHMymecTBeHHO h npHMeHaeTca 3a 
HCKTHoaeHHeM cnyqaeB 3amHTW paAHanbHbix jih- 

HHŘ C OAHOCTOpOHHHM IIHTaHHeM. Ha nocne ahhx 

b HeKOTopux cjiyqanx npeACTaBAneTCH bo3mohc- 
hum ycTaHaBAHBaTb óo^ee npocTyio cxeMy no 
<Jwr. IV, 26. 

CxeMa npHCoeAHHeHHH Ha pa3H0CTb jiHHeňHbix to-, 
KOB H JIBHefiHbie HanpSHKeHHH npH 3aMbIKaHHHX Me>KAy 
$a 3 aMH h c TOKOBOft KoMneHcau,Heft npn saMbiKaHHHX 
Ha 3eMJiio ((jwr. IV, 32). 

OMMeTpbl HBJIBIOTCH H3HÓOJiee CJIOXCHblMH H AOpOTHMH 
3 JieMeHTaMH cxeM AHCTaHqnoHHbix 3amHT. riosTOMy npH 
BhinojiHeHHH cxeM CTpeMHTCH oóecneqHTb npaBH/ibHbiH 3aMep 
conpoTHBJíeHHH npn Bcex BHAax noBpexcAeHHH nocpe^CTBOM 
MHHHMaJIbHOrO KOJIHHeCTBa OpraHOB BblAepXCKH BpeMeiIH. 
B paccMaipHBaeMoň cxeMe 3amHTU ot Bcex bhaob noBpe- 
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pexjnoqaeT BTopnqHbie oómotkh TpaHc4)opMaTopoB Tona c 
TpeyrójibHHxa Ha 3Be3Ay. Ilpn stom ocHOBHbie ToxoBbie oó¬ 
motkh OMMeTpOB BKJIIOqaiOTCH Ha AHHeHHbIH TOK. OAHOBpe- 
MeHHO K AOnOJIHHTeJIbHblM TOKOBblM OÓMOTKaM OMMeTpOB, 
BKJiioqeHHbíM nocaeAOBaTejibHo, hoaboahtch qepe3 aBTOTpaHc- 
(JjopMaTop 5 tok k* Iq. ZtaH npeAOTBpameHHH pa3pbiBa 
BTOpHqHbIX OÓMOTOK TpaHC^OpMaTOpOB TOKa B MOMCHT KQ- 
pOTKOrO 3aMbIKaHHH KOHTaXTbl PvíAe 4 BbinOJIHínOTCH TaK, HTO 
b nepByio oqepeAb npoH3BOABT 3aMbixaHHe ueneň, co3Aa- 
ioiuhx 3Be3Ay* Toabxo nocjie stoto ohh pa3pbiBaioT uenb 
TpeyrojibHHKa. OAH BpeMcHHO c peae 4 npHBOAHTca b Aefi- 
CTBHe npoMeHcyTOHHoe peae 6, nepeKAioMaiomee oómotkh 
H anpaMceHHH c JiHHeHHbjx HanpHMceHHÍi Ha <j)a3Hbie. B stom 
cayqae (HanpHMep, npn 3aMbixaHHH Ha 3eMaio $a3bi A) ee 
OMMeTp, xax h npn Me>KAy$a3Hbix 3aMbixaHHHx, 3 aMepneT 

U A 

conpoTHBjíeHHe z p — ~- ——— —Zyl. 

M + « / 0 

TaKHM oópa30M cxeMa oóecneqHBaer oAHHaxoBbift 3aMep 
conpoTHBJíeHHH npn Bcex OCHOBHbIX BHaax nOBpeHCACHHH b 
ceTHX c Harayxo 3a3eMJieHHoii HyaeBOH to^kopí. OHa oóbe- 
AHHfleT CBOHCTBa HaHJiyqUIHX cxeM 3aU(HTbl OT 3aMblKaHHH 
MOKAy $ a3aMřI í $ Hr * IV, 23) H 3dMblKaHHH Ha 3eMJIIO ($Hr. 
IV, 30). OcHOBHoft ee HeAOCTaTOK — HajinqHe b MOMeHT 
B03HHKH0BeHHH noBpe>KAeHHH nepexjiiOHeHHH b uenax TOKa, 
KOTOpbIH MOXCeT npH 9TOM AOCTHraTb BeJIHHHH nopílAKa MHO- 
THX AecaTKOB aMnep. HeOÓXOAHMO, OJIHaKO, yKa3aTb, HTO 3a- 
Aany C03AaHHfi ajih stoh ueAH AOCTaro^Ho HaAeiKHbix nepeK- 
jiioqaioui.Hx peae b HaCToamee BpeMH mohcho CHHTaTb pa3pe- 

UieHHOH. 

HecMOTpsi Ha 9 to, cxeMa ao HacToamero BpeMeHH He no- 
jiynnaa óojibinoro pacnpocTpaHeHHH. Oó^BCHíieTCíi 9to b «iacT- 



hocth TeM, sto npH nepexoae Ha cxeMM c nepeKJiioqeHHeM 
tokobux uenen cTpeMHTca ocymecTBHTb OflHOCHcreMHbie cxe- 
Mbl, B KOTOpHX 3aMep COIipOTHBJíeHHH npH Bcex BH^aX nOB- 
pe«AeHHH npOH3BOÍHTCfl OJ1HHM OMMeTpOM (c}»Hr. IV, 35). Ofl* 
HaKO, npHHHMBH BO BHHM3HH6 CJIOHCHOCTb nOCJieflHHX, CJie- 
AyeT c^HTaTb paccMOTpeHHyio cxeMy ajih peaKTaHCHbix 3a- 
ihht ceieň 120 kV h Bbiine c yMeHbineHHbíM KOJinqecTBOM 
cjioxchwx pejie oahoh h 3 HamiymiiHX. 

CxeMa coeAHHeHHH b 3Be3Ay oómotok Tona Ha- 
npsnKeHHH (<jmr. IV, 33). OcoóeHHocxbio flaHHon cxeMbi HBJíaeT- 
m npHCoeflHHeHHe oómotok HanpHHceHHH. Oho aBTOwaTHqe- 

CKH H3MeHaeTCH B 3aBHCHMOCTH OT MMCJia CpaÓOTaBIHHX nyc- 
KOBbix opraHOB. npH .ueficTBHH oflHoro (jja3Horo nycKOBoro 
opraHa HanpaHceHne k oMMCTpaM He no^BO^HTC«. flpH ,ae8- 
CTBHH .HByX, HanpHMep, B H C, K OMMeTpaM B h C nOflBO- 
ahtch nojioBHHa jiHHeffHoro HanpjnKeHHH (0,5 U BC \ Tax nax 
OHH OKa3MBaK)TCa BKJHOqeHHUMH IlOCJieAOBaTeJlbHO Ha Ha- 
npjDKeHHe U Bc . FlpH A6 hctbhh Tpex — ko BceM oMMetpaM 



$Hr. IV, 34. ílByx(J)a3HaH cxeMa npHCoejrHHeHHH Ha JiHHeHHbie 
tokh h jiHHeHHbie HanpaHceHHH. 


npH 3aMMKaHHH (b qacTHocTH Meauiy $a3aMH Bh QtiajiexcHO 
óyxeT AefíCTBOBaTb TOJibKo ojahh opraH, BKJiioqeHHbiH Ha 
CHJibHO noHHHcaiomeecH ocTaToqHoe HanpHHceHfie U BC neuiH 
KOpOTKOrO 3aMbIKaHHH. 

JlonycTHMbiM HBJíHeTCH nycKOBOH opraH MaxcHMajibHoro 
Tona, Tax xax b oóeHX noBpeacfleHHwx (j>a3ax tokh kopot- 
xoro 33MbIKaHHH OflHHaKOBbl nO BeJIHHHHe. OjTHaKO H npw 
HeM 3amHTa MoxceT HenpaBHjibHO nojrencTBOBaib, HanpHMep, 
npH 3aMbIKdHHH MeHÉfly AByMH $ a3aMH 3a TpaHC^OpMaTOpOM, 
HMeiomHM coeAHHeHHe oómotok 3Be3fla-TpeyrojibHHx. B aaH- 
hom cJiyqae b ojahoh h3 (J>a3 jihhhh tok 2 1 b ^Ba pa3a 
óojibine, qeM b .npyrHX (J>a3ax. riosTOMy npw cooTBSTCTByio- 
meM y^ajieHHH tohkh xopoTxoro 3aMbixaHHH MOHceT cpaóoTaTb 
Tojibxo o^hh nycxoBOH opraH, nHTaeMHft tokom 21. JJjih 
npeAOTBpameHHH b nofloÓHbix aiyqaax HenpaBHJibHoro .nen- 
ctbhh 3amHTbi ocymecTBJíaiOTCH cneuHajibHbie ójiokhpobkh, 
pa3pemaioiuHe efí jjeficTBOBaTb Tojibxo npH pačoTe MHHHMyM 
aeyx nycxoBbix opraHOB. B cbh3h c H 3 JioHceHHHM, a Taxnce 



4>Hr. IV, 35. OflHocHCTeMHaa flByx<j)a3HaH cxeMa npHCoean- 
HeHHfl Ha pa3HOCTb JIHHeíiHbIX TOKOB H JiHHeHHbie HanpsnxeHHH. 


noABO^HTCH 4>a3Hbie HanpnHceHHH (HanpaaceHHH <}>a3 othoch- 
Te^bHO HyjieBOH Toqxn cHCTeMbi). npw ojiHOBpeMeHHoň pa- 
6oTe $a3Hbix h HyjieBoro, pearnpyiomero Ha tok 3/o, nyc- 
KOBbix opraHOB k OMMerpaM noflBOfljrrcH 4 )a3HHe Hanpaxce- 
HHH (no OTHOHieHHK) K 3CMJie). 

ConpoTHBjíeHHH, 3aMep5ieMbie pejie, hmciot cjiejTyiomne 
3HaqeHHn: npH 3aMbiKaHHfiX Mencjiy TpeMH (})a3a.MH 


-(3) 


Ua 

U 


U* ii 
•a 


z t li 


npH 3 aMMKaHHflx Meatny flByMa (J)a3aMH 




0.5 (Úb — Ůc) _ 0.5 (Ub — Úc) — 0.5• 2/ qZ\■ l 

Ib Íc l B 


zyl; 


npH OAHO^a3HOM 3aMblKaHHH Ha 3eMJIK> 


2 (1) = « LlIí± = ^.z-1,88*,. 

p i i i . 1 

•A ‘A 

JUan noJiyieHHH oanHaKOBoro 3aMepa npn Bcex BHAax 
noBpewAeHHft b cxeMy bboahtch TOKOBaa kom neHcauna (Ha 
$nr. IV, 33 He noKasana). /(octohhctbom noayqaromeňcfl 
DpH 9 TOM cxeMH SBAHeTCH OAHH3KOBHÍÍ 3aMep COnpOTHBJíe- 
HMA npH Bcex bh aax noBpewAeHHií ToabKo TpeMH OMMeTpaMH 
6 e 3 nepeKJiioqeHHH b tokobhx neimx, Kax b cxeMa 4> Hr - Iv, 32. 

OaHHM H3 OCHOBHblX HeAOCT3TKOB CXCMN HBAfleTCa TO, 
ito OHa TpeCyet npHMeHeHHa nycKOBHx opraHOB, KOTopne 
npH 3aMUK3HHax MexcAy AByMS (j)a3aMH HaAe*HO AeScTByioT 
b oóenx «J>a3ax. npH pa6oie TOAbKO oahoto <J>a3HOro nyc- 
KOBoro opraHa cxeMa AeftcTByeT HenpaBHJibHO. B stom cay- 
aae HanpaaceHHe k OMMeTpy He iioaboahtch h nosTOMy oh 
BH e 33BHCHMOCTH OT AHCT3HUHH / 3aMep8eT COnpOTHBfleHHe 
Zp—0. B CBa3H c 3thm a a a cxeMbi 6e3 aonoaHHTeabHbix ee 
ycaoiKHeHHfl Heab3a, HanpHMep, Hcnojib30BaTb nycKOBue 
pese MHHHMaabHoro HMneAaHca (cm, ta. IV, § 13), Tax xan 


C paCCMOTpeHHHMH HHJKe HeKOTOpHMH ApyrHMH HeAOCT3TKaMH 
AaHHaa cxeMa, HecMOTpa Ha paA aoctohhctb, pacnpocTpa- 
HeHHH ne no-ayanaa. 

HByxcj)a3Hafl cxeMa npncoeiiHHeHHsi Ha jiHHeft- 
Hbie TOKH H JIHHeflHbie HanpHWeHHH (<J)Hr. IV, 34) 
[JI. IJ. B AaHHoň cxeMe hhcjio opraHOB BH^epHtKH 
BpeMeHH paBHo m ByM. ToKOBbie oómotkh ommct- 
poB BKJiioqeHbí Ha ^HHeftHbie tokh 1a vi Ic- K om- 
MeTpy 4>a3u A npH paóoTe ee nycKOBoro opraHa 
Bceraa noABOflHTca Han^axceHHe U AB . Ec^h 6bi k 
OMM eTpy (J>a3bi C noflBOflHTb cooTBeTCTBeHHO Bcer- 
Aa HanpaxceHHe U CA , to cxeMa paĎOTa^ia 6w Henpa- 
BHJIbHO npH 33MbIKaHHH MeXC^y <|>a 3 aMH B H C, TaK 

KaK k pe^e He noABOAH^iocb 6bi HanpHHceHHe neTjiH 
KopoTKoro 3aMbiKaHHH. Rna odecneaeHha npaBHJib- 
Horo AeňcTBHa cxeMH npH Bcex 3aMHKaHHax 
Mexcay A»yMH c|)a3aMH k OMMeTpy (J)a3H C, noifa 
ne cpadOTa ji nycKOBOft opraH <|>a3bi A, HOflBoaHTca 
HanpaaceHHe U BC , a nocjie SToro—HanpaxceHHe 
U CA . npH Tpex4>a3HHX KOpOTKHX 3aMbIK3HHaX 

aeňCTByioT OMMeTpu 4>a3 A h C; npn flByx(J)a3HHX 

KOpOTKHX 3 aMbIKaHHHX (j)a3 A H B OMMCTp A\ 
npn kopotkhx 3aMbiKaHHax (J)a3 B h C hjih C h 
A oMMeTp C. 3aMepbi, aaBaeMbie aaHHofi cxeMoň, 
KaK H.noaodHoň eň cxeMoň 4> Hr * IV, 20, cocTaB- 
jiaiOT cooTBeTCTBeHHO 1,73 z x l h 2z 1 l. CxeMa 
KaK flByx([)a3Haa MoaceT Hcnojib30BaTbca 
JIHHHŽ B CHCTeMaX C M3JIbIMH TOK3MH OAHO(J)a3HbIX 

3 aMbiKaHHň. Ee npeHMymecTBO no cpaBHeHHio co 
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cxeMoft (Jmr. IV, 20 — MeHbiuee KOAHqecTBO noT- 
pefiHoro pe^eŘHOro odopyaoBaHHH h ofiecnene- 
Hne OTOioneHHa npa ABOňHbix 3 aMbiK 3 HHax Ha 
3eMAio b 3HaqHTejibHOM HHCJie cAynaeB (—67%) 
m/ibKO oAHoro MecTa noBpeacAeHHH. HeAOCTaTOK 
CXCMH — B 03 M 0 XCH 0 CTb HenpaBHAbHOrO AeŘCTBHa 

npH kopotkhx 3 aMUKaHHax $33 B h C b cjiyaae 
cpaóaTUBaHHa nycKOBoro opraHa (j}a 3 H.í 4 (Hanpa- 
Mep, 3 a caeT óoAbuioro TOKa 3 AopoBoň <j)a 3 bi npn 

ABOřÍHOM 33 MbIKaHHH Ha 36 MJIIO, CM. TA. I, § 8). 

B nocAeAHee BpeMa cxeMa HaanHaeT no.iyaaTb 
uiHpoKoe pacnpocTpaHeHHe aah 3 aiUHTbi ceTeň c 
MaAHMH TOK 3 MH 3 aMbIKaHHH BMeCTO CXeMbl (jíHr. 

IV,20. 

OAHOpejiefiHaa (OAHOCHCTeMHaa) AByx(|>a 3 HaH 
cxeMa npHCcejiHHepHH Ha pa 3 HOCTb jiHHeňHbix 
tokob HJiHHefiHbie HanpHHíeHHH (cj)Hr. IV, 35 ). B 
AaraoS cxeMe hhcao opraHOB BHAepacKH BpeMeHH 
CBefleHO ao OAHoro. K tokoboA odMOTKe OMMeTpa 
npH Bcex BHflax noBpeacAeHHA hoaboahtch l p — 

Ia — Ic■ Ran odecneaeHHH npaBHAbHoro 3 aMepa 
conpoTHBJíeHHa k peAe noABOAHTca aepe 3 koh- 
TaKTU nycKOBbix opraHOB HanpaaceHHe, paBHoe ,, 
hah nponopHHOHa^bHoe ocTaTOHHOMy Hanpaace- 
hhk) Meacfly noBpeacAeHHbíMH 4 >a 3 aMH. 

n P H 3 aMt>iKaHHH MeacAy TpeMa <J)a 3 aMH cpa6a- 
TMBaiOT 06a nycKOBwx opraHa 2 h 3 h noABOAHT 
k 3 aacHMaM peae noAHoe ocTaToqHoe Hanpaace- 
HHe Uac . HMneAaHc Ha 3 aacHMax peAe zfp== 

__Ú A —ů c _Vs Í A *\l _ . _ 

— j~ — yj- f A - Zi n P H 3aMHKaHHH 

Me*Ay AsyMH <J)a3aMH AnC k peAe hoaboahtch Te 

(2) 2/. -z, l . 

ace tokh h HanpaaceHHa, z p —~%jp —™* l. 

řípa 3aMbIK3HHHX MeacAy <|»a3aMH A-B HAH B-C K 
tokoboA oČMOTKe peAe noABOAaTca tokh I a hah 
/ c TOAbKO oahoA noBpeacAeHHOň 4>a3bi. Aah no- 
ayaeHHa b stom cAyqae 3 aMepa, oAHHaKOBoro c 
npeAHAymHMH, k peAe hoaboahtch noAOBHHa 
oCTaTOMHoro HanpaaceHHa. BTopaa noAOBHHa Te- 
paeTca b AoSaBOHHOM conpoTHBAeHHH 4 . TorAa, 
HanpHMep, 

0.5 (Ůa-Úb) 0 . 5-2 j A Zxl 

Zp • • —&i i. 

•A *A 

TaKHM o 6 pa 30 M óóecneaHBaeTca oahh 3 kobi>iA 
3 aMep conpoTHBjíeHHň npn Bcex bhabx 3 aMbiKaHHfi 
MeacAy <J)a 3 aMH. řípa OAHO(j)a 3 HOM kopotkom 3 a- 
MbiKaHHH Ha (J>a3e B, He HMeiomeA TpaHC<f»opMa- 
Topa TOKa, samHTa He AeftcTByex. Ilpn 3aMbiKa- 
hhhx Ha 3 eMAK) Ha Apyrnx i|>a 3 ax npaBHAbHbiň 
3 aMep MoaceT óbiTb odecneneH TOJibKO ripn ycao- 
bhh noABeAeHHH k peAe HanpaaceHHň, nponop- 
UHOHaabHUX 4 ) a 3 HblM. 

Rjih npaBHJibHoco AeňCTBHH cxeMH HeoSxoAH- 
Ma HaAeacHaa paSoTa o6ohx nycKOBbix. opraHOB 
cxeMM. npa 3 aMbiKaHHHX MeaíAy TpeMH 4 > a3aMH H 
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TeMH AByMH, Ha KOTOpbIX yCTaHOBAeHU TpaHC- 
^OpMaTOpH TOKa 3amHTbI. npH OTKa 3 e B pac- 
CMaTpHBaeMbix c^yaaHx OAHoro H 3 nycKOBtax 
opraHOB k OMMeTpy hoaboabtch HenpaBHabHue 
HanpaaceHHH. riosTOMy cxeMa ocyuiecTBaaeTca c 
TOKOBbíMH nycKOBbíMH opraHaMH. 

HeOĎXOAHMO, OAHaKO, OTMeTHTb, HTO npH 3 a- 
MbiKaHHHX MeacAy AByMH <J>a3aMH Ha CTopoHe 
BTopaHHoro HanpaaceHHa chaobux TpaHc^opMa- 
TopoB noACTaHHHň c nepBHaHoň CTopoHbí pacnpe- 
AeaeHHe tokob noBpeatAeHHa TaKOBO, hto b oa- 
hoř H 3 <f»a 3 oh b Asa pa 3 a óoabuie, aeM b AByx 
Apyrnx. B 3 T 0 M CAyaae MoaceT cpaóoTaTb ToabKO 
oahh nycKOBofl opraH, oóycAůBAHBaa B 03 M 0 ac- 
HOCTb npeyMeHboieHHoro 3 aMepa (cm. ta. XI, § 5 ). 
9 to HeoóxOAHMO yqriTUBaTb npn BUĎope xapax- 

TepHCTHK 3amHTH. 



4>nr. IV, 36. OflHocHCTeMHaa Tpexi]>a3Haa cxeMa, aeScTBytomaa 
npH Bcex BH^ax noBpe;KfleHnií. 


npH aboShmx 3aMbiKaHHax Ha 3eMAio pacnpe- 
AeAeHHe tokob noBpeacAeHHa b (J)a3ax, HanpHMep, 
B CeTaX C HeCKOAbKHMH HCTOHHHK3MH nHT3HHH 
(4)Hr. 1,20) MOateT SbiTb TaKOBO, >ito pa3HOCTb 
tokob, noAaBaeMaa Ha TOKOByio oĎMOTKy oMMeT- 
pa, OKaaceTca 6 ah 3 koA k Hýaio h 3am,HTa noAeft- 
CTByeT nenpaBHAbHO. . 

PaccMOTpeHHaa cxeMa BBHAy CBÓeň othoch- 
TeAbHOň npOCTOTbl H AenieBH3HM HaXOAHT Ao- 
CT3TOHHO UIHpOKOe npHMeHCHHe AAa 3aiUHT OT 
3aMbiKaHHň MeacAy 4>a3aMH paAHaabHbix ahhhA c 

OAHOCTOpOHHHM nHTaHHeM H A AH CneAHaAbHUX 

' 3 au];HT niHH (cm. ta. XII). 

\ 

OAHOCHCTeMHasY Tpex(})a3Haq cxeMa BKJiioHeHHn, pea- 
mpyromafl Ha Bce bhaw noBpe>KjieHHň ((Jjar. IV,36). B 

^aHHOíf cxeMe HMeeTCH TOJIbKO OAHH OMMeTp, KOTOpbIH c 
noMombio cneuHaAbHbix nepeKJiioMeHHH b uenfix Toxa h Han- 
píDKeHtiíi^ BKjiiOMáeTCH npw MexcAy4)a3Hbix 3 aMbiKaHHHX no 
jiynuieH cxeMe — Ha pa3HOCTb jiHHenHbix tokob noBpeHcneH- 
Hbix $a3 h ocTaTonHoe jiHHeHHoe HanpnxceHHe neuiH kopot- 
Koro 33MbiKaHHn, npH 3aMbiKaHHax Ha 3eMjiio — no cxeMe 
c tokoboh KOMneHcaunen. 

B cxeMe npHMeHea OMMeTp c pa3Ae;ieHHOH Ha ABe nacTH 
TOKOBOH OÓMOTKOH H CneHHaJIbHbiH CnOCOÓ BKAIOqeHHfí ne* 
nen Tona h HanpfnKeHHfr, AaiomHH MHHHMajibHoe KOJiHnecrBq 
nepeKAioqaioinHx koht 3 ktob h pe^e no cpaBHeHnio c Apy* 

THMH nOAOÓHblMH HCe CyUieCTB VIOmHMH OAHOCHCTeMHblMH 

cxeMaMH p/1.2]. Ha (Jjht. IV,36, H3o6paxceHa pa3BepTKa toko* 
Bbix neneň stoh cxeMbi b nacTH BKJnoneHHH očmotok OMMeTpa. 



ripH HopMajibHoň pačoTe TOKOBue očmotkh OMMeTpa 
pejie THna HP nniaioTCH TOKaMH <j)a 3 A n B t Tax hto 

pe3yjibTHpyiomHe aMnepBHTKH nponopuHOHajibHU I&— Iq. 
ripH 3 aMbiK 3 HHHx MeHcay <J)a 3 aMH A h B y a Taxace Meteny 

TpeMH 4 )33aMH usnu TOKa OCTaiOTCH 6 e 3 H 3 MeHeHHH. npH 
33 MbIKaHHHX MeiKfly 4 )a3aMH B H C nyCKOBblMH OpraHaMH 
aanycKaeTCH npoMeHcyToqHoe pejie 911 - 1 , nepeKjnoqaiomee 

OÓMOTKH OMMeTpa Ha Iq — Iq . npH 3aMHKaHHHX Meacny 4>a- 
33mh C h A nycKOBbíMH opraHaMH 3anycKaeTC« npOMeacy- 

ToqHoe pejie 911-2, nepeKjnoqaioinee OMMeip Ha Ic~Ia- npH 
33MbiK3HHHx Ha 3eMJiio nycKOBoe peae Toxa, BKJiioqeHHoe 
Ha ({MJibTp tokob HyjieBoft nocjieAOBaTejibHOCTH, 3anycKa- 
er npoMeMcyToqHoe peae 911-3, KOTopoe coBMecTHO c pe- 
jie 1 h 2 BKJiíoqacíT OMMeTp Ha tok iiOBpeiKSieHHOH $a3bi 
~j—TOK k\ 3 Iq. 

O^HOBpeMeHHO c nepeKJiioqeHHeM tokobhx uenen npoHC- 
xoflHT nepeKJiíoqeHHe uenefí HanpqnceHHH, oóecneqHBaiomee 
npH Bcex BHUaX KOpOTKOrO 3aMbIK3HHH 3aMepy npHMepHO 
nponopUHOHajibHbia conpoTHBJíeHHio noaotfCHTeabHOH noc- 
Jie^OBaTeJIbHOCTH. 



aAbHOft CeTH C OAHOCTOpOHHHM nHTaHHeM. TOKHHa- 
rpy3KH h nepexoAHbie conpoTHBAeHHH b MecTe no- 
BpeacAeHHa He yaaTbiBaioTca. ConpoTHBAeHaaTaM, 
r^e sto oĎAeraaeT paccMorpeHHe KaaecTBeHHoa 
CTopoHbí aBJíeHHň, caHTaiOTca hhcto peaKTHBHMMH. 

CoHeTaHHe tokob h HanpsnKeHHfl Ha 3avKH- 
Max oMMeTpOB Ha yqacTKe MN c / # ^ 0 (<J)Hr. 
IV, 37). JXm noayaeHHa npaBHAbHoro 3a.\iepa Ha 
3aácHMax peae 1 , ycraHOBAeHHoro Meacay toi- 
KaMH rtOBpeacAeHHa M w N, Heo6xoAH\io hc- 
noab30BaTb 4>a3Hoe HanpaaceHHe nOBpexcAeaHoft 
$a3bi B. Ero BeAHHHHa, onpeAeAaeMaa conpoTHB- 
AeHneM neTAH npoBOA-3eMAH, nponopuHOHaAbHa 

AHCTaHitHH l h paBHa í 7 b=/íj*Zl’/. HanpaateHHe 
Ubc Meacay noBpeatAeHHbíMH 4>a3aMH Ha yaacTKe 
MN He nponopAHOHaAbHO paccTOHHHicř l h a-kh 
3aMepoB HcnoAb30BaHO 6uTb He moacct. 3 to 
o6T>acHaeTca TeM, hto HanpaaceHHe 4>a3bi C 
BnpaBo ot tohkh N MeTaAAHaecKoro 3aMUKa- 
HHH Ha 3CMAK) BCAeACTBHe B3 aHMOHHAyKAHH 
MeacAy 4>a3aMH B h CHe ocTaeTca paBHbíM Hy- 
AK). Ero BeAHHHHa AAH MeCTa yCT3HOBKH 3amH- 

Tbi 1 Ů c =—Íb'Z M ’V. riosTOMy Ubc—Ub — 

— Úc^ÍbIZl-I+Zm’ /')» hah, npeHeóperaa 
aKTHBHblMH CAaraiOHXHMH conpoTHBAeHHň, 
Ubc ss Ib (*l •/ + *.*•/'). TaKHM oópa30M Be- 
AHHHHa OCTaTOHHOrO ZbC 33BHCHT TaKJKe OT 
paCCTOHHHH V AO TOHKH 33MbIKaHHH N, KOTO- 
poe b oómeM CAyaae MoaceT 6 wtb BecbMa Be- 

AHKO. 

Ha OCHOB3HHH H3AOAteHHoro ÁAa yaacT- 
xa MN HeoóxoAHMO coaeTaTb <J>a3Hbie Hanpa- 
AceHHa c AHHeňHHM tokom, HanpHMep, no 
cxeMe 4>Hr. IV, 26 hah no cxeMe c tokoboS kom- 
neHcauneS ($nr. IV,31). CooTBeTCTByromHe 
3aMepbi 6yAyT paBHbí: 



<l>Hr. IV,37. CxeMa jihhhh npw ^bohhom 3aMUKaHHH Ha 3eMJiK> 
h H3MeHeHHe ocTaToqHbix HanpHHceHHH no ee AanHe. 


// 



Ub 

Ib +Wo| 


—z x l. 


Pa3BepTKa ueneií Tosa OMMeTpa noKa3WBaeT yace óojib- 
myio cnoMCHOCTb paccMaTpHBaeMoii cxeMM. riojiHaa Ke cxe- 
Ma co BceMH pene b tokoboS nerin, uenaMH Hanpa>KeHHa h 
nocTOHHHoro Tona OKa3UBaeTca BecbMa caoacHoH h Henocra- 
tohho nane>KH0ft, ÍIoaTOMy TaKHe cxeMu, npeajiaraeMbie jma 
5oJiee -Aoporux peaKTaHCHbix 3amHT, HecMOTpa Ha aasaeMyio 
HMH ĎOJIbmyiO 9KOHOMHIC B pejleHHOM OĎOpyAOBaHHIi OMMe¬ 
Tpa, BHeApnioTCfl b SKcnjioaTauHio Me^JienHO. 

8. 3AMEP COnPOTHBJIEHHň nPH ABOHHblX 3AMbl- 
KAHHHX HA 3EMJIIO 

B COOTHOHieHHHX TOKOB H HanpHHteHHň npH 
ABOHHblX 3aMbIK3HHHX Ha 3CMAK) HMeeTCH pHA 
CBoeo6pa3HHX ocoóeHHOCTefi. 3th ocoóchhocth 
oóycAOBAHBaioT cneuHaAbHHe TpeóoBaHHH k cxe- 
MaM npncoeAHHeHHH ommctpob aah oóecneHeHHa 
npaBHAbHoro 3aMepa conpoTHBAeHHň. npHBOAHMbiá 
HHHCe 3H3AH3 paĎOTbl pa3AHHHHX CXeM BKAIOHeHHH 

HMneAaHCHux ommctpob abh b ochobhom aah paAH- 


ConeTaHHe tokob h HanpHHťeHHfl Ha yqacTKe 
c 7 0 = o ($nr. IV, 37, BAeBO ot tohkh N)< Rnn no- 
AyqeHHH Ha 3 astHMax peAe 2 npaBHAbHoro 3aMepa 
b otímeM CAyqae AonycTHMo HcnoAb30BaHHe xax 
(J»a3Hbix HanpaHceHHft noBpe>KAeHHbix cj>a3, Tax h 
AHH eňHoro HanpaaceHHH MeaAy hhmh. 

y^HTUBafl, no Ha yqacTKe c / 0 — 0 najeiine Hanpawe- 
hhh onpeaejiHeTCH conpoTHB.ienHeM npaMoft nocae«OBatejib- 
HOCTH Z\, nOJiyHHM 

Ubc - ■ is ‘ ( Z ^ + Žr - V + 2 Z x • l”). (IV, 34) 

IlpHHHMaH 2^ = 1,83 Zi, noayqaeM 

Uqc = ÍB'Z\ P.83 (/ + l r ) + 2 /"]. 

TaKHM oópa30M Uqc Ha yqacTKe c/ 0 =0 H3Me- 
uneTCH npHMepHO TaK >xe, kzk Uq Ha yqacTKe MN. 
riosTOMy npH Hcnojib30BaHHH cxeMbi IV, 28 peae /, 
ycTaHOBJíeHHoe na óojiee y^ajieHHOM yqacTKe, Bcerw óy^eT 
paóoTaTb paHee pejie 2 ^>e3 npHMeHeHHH cneuHajibHbix 6 jio* 
KHpoBOK, oóecneqHBaioiuHX OTKJiioqeHHe o^Horo MeCTa noB- 
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peacaeHHfl (rji. III, §29). TaKoe fleíícTBHe 3amHTH hbjihgtch 
^K ejiaTeJibHbíM, TaK Kaic nocjie OTKJiioqeHHH noBpexcaeHHH b 
TO^Ke M 3aMbiK3HHe b ToqKe N MOxceT óuTb, HanpHMep, no- 
rameHO AyroracamHM ycrpoficTBOM. npHMeHeHHe ajiít yqacr- 
kob Iq = 0 JiHHeiiHbix HanpHHceHHH b cxeMax, Aaiomnx 3aMep, 
paBHWH conpoTHBJíeHHio nojioMCHTejibHOH nocaejiOBaTejibHOCTH 
(<jíHr. IV, 23), no TeM xce cooópaHceHHHM aonycTHMO TOJibKO 
npn npHM6H6HHH cxeM c TOKOBoft KOMneHcauneH, JiaiOmHX 
Ha yqacTKe c 7^-0 3aMep, Taoce paBHbiH conpoTHBJíeHHio 
HOJIOMCHTeJIbHOfi nOCJieflOBaTeJIbHOCTH J1HHHH • 

HanpHHceHne $a3U B b MecTe yciaHOBKH 3 amHTbi 2 
Ú B = Í B (Z v l + Z v V + Z x •/"). (IV, 35) 

ConpoTHBJíeHHe Z L , Kaic npaBHjio, 3HaqnTeJibHO óojibme 
Zj. IlosTOMy oTHocHTejibHbiH npHpocT HanpmKeifHH U B Ha 
yqacTKe c /q = 0 OKa3biBaeTCfl MeHbine, qeM Ha yqacTKe 
MN c ÍqJ: 0 h HanpHHceHHe U B craHOBHTCH Henponopuao- 
HaabHblM AHCTaHUHH. npH npHMeHCHHH COqeTaHHH JIHHeHHbIX 
TOKOB H $a3HbIX HanpflHCeHHH 3TO npHBOflHT K B03M02KH0CTH 
HenpaBHjibHoro AencTRHH pejie 2. UMneaaHC Ha 3a»cHMax 
peae 2 b (|>a3e C npn yKa3aHHOH cxeA^ 



Ic • Z x l" 
' ic 


= Z\ l" . 


Twn nycKOBoro opraHa jkjih nepeKjnoqeHHH Hanps- 
HíeHHň c JiHHeňHbix Ha 4>a3Hbie npH ABOfíHbix 3aMbiKa- 
hhhx Ha 3eMJiio. JOtaa nepeKJiioqeHHft Hcnojib3yioTCH peae 
Tona, pearnpyiomHe Ha tok HyjieBOH nocjieAOBaTejibHOCTH 
7 0 , hjih peae HanpHHceHHH, pearnpyiomHe Ha HanpnxceHHe 
HyjieBOH nocaeflOBaTejibHOCTH U 0 . K npHMeHeHHio peKOMeH- 
flyeTCH pejie Tona, nepeKJiioqaiomee HanpHxceHHH Ha <j>a3Hbie 
TOjibKO Ha yqacTKax c Iq^Q. KaK óbuio noxasaHO Bbiwe, 
npH cxeMax 6e3 tokoboh KOMneHcaunn sto oóecneqHBaeT 
óojiee npaBHJibHoe aefícTBHe 3amHTbi. CxeMa c pejie Hanpa- 
HCeHHH npH B03HHKH0BCHHH flBOHHOrO 3aMbIKaHHfl Ha 3eMJIK> 
npaKTHqecKH íiepeKJiioqaeT Bce 3am«Tbi ceTH Ha $a 3 Hbie 
HanpnaceHHfl. OHa He peKOMemiyeTcn k npHMeHeHHio h xjih 
3am«T c TOKOBoň KOMneHcauneH, Tax KaK HMeeT cjieflyio- 

mHH He^OCTaTOK. npH B 03 HHKH 0 BCHHH Ha JIHHHH OflHO(|>a3- 
Horo 3aMbiK3HHH Ha 3eMjno peae HanpaxceHHH nepeKJiioqaeT 
3amHTbi Ha $a3Hbie HanpHHceHHH. OflHOCpaaHbie 3 aM»biKaHHH, 
HanpHMep, b KOMneHcnpoBaHHOH ceTH oóhiqHO aBTOMaTHqeci<H 
He OTKJiioqaioTCH, Ecjih npH hx HajmqHH np 0 H 30 H.neT b ToqKé 
P MeHcxy4)a3Hoe KopoTKoe 3aMbiKaHHe (<}wr. IV, 38), 3amHTa, 
ycTaHOBjíeHHan y Meera 3aMbJK3HHH Ha 3eMJiio b ToqKe P, 
HMeioman Ha 3a»cHMax (j)a3Hoe HanpaxceHHe U p = O, noaeH- 
CTByeT HecejieKTHBHO. 

9. 3AMEP COnPOTHBJIEHHň PEAKTAHCHblMH 


fíumaffue 



4 >«r. IV, 38 . íTpHMep HenpaBHjibHoro aefíCTBHH 
XHCTaHUHOHHoft 3 amHTH, nepeKJiioqaeMOH Ha A^'- 
4 >a 3 Hue HanpHHceHHH nocpe^CTBóM peae Ha- \° > \ 

npHHceHHH, pearHpyiomero Ha U 0 . \ ^ 

PaccTOHHHe l n Bceraa MoxceT OKa 3 aTbc« 3 Ha- 
qHTeabHO MeHbine l B stom cayqae 3amnTa 2 \ \ 

b $a3e C noxeřicTByeT paHee, qeM 3amHTa 7. \ \ 

Ta«HM oópa30M HCnoab30BaHHe <J)a3Hbix Hanpn- \ \ > 
iKeHHH^ Ha yqacTKe c /o ==0 HBaneTcq b ceTH V \ Z 
aaHHOH KOH^HrypauHH HeneaecooópaaHWM. 

B ceTHx 6oaee caoxcHOH KOH^HrypaunH 
ooecneqeHHH oTKaioqeHHH ToabKO o^hofo MecTa 
noBperafleHHH HHoraa npHMeHíiiOTCH cnenHaab- IV » 3S 

Hbie óaoKHpoBKH, Hcnoab3yiomHe 3aMep Hanpa- TaHca h; 
BaeHHH MomHOCTH HyaeBoft nocaeaoBaTeabHocTH 
(cm. ra. III, § 29). flpH hhx oówqHO oTKaioqaeTCfl yqacTOK 
c onepexcaiomeii noBpe)KjieHHofi <j>a30ň. TaKOBbíM Moxcer 
0Ka3aTbCH h 3HHH& c noBpexcaeHHeM b Toqxe N (npn pac- 
noaoxceHHH, HanpHMep, ToqKH M Ha <^)« ÓjmaKO h b 

stom cayqae coqeTaHHe 4 >a3Hb1 ^ tokob h HanpaxceHHH 
na yqacTKe c / 0 = O HeaonycTHMo, Tax KaK, HaoóopOT, npH 
noBpexcaeHHH b ToqKe M onepe^Kaiomeň (J>a3M nceaaTeabHo 
H B03M0HCH0 (no yCaOBHHM ÓaOKHpOBKH) OTKJHOqaTb 3amH- 
toh 1 ToabKO oaHH óoaee yaaaeHHbiíi yqacTOK. 

npH npHMeHeHHH cxeM c tokoboh KOMneHcanaeS h 
yK333HHbix čjioKHpOBOK aonycTHMO h Ha yqacTKax C 7 q= O 
Hcnoab3oeaTb $a3Hbie HanpnxceHHH. 

Hjih ceTeň čoaee caoxcHofí KOHijjHrypauHH, qeM pac- 
CMOTpeHHan (ceTH c aByxcTOpOHHHM nHTaHHeM, KoabuoBaH- 
Htíe h t. a.)» HeoóxoaHMO TaKxce HMeTb b Bnay cae^yiomee-. 
Há yqacTKax c tokom 7 0 =fr O npaBHabHwň 3 aMep oóecne¬ 
qHBaeT TOjibKo cxeMa c tokoboh KOMneHcauneH, KOTopan 
h peKOMeHayeTcq k npHMeHeHHio. OcoóeHHo HeToqHbie 3 a- 
Mepu MoxceT npw stom aaBaTb cxeMa c BKaioqeHHeM om- 
MeTpOB Ha p 33 H 0 CTb aHHeHHblX TOKOB, OÓT>HCHHeTCH 9 T 0 


4>Hr. IV, 39. OnpejíeaeHHe peaK- 
TaHca Ha 3a»HMax OMMeTpa. 


OMMeIPAMH 

PeaKTaHCHbie oMMeTpw pearapyioT Ha 
4>HKTHBHblfi peaKTaHC, paBHblft OTHOmeHHK) 
peaKTHBHofi c^araiomeň 

7 VfhZp HanpH^ceHHH U p Ha hx 

3aacHMax k toky I pi nH- 
TaiomeMy tokobyio 06- 

MOTKy: x p =j*-s\x\y p ==z 

= z p sincp npH 3aAaHHbix U p , 
I h yrjie y p Mexcay hhmh x p 

MOHceT 6biTb onpeA^eH anajiH- 
THHeCKH rpacJjHHecKH. 

Pp jr 

AHaaHTHMecKoe onpeflejieHHe x p . 
06o3Haqan qepe3 a h f yrJibi noBopoia 

!_ _ BeKTOpOB U p H Ip OTHOCHjeJIbHO 0CH 

V' j^eflcTBHTeabHbix 3HaqeHHH, noayqHM 

U„=U„-e Ja h L = / D (^nr. IV, 


Up— U p -e 


l p = I p e> 


39), rj^e b — ocHOBaHHe HaTypajibHbix 
^orapH(J)MOB. OTHomeHHe BeKiopa 
HanpHHceHHH k TOKy 


Pa3H0CTb yraoB a~p = (pp. riosTOMy -2 -= z p -eh = 

b 

=z p -cos <fp-^rjzp-sitifp. Bennnma z p -s\n y p npeacTaB^ae? 

peaKTaHC x p . TaKHM o6pa30M x„ HHC.ienno paBeH mhhmoř 
íacTH BWpaweHHoro b KOMnaeKCHoň «|)OpMe oTHomeHHsi noa- 
BOAHMoro k peae Hanpa»ceHH9 k TOKy. 

rpaťJ)HHecKoe onpeAejieHne x p . J\nn rpa^HMe- 
CKoro onpejiejeHHíi x p npoBOAHTCH ocb peaKTaH- 
cob —npHMafl, nepneHAHKy^apHafl k BeKTOpy I P 
IV, 39). riojioMCHTeAbHoe Hanpas^eHHe och 
onepexaeT tok Ha 90°. z p , nponopuHOHaAbHwft 
HanpaHceHHK) U p , H3o6pa*aeTca b apyroM Mac- 
HlTafíe OÓIUHM C HHM BeKTOpOM. npOeKHHH BeKTO- 
pa z p Ha ocb peaKTaHCOB, paBHaa z p sln<?p, aaeT 


TeM, q T0 paaHOGTb tokob noB P e« A eHHbix 4,83 jawě npw P a *£ Ha 0Cb peaKTaHCOB, paBHaa 0p sility, AaeT 
HX ÓOabUIHX aĎCOJIIOTHUX 3HaqeHH9X MOafeT ÓbITb 6 jIH 3 Ka k x p- B 33BHCHMOCTH OT 3HaKa npoeKUHH Xp MOHceT 
Hyjiio (cm., HanpHMep, 4>Hr. 1,20). 6biTb nOJíOHCHTejibHHM (0° 180°) hjih OTpH- 
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iiaTe/rbHbíM (180°-<<pp<;360 o ). ÍTpa HanpaBjíeHHH 
BeicTopa I p no och jteftcTBHTejibHux 3HaneHHň 
(P = 0) ocb peaKTaHcoB coBna,aaeT c ocbio mhhmhx 
Be/ranHH. 

ripn noABeAeHHH k peaKTaHCHbíM OMMCTpaM 
B C/iynae MeTa.fniHHeCKHX KOPOTKHX 3aMblK3HHft 

oCTaTOMHbix HanpaxceHHŮ, onpeae^aeMux I p n 
CflBHHyTHx no OTHomeHHio k noc^e^HeMy Ha yroji 
y P , paBHbiň yrviy newa KopoTKoro 3aMHKaHHH <f K , 
oĎecnennBaeTCH 33Mep conpoTHB^eHnft, nponop- 
HHOHa^IbHblX TO^IbKO pC3KTHBHOMy COnpOTHBJíeHHJO 
yqacTKa jihhhh ot wecTa ycTaHOBKH 3am,HTbi ao 
MecTa noBpeaciieHHH. ílpH noABeaeHHH ocTaTOHHux 
HanpaxceHHů, nponopunoHajibHbix I p , ho c^BHHyTUx 
no OTHomeHHio k HeMy Ha yron, OTJiHHHbiň ot 
yivia <p*, no^ynaioTca 3aMepbi, 3aBHCHuiHe ot Be- 
jiHHHHbí aKTHBHOfl cjiaraiomeft yjne^bHoro conpo- 

THB^ieHHH flHHHH R v 3t 0 nO.TO>KeHHe paCCMOTpeHO 
Hnace Ha npHMepe BK^noneHHH peaKTaHCHbrx ommct- 
Pob Ha nHHefiHbie tokh h HanpsmeHHH ((|mr. IV, 20). 


THBJíeHHH 2z 1 ~l Ha GCb MHHMblX Be^HHHH. ErO* 
BejiHHHHa ^=2sin«p*=2x,./. TaKHM o6pa- 
3om 3aMep nponopnHOHa^eH peaKTHBHOMy conpo- 
THBJíeHHK) JIHHHH. IlpH 3aMbIK3HHH MejKfly TpeME 
4>a3aMH k OMMeTpy, jaanpHMep, (jmu A noABO- 
AHtch Ia h Uab ~Ý ZIa'Z\'1, CABHHyToe no ot- 
HOmeHHio k 1 A Ha yroa <? p — ® K + 30° (4>Hr. IV, 41 )i 
x p paBeH npoeKUHH conpoTHB^eHHH j/~3 ~z x -l h® 
OCb MHHMHX B6JIHHHK: 

x p W — V~3z 1 1 sin (<p, -f 30°) = 

— V 3 Zť l sin <p k-\-~y cos <p K j = 

= 1 ,5x t í + R ,. /. (IV, 40> 

H3 (IV, 40) cjiejxyeT, *ito x p b paccMaTpHBaeMofe 
CxeMe, npH TpeX(f>a3HOM KOpOTKOM 3aMbIKaHHH,, 
3 aBHCHT OT aKTHBHOrO COnpOTHB^eHHíl JIHHHK 



Onr. IV,40. rpatjwqecKoe onpeaeaemie 
peaKTaHca Ha 3a»cHMax OMMeTpa, bkjiio- 
qeHHoro Ha jihhchhbih tok h JiHHefíHoe 
HanpHHfeHHe, npH 3aMbJKaHHH Mexmy 
AByMH 4>a3aMH. 



4>hi\ IV, 41. Tpa^H^ecKoe onpeaejieHHe' 
peaKTaHca Ha 3axcHMax OMMeTpa, bkjho- 
HeHHoro Ha jiHHefíHuň tok h jiHHefíHoe 
HanpHHceHHe, npH 3 aMí>iK 3 HHH Mexwy 
TpeMH <t >a3aMH * 



<f>Hr.IV, 42. rpa4>H^ecKoe onpeaejieHHe 
peaKTaHca Ha 3 ancHMax OMMeipa, bkaio- 
HeHHOrO Ha JIHHefíHbIŽÍ TOK H JIHH6HHO6 
HanpHHceHHe, npH 3 a\ibiKaHHH MeiKjy 
jn-ByMH 4 >a 3 aMH qepe 3 aKTHBHoe nepe- 
xojuioe conpoTHBJíeHHe. 



<I>Hr. IV, 43. CxeMa jihhhh npH 3 aMbiKaHHH Me»íy flByMfl 
(j)a3aMH qepe3 aKTHBHoe nepexoflHoe conpoTHBJíeHHe. J 

npH aHa;iH3e npHHHTbi Te nce ^onymeHHH, mo h 

rjm HMne^aHCHMx OMMeTpoB. 

npH 3aMbiKaHHH Meacjiy ^ByMH 4>a3aMH B H C 
k OMMeTpy <j)a3H B no^BOAHTCH U B c~2h-Zi-l 
h Ib. yroJi Mexiky hhmh <p p = cp K . npH HanpaBne- 
hhh BeKTopa I B no oca ^eňcTBHTejibHbix 3HaneHHň 
(4>Hr. IV, 40) x p onpeAenHTCH npoeKUHeň conpo- 


/?!*/. B 33BHCHM0CTH OT BeaHMHHH /?, OH MO*eT 
6HTb óo^bme hjih MeHbiue aaMepa npH aByx<|)a3- 
HOM KOpOTKOM aaMblKaHHH. B ÓOJiee COBepmeHHbIX 
cxeMax BKjnoneHHH ommctpob, HanpHMep, Ha pa3_ 
HOCTb ^HHeflHblX TOKOB H ^HHeŽHHe HanpHMCeHHH 

( 4 >ht. IV, 23) yro^' Meac^y tokom h HanpHweHHeM, 
npHBOAHMUMH k pe/ie npn Bcex MeM£fly4>a3Hbix 
kopotkhx 33MbiKaHH5ix, paBeH <p K . TaKHe CXeMbl npH 
cooTBeTCTByronjHX Bnnax KopoTKoro 3aMbiKaHH« 
AaioT 3aMep, nponopnnoHa^bHbii) TO^bKO peaK¬ 
THBHOMy COnpOTHBfleHHIO JIHHHH X v 

IlpeHMymecTBOM peaKTaHCHbix ommětpob no 
CpaBHeHHK) C HMneiiaHCHblMH HB^aeTCH TO, HTO- 
hx saMepbi b MeHbmefi Mepe, qeM y HMneaaHC- 

HHX, 33 BHCHT OT nepeXOAHHX 3 KTHBHHX COnpO- 

THBJíeHHfl b MecTe noBpeaaeHHH. TaK, HanpHMep,. 
b paflna^bHoň ceTH c oahoctopohhhm nHTaHneM 
npH OTCyTCTBHH TOKOB Harpy3KH Ha 3aMepH 6o^b- 
uiHHCTBa cxeM CHMMeTpHHHbie nepexoflHbie conpo- 


i5a 



THBJíeHHH coBepmeHHO He bjihhiot. Ha ťjmr. IV, 42 
iipHBeiieHa BeKTopHaa .nnarpaMMa tokob h Hanpa- 
^KeHHft Ha 3aacHMax pe^ie (|)a3M B, BK/noqeHHoro 
aa ^HHeftHbiň tok h ^HHeňHoe HanpaaceHHe, npn 
3aMbiK3HHn Meacay <J)a3aMH B n C qepe3 R n 
((fmr. IV, 43). G/iaraJoinaa ocTaTOHHoro Hanpaace- 

hhh Ubc, oóyc^OB^ieHHaa R n , paBHa Is^Rn- no 
drne oHa coBnanaeT c Ij$. IloaTOMy ee npoeKuna 
na ocb peaKTaHCOB paBHa Hyaio. C./ie,flOBaTe./ibHO, 
R n Ha 3aMepe He CKa 3 biBaeTca. B CBH3 H c sthm 
peaKTaHCHbie OMMeTpw, HecMOTpa Ha cboio caoac- 
HOCTb, umpoKO npHMeHHK>TCa naa 3amHT ceTeň 
HanpaaceHHeM 110 kV h Bbirne. B ceTax 9Toro 
BHaa Rn, 06yM0BHeHHbie B qaCTHOCTH BOflbTOBblMH 
ayraMH, MoryT HMeTb BecbMa 6oabinHe 3HaqeHHa 
(CM. IVI. I, § 5). HeOĎXOflHMO, OAHaKO, OTMeTHTb, 
qTO npn yqeTe HenoBpeacaeHHbix 4>a3, HecHMMeT- 
Phh R n b MecTe noBpeHcaeHHa h apyrax <j)aKTopoB 
(cm. caeayioinHB naparpat})) paóora peaKTaHCHHx 
OMMeTpoB, aaace BKaioqeHHbix no HaHayquiHM 
cxeMaM, OKa3biBaeTca 3aBHcainefi ot R n . 3 to bahh- 
ene, KaK npaBHao, 6uBaeT Bce ace MeHbuiHM, qeM 
na HMnea,aHCHbie OMMeTpw. 

10. OI11HBKH B 3AMEPAX COIlPOTHBJlEHHfl 
OMMETPAMH 

BjiHnHHe CHMMeTpnqHbix nepexoaHbix conpo- 
THBJíeHHfl Ha pa6oTy HMneaaHCHbix opraHOB bw- 
aepwKH BpeMeHH. HaanqHe R„ b MecTe noBpeac- 



^řnr. IV, 44 . flaarpaMMa conpoTHBJíeHHft Ha 3 a>KHMax HMne- 
aaHCHbix opraHOB BbiAepacKK BpeMeHH. 

AeHHa npHBOAHT k yBeHHqeHHio Z p , 3aMepa6Moro 
peae. 

HcKaaceHHa b 3 aMepax, aaa cayqaa oahoctpoh- 
Hero nHTaHHH MecTa noBpeacAeHHa, HanpHMep, 
33 MbiKaHHa Meacny TpeMa cjmaMH, HanSonee Har* 
hhhho BbiaBHaioTca b anarpaMMe conpoTHBHeHHň 
(cjiHr. IV,44). OHa opneHTHpoB 3 Ha no och HMne- 

h,3hcob, 3aMepaeMbix pe./ie. riofl, yraoM cp K =arctg 
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k nocaeAHeS npoBeneHa ocb aKTHBHbix conpoTHB- 
HeHHÍÍ R; OCb pěaKTHBHbIX COnpOTHBAeHHň X 

nepneHAHKynapHa k och R. npH MeTa^HHqeCKOM 
3aMbiKaHHH b ToqKe F' (4>hi\ IV,45) pene 
/ 3aMepaeT conpoTHBfleHHe z pl = z 1 -l l h peae 2 
z P2 =Zi'l 2 . flyrn OKpyacHOcreň, onncaHHbix H3 
neHTpa nnarpaMMu pa^HycaMH z pi h z P2 , onpene- 
hhiot conpoTHBJíeHHH, npn KOTopux 3auiHTbi paóo- 
T3IOT c CeneKTHBHO nOAOĎpaHHblMH BbUepHCKaMH 
BpeMeHH t x h ř 2 . npH HanHqHH R n noc.ne.fl.Hee hohhcho 
6biTb oTfloaceHO no och R h reoMeTpnqecKH CTioace- 

HO c Zp t H Z Pi . npH 9TOM Z p COOTBeTCTBeHHO 
B03paCTyT ao 3HaqeHHň Zfa' h z P2 '. KaK bhhho h 3 
AHarpaMMbi, H3MeHeHHe z p npn oahom h tom ace 
R n nojiyqaeTcn TeM SoflbniHM, qeM MeHbme yroa 
<p K . HoBbie 3HaqeHHH BbiaepaceK BpeMeHH 1 h 2 
^3auiHT 33BHC3T ot THna BbiépaHHbix xapaKTepn- 
CTHK t = f ( Zp ). 

npn CTyneHqaTux xapaKTepncTHKax o6e aaniH- 
Tbl MOryT HMeTb BblAepHCKH BpeMeHH BTOpoň CTy- 
neHH hah npn SóflbuiHX 3HaqeHHHx R„ Bbifl,epacKH 
BpeMeHH TpeTbHx CTyneHefl. nepBbifl H3 yKa3aHHbix 
cnyqaeB noxa3aH Ha (|)Hr. IV,45. rioBpeacaeHHe 
npoH3oniflo HenocpeacTBeHHO y MecTa ycTaHOBKH 
3aiu,HTbi 1 b ToqKe F". BejinqHHa R n qHcaeHHO 
HeMHoro npeBbímaeT HMne/iaHC nepBOň 30 hu BD 
3amHTbi 1. IloaTOMy OHa aeňcTByeT c BWjnepacKofl 
BpeMeHH BTOpoň CTyneHH. CqHTaeM, hto aahhu 
yqacTKOB AB h BC hmciot Taxoft MacuiTaó, hto 



<t>Hr. IV,45. CxeMa paflHajibHoii ceTH c oahoctopohhbm nn- 
TaHHeM, B KOTOpOH yCTaHOBJíeHa AHCTaHUlHOHHaH 3 aiUHTa 
HMnejtfiHCHoro THna co cTyneHnaTOíi xapaKTepncTHKOH. 


qHcneHHO paBHbí hx HMneAaHcaM. Toraa conpo- 
THBfleHne Ha aaacHMax pene 2, paBHoe 0Tpe3Ky 
AE, noflyqaeTCH nyTeM npHÓaBfleHHH k OTpe3Ky 
AB b ToqKe B noa yrnoM y K 0Tpe3Ka BE, paBHoro 
R n . BbiAepacKa BpeMeHH 3am,HTbi 2, cooTBeTCTByio- 
inaa Taxace BTOpoň CTyneHH, nojiyqaeTca KaK 
opflHnaTa ToqKH K nep^ceqeHHa och HMnefl.aHCOB 
c oKpyacHOCTbio, onHcaHHoS H3 ToqKH A xax neHTpa, 
pannycoM, paBHbíM AE. TaKHM oópa30 M b a 3 Hhom 
cflyqae 3auiHTa 2 paóoTaeT OAHOBpeMeHHO c nep- 
Boň HeceaeKTHBHO. 

/leňCTBHe 3ainHTbi bo btopom c^yqae (npn 
óoflbniHx 3HaqeHHHX R n ) 33 bhcht ot cnocoóa bh 6 o- 


pa BfemepaceK BpeMeHH TpeTbax CTyneneň h xapaK- 
Tepa KOMMyiauHH ceTH. B ceTH pa^Ha^bHoň hjih 
KO^bUOBaHHOň, HO C OAHHM HCTOHHHKOM nHTaHHH 
TpeTbH CTyneHH MoryT ófeiTb noAOĎpaHbí no BCTpeq- 
HO-CTyneHnaTOMy npHHHHny (cm. ivi. III). Toraa 
3amHTbi 6y^yT paóoTaTb cejieKTHBHO. B ceTax 

CHOHCHOň KOH(|)HrypanHH C HeCKO./IbKHMH HCTOHHH- 
k3mh nHTaHHH paóoTa 3amHT b TpeTbnx CTyneHHx 
OKa3biBaeTCH, kbk npaBH^o, Hece^eKTHBHOřt. 

HecKOJibKo Apyrae pe3y./ibTaTbi nojiynaioTCH 
npH npHM6HeHHH H3KJIOHHb!X xapaiíTepHCTHK. 
B 3tom c^iynae npn B03pacT3HHH R n yMeHbuiaeTCH 
CTVneHb BUAepJKKH BpeMeHH A t MejKAy HHMH, BblÓH- 



4>Hr. IV, 46. CxeMa jihhhh c jibyxctopohhhm nHTamieM npn 
3aMUKaHHH Meacfly flByMH $a3aMH ^epe3 aKTHBHOe conpoTHB- 

jieime. 


paeMaa oóhhho H3 pacneTa MSTa^iJiHnecKHx 3aMbi- 
KaHHfi. 3to oďtjhchhctch TeM, hto 3a cneT reoMeT- 
pHHeCKOrO C^OHteHHH R H Z A pa3HOCTb Z p% —Žpi 
yMeHbiuaeTca c yBejiHqeHHeM R„ a npn R n =o o ae- 
^aeTca paBHořt z x l x cos<p K =/? 1 -/ 1 -0,ttHaKo ecjiH 
AJia 9Toro peacHMa xapaKTepHCTHKH óuah noAoó- 
paHW T3K, HTO Ha BC6M npOTHXCeHHH HMejIH CTyneHb 
A č=const (Hadnpa^ocb 3 a cneT conpoTHBJíeHHH 
zji), to npn noBpeacAeHHHx H£pe3 Bce yBe^HHH- 
BaromnecH nepexoaHue conpoTHBJíeHHH (/?„—» 00 ) 
CTyneHb Meauiy 3amnTaMH CHHacaeTCH BeaoHyjiH. 
Kax c^eayeT H3 4mr. IV, 43, OHa onpeAe^iaeTCH 
Tenepb conpoTHB^ieHHeM z 1 l l cos npaBHa 

A 4in = Ač- cos cp* (IV, 41) 

R*-+ 00 

TaxHM o 6 pa 30 M npH Ha^HHHH CTyneHH Ač, 
BMÓpaHHofl co 3HaHHTe^ibHbiM 3anacoM, h npH Ma- 
./iux yr/iax <p K B03M0)KH0CTb HecejieKTHBHoro flefi- 
ctbhh 3ainHT npn paóoTe b HaKjiOHHoň nacTH 
xapaKTepncTHK Ma^o BepoaTHa. PaóoTa 3 amHT c 
npeiie^bHbíMH BbwepHCKaMH BpeMeHH č 3 (4>Hr. IV,2a) 
aHa^orHHHa paccMOTpeHHOMy Bbinie cjiyqaio aeň- 
ctbhh 3aniHT co CTyneHnaTHMH xapaKTepncTHKaMH 
B TpeTbHX 30HaX. 

npn Ha^nqHH AByxcTopoHHero nHTaHHH Ha 3 a- 
Mep HMneaaHca B^naeT He TO^bKO BejiHHHHa R„, 
HO H TOK lIOBpeHCAeHHH, HAyWHŮ C npOTHBOnOJIOHC' 
Hoři dopoHbi. Tax, HanpHMep, npn AByx<J>a3HOM 
3aMbIK3HHH ((|)Hr. IV, 46) OMMeTp 4>a3bl B, BKJIÍO- 
neHHuň Ha ./iHHeíiHbifi tok Ib h ^HHeňHoe Hanpn- 

aceHHe U B c, 3aMepneT (npHČA = 5 = 0) conpoTHB^eHne 


IR /» 


+-r • 


(IV, 42) 


npH TOKe I'b 3HaqHTe^bHO óo^bineM, qeM /b, 
aance npa OTHocnTejibHO Heóo./ibmnx 3HaqenHax 
R n MoryT npoHCxoAHTb 3HaqnTeJibHbie b CTopoHy 
yBe;iHqeHHH hck 3 }K 6 hhh b 3 aMepax. 

BjIHflHHe CHMMeTpHHHblX nepeXOAHbIX COnpOTHBJíeHHň 
Ha paóoTy peaKTaHCHbix opraHos BbiAep>KKH BpeMeHH. 
B oómeM c^yqae npH najin^HH AByxcTopoHHero nHTaHHH 



<řnr. IV, 47. BeKTopHan anarpaMMa conpoTHBJíeHHH Ha 3a»cH- 
Max OMMeipoB, yciaHOBJíeHHUx na jihhhh, HMeiomeH aByx- 
CTopoHHee nHTaHHe, npn 3aMbi kbhhh Meac^y ^ByMH 4>a3aMH 
qepe3 nepexo^Hoe conpoTHBJíeHHe. 

R n BJIHHIOT Ha 3aMepH peaKTaHCHUX OMMeTpOB, BKJHOqeHHHX 
flance no HaHJiyquiHM H3 cymecTByiomHX cxeM. Hnnce b BHfle 
npHMepa ajih npocTOTbi paccMaTpnBaeTCH paóoia oMMeipa, 
BKJiioqeHHoro Ha jiHHeňHbiH tok h jiHHeHHoe HanpanceHHe 
npn 3aMUKaHHH Mencfly flByMH 4 )a33MH ($Hr. IV, 46). x pt 

HanpaBjíHH Ib no ock flencTBHTejibHbix 3HaqeHHH, onpeflejiHT- 
ch Kax npoeKUHH z p (IV, 42) Ha ocb mhhmwx bcjih^hh 
( 4)«r. IV,47). Ecjih i d = I B 4* Ib coBnaflaeT no 4> a 3e c Ib , 
to R n Ha 3aMepe x p He CKa3biBaeTCH. Ecjih l' d oTCTaeT ot I b> 
to 3aMep x p nojiyqaeTCH npeyMeHbiueHHbíM; ecJiH, HaoóopoT 
onepencaeT (7^)* T0 npeyBejinqeHHbíM (-^)* M3MeHeHHe 
<fca3bi TOKa flyrn, onpeflejineMoe BeKTOpoM Tona ť B , noflTe- 
Kaiomero c npoTHBonojioácHon CTOpoHU, MonceT oóycjiOBjíH- 
BaTbCH pacxcncfleHHeM no 4> a3 e s. fl. c. HCToqHHKOB nHTaHHH 
H HeOflHHaKOBMMH HMneflaHCHblMH yrJiaMH yc H aeB0 ^ 
h npaBOH qacTeň CHCTeMbi. npH stom HeoóxoflHMo Bcerfla 
HMeTb b BHfly, hto ecjiH pejie, ycTaHOBJíeHHbie no oflHy 
CTopoHy ot MecTa noBpenciieHHH, flaioT npeyBejinqeHHbie 
3aMepu (HanpHMep, tok I p = I B OTCTaeT ot /^), to pejie, 
ycTaHOBJíeHHbie no flpyryio CTopoHy MecTa noBpencfleHHH 
(/ p = /^ onepencaeT //j), oÓH3aTejibHo flaflyT 3aMepbi npe- 
yMeHbmeHHbie. 

Bo3MoncHOCTb yMeHbmeHHH x p no cpaBHeHHio c pacqeT- 
HblMH MOHCeT npHBeCTH K HeCeJieKTHBHOMy fleilCTBHK) 3aiUHTU 
HenoBpencfleHHoro yqacTKa c BbjflepncKOH BpeMeHH nepBOH 
CTyneHH npn noBpencfleHHH b nepBOH 30 He CMencHOH jihhhh 
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(<j>«r. IV, 19). yBejiH^eHHe 3aMepoB MeHee onacHO, qeM hx 
yMeHbiueHHe, TaK KaK b pane CJiyqaeB npHBOUHT TOJibKO k 
3aTHMCKe b oTKJiioqeHHH uoBpeMc,neHHft. O^HaKO, ecjin npe- 
yBejiHqeHHhie 3aMepu BU3biBaioT aeňcTBHe 3amHTU noBpeac- 
AeHHoro yqadKa c Bbi,aep}KKO0 bpcmchh TpeTben CTyneHH, 
3aiHHTH HenoBpeiKfleHHbix yqacTKoa MoryT cpaóoTaTb Hece- 
jieKTHBHo. 3to 6y.neT b tom CJiyqae, ecjiH BbuepHCKH BpeMenn 
TpeTbwx CTyneHen He corjiacoBaHbí Meaqiy co6o0. 

BjiHHHHe HecHMMeTpHMHbix nepexoAHbix conpoTHBJíe- 
HHň Ha paóoTy oMMeTpoB npn 3a.MbiKa.HHH Me>KAy TpeMsi 
4>a3aMH. HaHóojiée BepoHTHbíM bhjiom HecHMMeTpHqHoro 
3aMbiKaHHH Me^y T peMH $a3aMH hbjihctch nepeKpbiTHe 
flByx H3 hhx Ha TpeTbio. Ha 4>nr. IV, 48 npHBeAeH cjiyqaň 
3aMbiK3HHq <j*a3 A h C Ha $a3y B qepe3 aKTHBHbie conpo- 
THBJíeHHH BOJibTOBMX ayr R A h Rq. IlojiyqaiomHeCH coot- 
HOI1I6HHH flJIH 3aMepOB HMneflaHCHblMH H peaKTaHCHblMH 
OMMeTpaMH paccMaipHBaioTCH npH cjie,ayK)mHx aonymenHHx: 
llHTaHHe OflHOCTOpOHHee, TOKH Harpy3KH OTCyTCTByK3T, CH- 



<l>nr.lV,48. HecHMMeTpHqHoe 3aMbiKaHHe Meacay TpeMH $a3aMH. 


• Ea^ag 



l 


<l>Hr. IV, 49. BeKTopHan anarpaMMa tokob h HanpHHceHHň 
npH HeCHMMeTpHqHOM 33MblKaHHH MeXCAy TpeMH 4>B3aMH co- 
raacHO (Jmr. IV, 48. 

CTeMa HMeeT hhcto peaKTHBHoe conpoTHBJíeHHe Xq = 1 9 
BbipaiKeHHOe B OTHOCHTeJIbHbIX e^HHHUaX H OAHHaKOBOe JI JIH 

nojioHCHTejibHOH h oTpHuaTejibHoň nocJie,noBaTeJibHOCTeH, 
conpoTHBJíeHHe nym R a = 0 9 5Xq 9 Rc = 0,75 Xq. Pe3yjibTa- 
Tbi pacqeTOB tokob noBpeacaeHHH h ocTaToqHbix HanpnEceHHH 
fljiH xoqeK F h P npeacTaBJíeHH b BH,ae BeKTOpHOHflHaFpaMMH 
(4>Hr. IV, 49). HMne,aaHCbi h peaKTaHCbi Ha 3aacHMax OMMeTpoB, 
IipHCOeUHHeHHblX Ha pa3HOCTb JIHHeHHbIX TOKOB H JIHHeHHbie 

HanpjnKeHHH, onpeaeJieHHbx no (jjnr.IV, 48 ajih Toqex F{Xc= 0), 
P(Xc~ 0,5) h G(X C = 1) CBeaeHbí b anarpaMMy <j)Hr. IV, 50. 
Ha ocHOBaHHH ee paccMOTpeHHH npejCTaBjíneTCH bosmohchmm 
c^eJiaTb cjienyiomHe bmboah [71.3;J"f.4]: 

1. HajiHqwe b MecTe noBpeameHHH HecHMMeTpHqHbix 
R n CKa3biBaeTCH Ha 3aMepax He TOJibKO HMneaaHCHbix, ho 
T axíce h peaKTaHCHbix OMMeTpoB. 
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2. OlUHÓKH B 3aMepaX MOryT ÓbITb He TOJJbKO 
nOJIOHCHTeJIbHblMH, yBeJIHqHBaiOIUHMH ConpoTHBJíeHHe Ha 
3ancHMax, ho Taxnce h OTpHuaiejibHbíMH, ero yMeHbmaioiuHMH. 
OcoóeHHO onacHbí OTpHuaTejibHbie ouihókh, KOTOpwe npH- 
BOflHT K B03M0HCH0CTH HeCeJieKTHBHOTO ,He0CTBHH 3aiUHT C nep- 
bmmh CTyneHHMH npw noBpeHCfleflHHX Ha cMe»cHbix yqacTKax. 
Ocočo 3aaqHTeJibHbi oTpHuaieJibHwe ohjhčkh y peaKTaHCHbix 
OMMeTpOB; y HMnéflaHCHblX OMMéTpOB OHH OTHOCHTeJIbHO 
HeBeJiHKH, hto HBJíneTCH hx 6e3ycjiOBHbiM npeHMymecTBOM. 

3. Oa3a onepeacaiomaH (A) no othoujchhio k toh, Ha 
KOTopyio npoH30injio nepeKpbiTHe ( B ), HMeeT npeyMeHbiueH- 

Hbie 3 aMepbi peaKTaHCOB. OóijHCHHeTCH sto TeM, hto I a 

OTCTaeT ot 7 A — I b > h noaTOMy naaeHHe HanpnHceHHH b 

.ayre, HBJínioiueecH qacTbio Uab> -tt aeT oTpHuaTejibHyio npo- 



Owr, IV, 50. flnarpaMMa HMnenaHCOB h peaKTaHCOB na 
33VKHM3X OMMéTpOB, BKJIIOqeHHbIX Ha pa3HOCTb JIHHeHHWX 
TOKOB H JIHHe0Hbie HanpHHCeHHH, npH HeCHMMeTpHqHOM 3a- 
MbiKa^iHH Meacay TpeMH ^asaMH corjiacHO $nr. IV, 48. 

eKUHK) Ha ocb MHHMbix BejiHqHH, nepneH^HKyjiHpHyio K 
b P^3yjibTaTe 3aMep, nponopunoHajibHbifi cyMMe 
npoeKU,H0 naAeHH0 HanpHHceHHH, yMeHbuiaeTCH. 

4. 4>a3a, Ha KOTopyio npoH3ouuio nepeKpHTHe (B) t 
HMeeT npeyBejiHqeHHHH 3aMep peaKTaHca. 3 to o6T>íicHHeTCfl 

Tew, hto Iq onepencaeT 1 B — Iq h nosTOMy na^eHne Han- 
pnnceHHH b jtyre, paBHoe — Íc a Rc, HBjíniomeecH qacTbio 
Ů B q> ^aeT nojioHCHTejibHyio cjiaraiomyio Ha ocb mhhmwx 

BejiHqHH, nepileHjiHKyjiHpHyio k I b — Iq\ b pe3yjibTaTe 3a- 
Mep yBeJinqHBaeTCH# 

5. <I>a3a oTCTaiomaH (C) no oTHomeHHio k toh. Ha ko- 
TOpo0 npoH3omjio nepeKpbiTHe (B ), mohcct aaBaTb npey- 
MeHbmeHHue h npeyBejinqeHHbie 33Mepu. K peae 4>a3bi C 

noflBOflHTCH Iq — I A h U q A * rianeHHe HanpHHceHHH BMiyre, 
HBjíniomeecH cJiaraeMbiMOCTaToqHoroHanpHHceHHH Uq A , paBHo 

Ú d = /’c- Rc — i A - r a- Ecjih r a — Rc. TO Ú d =0c — i a) Ra . 

Ero npoeKUHH Ha ocb peaKTaHCOB, nepneH^HKyjiHpHyio 

k Iq — I At paBHa Hyjiio. TaKHM oópa30M b stom cjiyqae 
conpoTHBJíeHHe nyr Ha 3aMep He bjihhct. Ecjih R a <Rc 
(paccqHTaHHHH cJiyqafi), no aHajiornqHbíM cooópanceHHHM 
3 aMep noJiyqaeTca npeyMeHbuieHHbíM, ecjin Ra > Rq , 
to npeyBejiHqeHHUM. 


OMMeTpu Tpex <})a3 3amHTU oóbiqHO BKaioqaioTCH ná- 
paaaeabHo. íloaTOMy peaKTaHCHaa 3amHTa b ijeaoM, npucoe: 
^HneHHaa no ayqmeH H3 cymecTByiomHX cxeM (Ha pa3HOCTb 
TOKOB H JIHHeHHbie HanpHHCeHHH) npH Tpex4>a3HWX HeCHM- 
MeTpnqHbix 3aMbiKaHHflx aaeT npeyMeHbuieHHue 3aMepu. 
HecKOjibKO jiyqiiiHe pe3yabTaTbi c paccMaTpHBaeMOH xoqKH 
3peHH« aaeT "cxeMa BKaioqeHHH Ha AHHefiHbie ^tokh h an- 
HeHHbie HanpínKeHHH. OaHaKO BBHay ee He^ocTaioqHO 
xopouien paóoTbi b Apyrnx cayqaax (cm., HanpHMep, hhhcc 
aHaaH3 b^hhhhh Ha Hee tokob Harpy3KH) oHa oóuqHO 
Aaa peaKTaHCnwx 3aiUHT He npHM chh eTCH. 

Rnn y-iyqmeHHa paóoibi peaKTaHCHbix 3amnT mohcho, 
HanpHMep, Hcnoab30BaTb uHKanqecKHe óaokhpobkh [JI. 5], 
CBíI3blBaK)IUHe Ha nOCTOHHHOM TOKe OMMeTpu nonapHO. ripH 
3T0M 3amHTa MOHCeT fleHCTBOBaTb TOJIbKO C BpeMeHeM, co- 



IV, 51. CxeMa ahhhh npH AByx$a3HOM 3aMbiKaHHH na 

3eMJIK). 

OTBeTCTByKHIXHM ÓOJIbUieMy H3 AByX MeHbUIHX 3aMepOB, T. e. 
cooTBeTCTByiomHM cpe^HeMy H3 3aMepoB, O^HaKo Haao npn- 
HHTb bo BHHMaHHe noayqaiomeecH npn stom ycaoxcHeHHe 
cxeM 3amHT h oicyícTBHe CTaTHCTnqecKHx aaHHux, noa- 
TuepHcaaiomHX aociaTóqHyio BepoHTHOCTb onacHbix hcchm- 
MeTpnqHUX noBpencueHHH. B cbh3h c sthm UHKanqecKHe 
^aoKHpoBKH b HacToamee BpeMH, HMea b BKay TeHaeHUHH 
k ynpomeHHK) cxeM, k npHMeHeHHio He MoryT óuTb pexo- 
MeHAOBaHbi. 

BjiHHHHe nepexoAHbix conpOTHBaeHHft npn AByx$a3- 
Hbix 3aMbiKaHHflX Ha 3eMJiK> Ha 3aMepbi peaKTaHQHbix 
OMMeTpos. CooTHomeHHH Meacay R n npH AByx<I>a3Hux 3 a- 
MbixaHHHX Ha 3eMaio MoryT 6utb BecbMa pa3Hoo6pa3HU 
(cm. rji. I, §7). Hnxce paccMaTpnBaeTCH ajih npocTOTu cayqaň 
HenocpeflCTBeHHoro nepexpuTHH Ha 3eMjno <j>a3 B n C qepeš 
owjibHue ayni R B h R c (4>nr. IV,51). 

npn HCn 0 JIb 30 B 3 HHH OMMeTpOB, npHCOeflHHeHHUX no 
cxeMe c tokoboíí KOMneHcanneH, k peae $a 3 U B npABO- 

ahtch l B -f- kl 0 h U B% icpeae 4>a3u C cooTBeTCTBeHHo /c + 
+ k/ Q h OTCTaeT ot I B h onepexcaeT Iq ((jwr. 1,16). 

TaKHM o6pa30M tok b ayre <j*a 3 u B — I b onepexcaeT tok b 
peae l B ■+- kl 0t tok b ayre <j>a3u C — Iq OTCTaeT ot TOKa b 

peae ?c+ &/<)• B pe3y^bTaTe aaa peae $a3u B na^ernie 
HanpHxceHHH b ayre BU3UBaeT npeyBeanqeHHe peaKTaHca 
h aah peae <|>a3u C npeyMeHbmeHHe. ílpH npoqnx paBHbix 
ycaoBHíix oiuhókh b 3aMepax yBeaHqHBaioTCH c B03pacTa- 
HneM I 0 . 

npn npHMeHeHHH OMMeTpos, BKaioqeHHbix Ha pa3H0CTb 
aHHeHHux tokob h aHHeHHue HanpflHteHHH, k peae <j>a 3 u B 

noABOAHTCH / B — Iq h U bc . naaenHe HanpHaceHHH b ayrax 
I B Rb~JcRc> npeacTaBaaiomee caaraiomyio ocTaioqHoro 
HanpaxceHHH U BC , coBnaaaeT c l B — Iq ToabKO npH paBeH- 
CTBe ayr. B stom cayqae-«x conpOTHBaeHHe He BanaeT Ha 
3aMep. ÍlpH HepaBeHCTBe ayr 3aMep noayqaeTCH npeyBe- 
awqeHHbíM hjih npeyMeHbuieHHUM b 3aBncnMOCTH ot coot- 
HOUieHHfl hx BeanqHH. 


BcéCTopOHHHS aHaaH3 [JÍ. 5j rioka3biBaéT, qio HČKa>ké- 
hhh b saMepax Me>Kay4»a3Horo KOMnaeKTa OMMeTpOB noay- 
qaFOTCH b oóiueM BecbMa 3HaqHTeabHbiMH. riosToMy oóhhho 
npn flByx<|)a3Hbix 3aMbiKaHHnx Ha 3eMaio ocTaBanioT b paóoie 
ToabKO KOMnaeKT, BKaioqeHHbiH no cxeMe c tokoboS kom- 
neHcauneH, aeHCTByiomHH h npH oaHO$a3HUx 3aMUKaHnax 
Ha 3eMaio. Jlaa yayqmeHHa ero paóoTbi bo3mohcho npnMe- 
HeHHe, KaK h aaa Tpex4>a3Hbix 3aMbiKaHHň, óaoKHpoBOK, 
aaioiuHx B03MOM{HOČTb saiuHie aeHCTBOBaTb c BuaepacKoň 
BpeMeHH, cooTBeTCTByiomeH óoabineMy H3 3aMepOB. OaHaKO 
9th ycTpOHCTBa, ycaoHCHHioLUHe cxeMy, b HacToamee BpeMH 
He npHMeriaiOTca. 

BanHHHe tokob Harpy3KH Ha 3aMepbi OMMeTpOB. 
BanHHHe tokob Harpy3KH paccMaTpnBaeTCH na npMuepe 
3aMUKaHH9 Mexcjiy AsyMfl (J)a3aMH B h C ($Hr. IV, 52), 



Omt. IV, 52. CxeMa HarpyaceHHOH aHHHH c oaHOCTOpoiiHHM 
nHtaHHeM npn 3aMUKaHHH Meacay ABy mh (J)a3aMH. 


Kax caeayeT H3 h 1,7, noaHbie tokh b 

noBpeacaeHHUx $a3ax B h C b MecTe ycTaHOBKH 3aiHHTu 
(Toqxe G) 0Ka3UBai0TC« 3a cqeT tokob Harpy3KH I H He paB- 
HbiMH no BeanqHHe h CABHHyTbiMH apyr oTHOCHTeabHO apyra 
na yroa, MeHbuiHH 380°. 

HMneaaHCHue OMMeTpu, npucoeAHHeHHbie Ha aHHeHHue 
tokh h aHHeHHue HanpflHteHHfl, 3aMepqior b paccMaipHBa- 
eMOM cayqae caeayjoiuee conpOTHBaeHHe: 


UbCG _ *BK*VbK + IbhÍ CK^~ l CH&i 1 

1 I BG f BK + ! BH 


= lBK '^ n ^ Íbk IjSH 
v l BK + J BH 

BupaaceHne (IV,43) noKa3biBaeT, hto Z p aaace npn 
R n = 0 h I BH = Z c// 3aBHCHT He ToabKO ct AHCTaHHHH L Sto 
oóbHCHaeTcn TeM, qio Ha BeanqHHe U BC tokh I bh h I cjí 
He cKa3bíBaK)Tca; jřOK ace, noaBOAHMuíi k peae I B = 

33BHCHT OT BeaHqHHU I Bfí . 

McKaaceHHe b 3aMepax noayqaioT Ta Knce h peaKTaHCHbie 
-OMMeTpu. 

3aMep conpOTHBaeHHH HMneaaHCHUMH oMMeipaMH, BKaio- 
qeHHUMH Ha pa3H0CTb aHHeňHbix tokob h aHHeHHue Hanpn- 
HceHHa, onpeAeaaioTCfl caeayiou;HM o6pa30M: 


Z U BC _ l B K-Rn+VB-lc)Zyl _ 

P >*->C 4-/C 

/ •/? 

=Z 1 l + .... BK a . (IV,44) 

t B~ 1 C t 

B stom cayqae npn R n — 0 HMneaaHCHuft oMMeTp ^aeT 
npaBHabHuň 3aMep BHe 3aBHCHM0CTH ot BeanqHH h 4>a3 

Harpy3oqHbix caaraiou^nx b I q h / noBpexcaeHHUx $^3. 
OóycaoBAHBaeTCí* sto TeM, qTO k peae hoaboabtcji tok 
lB * caaraiomne KOToporo onpeaeaHFOT HanpHHceHHe Ha 

ero 3a)KHMaXé PeaKTaHCHue OMMeTpu aaioT npn R n =0 TaKie 
npaBHabHuň 3aMep. lípu R m £ 0 3a cqer HecoBnaAeHHfl no 
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4>a3e tokob b ayre h tokob, hoaboahmmx k pejie, b 3aMepe 
noJiyqaioTCH HCKaaceHHH. 

H 3 H3^0HceHHoro CAeAyeT, qTO cxeMa BKAioqeHHfl Ha 
pa3HOCTb JIHHeHHblX TOKOB H AHHeKHbie HanpHHCeHHfl B 
3HaqHTejibH0 Menbiiieň Mepe no^Bep^eHa bahhhhhm, qeM 
cxeMbi c BKJHoqeHwe.M HajiHHefiHbiH tok. CxeMa c BKAioqeHHeM, 
Ha pa3HOCTb tokob oóeciiequBaeT Tao<e OAHHaKOEbití 3aMep 
npH Bcex MeHc.ny<j)a3Hbix MeT3AAHqecKHX3aMbiKdHH$ix. riosTOMy 
OHa uiHpoKO npHMeHHeTCH aah 3amHT ceTeň HanpAHceHHeM 
110 kv H BblHie, B KOTOpHX TOKH nOBpeHCAeHHH MOryT ÓbITb 
COH3MepHMbl C MaKCHMaJIbHblMH Harpy30qHMMH TOKaMH. 

ripH MeTaJIJIHqeCKHX KOpOTKHX 38MMK3HHHX MeHCAy 
TpeMH 4 )a3aMH tokh Harpy3KH b nOBpeacAeHHOH jihhhh ot- 
cyTCTByioT h Ha 3aMepax aioómx cxeM 
CK33bIBaTbCH He MOryT. Ha OMMeTpM, 
BKJiioqeHHbie Ha y 
4>a3Hbie Hanpa- 
aceHHH H JlHHeň- 




Onr. IV,53. 3aMep co- 

npoTHBJíeHHÍi oMMeTpa- 
MH B CeTH CAOHCHOH 
KOH^HrypauHH. 


d>Hr. IV,54. 3aMep conpoTHBJíeHHft om- 
MeipaMH, ycTaHOBjíeHHbíMH Ha, yqacTKe, 
cmokhom c AeyMH napaAAeAbHMMH ah- 
HHHMH. 


Hbie tokh, hah no cxeMe c tokoboS KOMneHcauneH, npH 
MeTajijiHqecKHx 3aMbiKaHHAx Ha 3eMAio tokh Harpy3KH TaKxte 
He BAHHIOT. 3tO OÓTsHCHHeTCJí TeM, qTO OCTaTOqHbie (|)a3HMe 
HanpHHceHHfl onpeAeAHioTCfl nojiHbíMH tokámh noBpeHcaeHHbix 
(})a3. ripn 3aMbiK3HHHx qepe3 R n Ha 3aMepM Bcex nepeqno 
jieHHbix cxeM KaK c HMneAaHCHbíMH, TaK h c peaKiaHCHbíMH 
OMMeTpaMH TOKH Harpy3KH HaqHH3K)T BAHHTb. 

OlUHÓKH B 3aMepaX peaKTaHCHbIX OMMeTpOB, K KOTO- 
pblM nOABOAflTCSl HanpflOKeHHfl, OTJIHHHbie OT Hanpsi- 
jkchhsi neTJiH KopoTKoro 3aMbiKaHH$i. B pHAe cjiyqaeB 
npH B03HHKH0BeHHH nOBpe)KA6HHÍ! AeHCTByiOT nycKOBbie 
opraHbí, a CAeAOBaTeAbHO, h npHBOAHMNe hmh b paóoTy 
OMMeTpu HecKOJibKHx (J)a3. Tax, HanpHMep, npw 3aMbiKa- 
hhhx MencAy AByMH 4>a3aMH MOryT paóoTaTb nycKOBbie 
opraHbí h OMMeTpbi očenx noBpeHCAeHHbix 4 )a3 * npH oaho- 
$a 3 HMx 3aMMKanHHX Ha 3eMJiio cpačaTMBaeT nycKOBOH 
opraH h OMMeTp He TOJibKO oahoh noBpeHCAeHHOÍi cjjaBbi; mo- 
ryT TaKHce noAencTBOBaTb 3aujHTM HenoBpeacAeHHbix cj)a3. 
9to 6 yAeT b tom cayqae, ecjin noAefíCTByioT hx nyc¬ 
KOBbie opraHM 3a cqeT, HanpHMep, yBeanqeHHH nHTaio- 
mnx hx tokob, očycjioBJíeHHbix noHBJíeHHeM tokob Hyae- 
boh nocjieAOBaTeabHocTH. Bo3mo>kho TaKH<e AefiCTBHe 
OMMeTpOB, npeAH33HaqeHHb!x aah 3aMepa conpoTHBJíeHHH 
npH aaMMKaHHHx MOKAy 4>a3aMH (npH HajinqHH b cxeMe ot- 
AeJIbHMX KOMnJieKTOB OMMeTpOB OT 3aMMKaHHft MeHCAy 4> a3a MH 
H 3aMbIK3HHH Ha 3eMAK)). ^ 

OMMeTpM HMneAaHCHoro h peaKTaHCHoro THnOB BeAyT 
ceča b paccMBTpHBaeMOM cayqae no-pa3HOMy. MMneAaHCHMÍi 
OMMeTp, BKaioqeHHMH Ha ocraioqHoe HanpflaceHHe neTAH 
KopoTKoro 3aMbiKaHH5r, oóecneqHBaeT hcoóxoahmmh npa- 
BHAbHMH 3aMep. flpyrae noACHCTBOBaBuiHe OMMeTpM 3 a- 
MepaioT očbiqHO npeyBeaHqeHHbie conpoTHBAeHHH h nosTOMy 
BM3B3Tb HenpaBHAbHoro AeňCTBHH 3amHTbi He MOryT. HaaHqne 
Ha ApyrHx OMMeTpax npeyBejmqeHHbix 3aMepoB o6t>hc- 
HHeTCH TeM, qTO K HHM nOABOAHTCH HanpHHCeHHH, KaK npaBHAO, 
čoabuiHe HanpHHceHHH neiaH KopoTKoro 3aMMKaHHa; tokh 
Hce, nHTaiomHe hx, oÓMqHO He npeBocxoAHT tokob b npa- 
bhabho paóoTaíomeM OMMeTpe. MeHee óaa^onpHíiTHO oóctoht 
Aeao c paóoTOH peaKTaHCHbix OMMeTpOB. Ytam CABHra MencAy 
^TOKaMH H OCTaTOqHMMH HdnpHHCeHMHMH, He HMH OÓyCJIOBJíeH- 
hmmh, b oómeM cayqae HMeioT npoH3BoabHbie 3HaqeHHH. 
nosTOMy MoaceT OKa3aTbCH, qTO npn Maabix yraax CABHra 
OMMeTpM, K KOTOpblM nOABOAHTCH yKa3aHHMe HanpHHCeHHH 
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h tokh, 6yAYT 3aMepHTb peaKTaHCM, MeHbuiHe pacqeTHbix, 
MeHbmne, qeM Ha npaBHAbHO paóoTaiomeM OMMeTpe noBpe>K- 
AeHHOň (})a3bl. B CBH3H C H3AOHCeHHblM B CXeMaX peaKTaHCHMX 
3auiHT npHMeHHiOTCfl caeAyíomHe óaokhpobkh. IlpH 3aMbiKa- 
hhhx Ha 3eMAio ot pejie, pearHpyiomero Ha / 0 , aBioMaTHqecKP? 

BblBOAHTCH H3 ACHCTBHH OMMeTpbl, pearHpyÍOIUHe íia 3aMbI- 
K3HHÍI Me>KAy 4>a3aMH. ripH 38MbIKaHH51X MeiKAy AByM^l 
4>a3aMH ocTaBJíaeTCH b pačoie TOAbKO OMMeTp onepe>Ka 10ujetí 
4>a3bi, k KOTOpOMy noABOAHTca ocTaToqHoe Hanp^nKeHHe 
neTAH KOpOTKOrO 3aMMKaHHH (HeOÓXOAHMOCTb B nOCAeAHetí 
ÓAOKHpoBKe SKcnAoaTauHefi He noATBepncAeHa h ei, KaK 
npaBHAo, He ocymecTBAHioT). 

HeOÓXOAHMO TaKHCe OTMeTHTb, qTO OMMeTpM peaKTaHC- 
hmx 3aujHT MoryT AaBaTb HCKaAceHHbie (b qacTHocTH npey~ 
MeHbmeHHMe) 3aMepM npH 3aMbiKaHHax MencAy AByMH 4>a3aMK 
Ha CTopoHax BTOpHqHoro HanpHHceHHH 
TpaHC4)OpMaTOpOB, HMeiOIUHX COeAHHe- 
HHe OÓMOTOK Y[JI. 6], 

BjiHJiHHe Ha 3aMepu om- 
MeTpOB KOH(J)HrypaUHH H KOM- 
MyTauHH ceTH. PaccMaTpHBaB- 
mHeca Bbinie cooTHouieHHH npn 
3aMepax conpOTHB^eHHň 6un h 
B biBeAeHbí AJia 3amnT, ycTaHO- 
BJiCHHbix HenocpeacTBeHHO Ha 
noBpeacaeHHOM ynacTKe, hjih 
AJin 3amHT cmokhhx yqacTKOB 
ceTH paaHajibHoň KOH<|)Hrypa- 
hctohhhkh nHTaHHH TOJibKO no 
B ceTHX KOJibuoBaHHbix, c na¬ 
pa ji jiejibHbíMH jihhhsmh, a TaKHce pan.HajibHux, 
HMeiomax hctohhhkh nHTaHHH TaiOKe Ha npoMe- 
HíyTOHHblX nOACTaHUHHX, 3aMepbI OMMeTpOB, 
ycTaHOBJíeHHux Ha HenoBpe>KAeHHbix ynacTKax, 
nojiyqaioT aonojiHHTejibHbie HCKaaceHHH. 

Ha ijmr. IV, 53 npeacTaBJíeHa nacTb cjiohíhoR 
ceTH, Ha yqacTKe DC KOTopoň npoH3om^o no- 
BpeacAeHHe Ha pacCTOHHHH l ot ihhh D. Tok 

noBpeacaeHHH Í D =I E -\- If. A^ihhh ynacTKOB ED 
h FD cooŤBeTCTBeHHO paBHbí l E h If. HnínejaHC 
yCTaHOBjíeHHoro, HanpHMep, Ha no^CTaHUHH E 
pejie 

^ _ Ůe _ 0e + /?=■) Z\1-¥ Ie'Z\Ie _ 

pE ~T~ 5 ; 

-2 1 (/ + / £ ) + 4£.Z 1 /. (IV, 45) 

l E 

TaKHM oópa30M conpoTHBJíeHHe Ha ynacTKe, 
CMeacHOM c noBpeJKAeHHbíM, 0Ka3biBaeTCH Henpo- 
nopuHOHajibHbíM AHCTaHUHH l-\-l E ao MecTa no- 
BpeacACHHH. Oho 33bhcht em,e ot OTHomeHHH 


Uhh, HMeiomeň 
CBOHM KOHUaM. 


If h /, 

HOMy ynaCTKy 

ip 


K 


DC. OÓblHHO 


noBpeacAeH- 

AOĎaBOHHblH 


HJieH —■ • Z t l HMeeT nojioacHTejibHoe 3HaneHHe, 
h 

yBejiHMHBan conpoTHBJíeHHe na 3aacHMax pejie. 
npn 9tom cejieKTHBHOCTb AefteTBHH 3auiHTbi no- 
BpeacAeHHoro yqacTKa no OTHomeHHio KCMeacHOMy 
He HapyinaeTCH. B HeKOTOpbix cjiyqaax AonoAHH- 
TejibHbiň qjieH HMeeT oTpnHaTejibHyio BejiHHHHy, 



yMeHbraaa conpoTHiwieHHe Ha 3a»cHMax. 9 to mo- 
*eT npoH30flTH, HanpHMep, npH conpsmeHHH 
OflHHOHHOft jihhhh c AByMH napa^Jie^bHblMH, Ha 
OAHOň H3 KOTOpHX np0H30UI./I0 nOBpOKfleHHe 

(ijwr. IV, 54). B 9Tom cnyqae Id~^e — 
n °9 T °My ^ Q r _, F ) Ztl+ i EZltE 
^PE~ T e 

=Z 1 (l + l E )-lf-.Z 1 l. 

Ie 

npa noBpeacAeHHH y uihh noACTaHUHH C: /z>= 

== Ip — 0,5/ E h z pE = z l (l E -f-0,5 /dc) . TaKoe chh- 
aceHHe conpoTHB^eHHa Ha 3a- 

XCHMaX pe^e MOHCeT npHBOAHTb ^' 

k HecejieKTHBHOMy AeňCTBHio 
3amHf CMejKHbix yqaCTKOB. 

MTOĎbi H36eacaTb 9Toro, Heoó- 
XOAHMO COOTBeTCTByroUíHM OÓ- 
pa30M noAoópaTb xapaKTěpn- 
CTHKH BHAepXCeK BpeMeHH 3a- 
mHT. npH 9TOM AJIH Tex H3 
hhx, KOTopue pearapyioT Ha 
3aMHKaHHH Ha 36 m^iio, cneAyeT 
yqHTbiBaTb conpoTHBJíeHHe B3a- 

HMOHHAyKUHH napa./i./ie./ibHbix ueneň. 

BjiHaHHe Ha pa6oTy OMMeTpos oiuh6ok hs- 
MepHTejibHbix TpaHCtpopMaTOpOB TOKa h Hanpa- 
HceHHa. OMMeTpw BK^iroqaioTCH Ha 3amHmaeMue 
jihhhh aepe3 H3MepHTe;ibHbie TpaHc<J>opMaTopbi 
TOKa H HanpHHCeHHH, KOTOpbie HMeiOT COOTBeT- 
CTByiomHe oihhókh b n m , n H h yiviax. H3MepH- 
TeabHbie TpaHC<|>opMaTopbi HanpaaceHna npa Hop- 
MaabHOň hx 3arpy3Ke oduqHO odecneqHBaioT 
TOHHOCTb, AOCTaTOHHyiO A./IH paÓOTbl AHCTaHHHOH- 
Hbix 33IHHT. npH 9TOM HCOĎXOAHMO OÓpamaTb 
BHHM.aHHe Ha TOHHOCTb HX AeňCTBHH He TOJIbKO 


aBTOMaTHaecKH oóecneHHBaioT AonycTHMbie ouih6- 
kh h no yrny. 

Ocoóbie TpeóoBaHHa k TpaHCífopMaTOpaM TOKa npejn>HB~ 
jiíhot cxeMbi ^HCTaHUHOHHOH 3 amHTbi, BKJimaiomHe pejie 
TOKa, pearnpytomHe Ha / 0 . 3 to pejie npeAHa3Haq<ieTCH jíjie 
nepeKJiioqeHHH ueneň HaupsnxeHHH h Tona c.MMeTpoB, Hcriojib- 
3yeMbix o^HOBpeMeHHO ajih Me>KAy(|>a3Hbix 3aMbiKaHnň h 3a- 
MbiKaHHfi Ha 3 eMJiio (HanpHMep, $nr. IV, 25 , IV, 32 ) hjih ajir 
BbiBe^eHHH MeaciiycJ)a3Horo xoMnjiexTa npH 3aMbiKanHax h& 
3 eMJiio. Ecjih Taxoe pejie noa bjihhhhcm i H $ noAeňcTByer 
npH Me»cfly4)a3HOM 3aMbiKaHHH Ha 3amHmaeMOM yqacTKe,, 
MeHCAy4>a3Han 3amHTa oxa>xeTCH BbiBe^eHHoň, a 3aiuHTa ot 
3 aMbiKaHHH Ha 3eMJiio óy^eT paóoTaTb coBepmeHHO Henpa- 
BHjibHo* riosTOMy i pm HyjieBoro nepeKJiioqaTeabHoro pejie to- 
Ka HOpMaJIbHOň KOHCTpyKUHH HeOÓXOflHMO BUÓHpaTb ÓOablHHyi 
MaKCHMaabHOrO B03M0>KH0r0 iftfí npH KOpOTKOM 3aMblKaHH^ 





<í>Hr. IV,55. npHHUHn paóoTbi pejie 
HyjieBoro TOKa c topmo3h.mm achct- 
BHeM. 



■h mru 


<í>Hr. IV,56. CpaBHeHHe qyBCTBHTejibHOcm 
peae HyjieBoro TOKa HopMajibHOň KOHCTpyK- 
U.HH H C TOpMP3HHM JieHCTBHeMJ 3aUITpHXO- 
BaHHaa Ha jiHarpaMMe njioma^b xapaKTepn- 
3yeT BblHTpbim B qyBCTBHTCJlbHOCTH npH 

npHMeHeHHH peae c T0pM03HUM aeňcTBHeM.. 


npH HOMHHaJIbHOM HanpHHCeHHH, HO TBKHCe H npH 
ero CHnbHUX noHHHceHHax. nocjieaHHft cnynaň 
HBJíHeTCH, oqeBHAHO, Hančo^ee BepoaTHbíM npa 
padoTe 3aui,HT. C^oxcHee b pane cjiyqaeB oóctoht 
A eno c TpaHC<i)opMaTopaMH TOKa. ^HCTaHnHOHHaa 
3am«Ta npHMeHaeTCH npeHMymecTBeHHo b ccthx 
H anpaaceHHeM 35 kV h Bbiuie. B hhx no bkoho- 

MHH6CKHM COOdpaHCeHHBM CTpCMHTCH HCnOAb30- 
BaTb TpaHC^opMaTopu TOKa, BCTpoeHHue bo BTy^i- 
kh BMK^ioqaTeAeň. 3th TpaHC^opMaTopu TOKa, 
ocodeHHO npa Ma^ux n m , qacTO oó^ianaioT Toq- 
HOCTbK), HeAOCTaTOqHOfl AHCTaHHHOHHbIX 3a- 

mHT. ripHHHTO, qTO OUIHÓKH íl m TpaHC(J)OpMaTO- 
pOB TOKa B B03M0JKH0M AHana30He H3MeHeHHň 
TOKOB npH KOpOTKOM 33MbIKaHHH B KOHH6 COOT- 
BeTCTByiomeřt 30Hbi He ao^thíhm npeBocxOAHTb 
npHMepHO 10%. noaTOMy Bbidop TpaHC^opMaTO- 
pOB TOKa peKOMeHAyeTCH npOH3BOAHTb, nOAb3y- 

acb TaK Ha3biBaeMUM 10% kphbumh (cm. rn. II, 
§ 12). OrandKH b yiviax HMeioi 4 3 HaqeHHe npeHMy- 
mecTBeHHo a^ih peaKTaHCHbix ommctpob. TpaHC- 
4>opMaropbi TOKa, BbiópaHHbie no 10% kphbum. 


MeHcay $a3aMH y MecTa ycT bhobkh 3amHTM, conpOBOiKAaiome- 
rocH tokom l K max . Taxoň Bwóop i p%m npH HeToqHbix, čwcTpo 
HacbímaiomHXCH TpaHcýopMaTopax Toxa MOHceT He^onycTHMO 
3arpyóHTb samHTy. B Taxnx cayqaax npHxo^HTca htth Ha 
npHMeHeHHe hjih 6o;iee ToqHbix TpaHC<|>opMaTopOB hjih cne-** 
UHajibHUx pejie Toxa c T0pM03HbiM jieňcTBHeM. Taxne pejie 
CTpOHTCH C HCn0JIb30B3HHeM, HanpHMep, KOpOMMCJIOBblX CH- 
CTew, nojioÓHbix npHMeHHeMbiM ajih opraHOB BbiAepMCKH Bpe¬ 
MeHH ($nr. IV, 55). Ojihh 3 JiexTpoMarHHT HaxoflHTCfl noa 
B03flefiCTBHeM 3/ 0 , BTOpOH nOA B03AeňCTBHeM pa3HOCTH TOKOR 
AByx xaxHx-jiHčo $a3 (HanpHMep, h íq ). npHMeHeHHe 
TopMOHceHHH ot AByx <j)a 3 oóecneqHBaeT ero npn Bcex AByx- 
4)a3Hhix 3dMbixaHHHX. Mhcjio bhtxob paóoqeň OÓMOTXH, HH- 
TaeMoň tokom 3/ 0 , BMÓHpaeTCH čojibuie qncjia bhtkob Top- 
M03H0H OÓMOTKH. B pe3yjIbTaTe npH MeHCAy$ a3HbiX 3aMbIKa- 
hhhx aBTOMaTHqecxH yBejinqHBaeTCH ($Hr:IV, 56), oc- 
TaBancb npH jnoóbix 3HaqeHHnx nepBHqHbix tokob óojibine,. 
qeM i H fr ripn 3aMUxaHHHx Ha 3eMJix> aMnepBHTKH paóoqeft 
oómotkh, no xoTOpoň'HaqHHaeT npoTeKaTb 3/ 0 . joKa 3 biBaioTCH 
óojibuie TopM03Hbix aMnep bhtkob, h pe.ne AeňcTByeT. Kax. 
CJie^yeT H3 AHarpaMMbr, T0pM03Haa oÓMOTna AaeT bo3mohí- 
HOCTb SHaqnTejibHO noBbiCHTb qyBCTBHTejibHOCTb pejie np« 
Majiux Toxax 3aMbixaHHíi Ha 3eMjno no cpaBHeHHio co CJiy- 
qaeM npHMeHeHHH HopMajibHoro pejie c i p%m ^> i H ó tnax- n °‘ 
STOMy Taxne pejie aojihchm noáyqHTb uiHpoxoe pacnpocTpa- 
HeHH e AJIH AHCTaiIUHOHHblX H HeKOTOpUX ApyrHX 3amHT. 
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^eoóxoflHMo Taiotfe oTMeTHTb, mto ohh iío cyuiectBy npeji- 
cTaBJíínoT pejie c topmo3hhmh xaTymxaMH, npHMeHíieMWMH 
® cxeMax ,nH$epeH 4 Ha^bHbix 3aiuHT (cm. ra. V). 

11. ^HKCAUHSI MFHOBEHHOFO 3AMEPA COI1POTHB- 
JIEHHH OMMETPAMM 

BojibiiiHHCTBo HaHÓojiee cymecTBeiiHbix ouihóok b 3aMe- 
pax conpOTHBjíeHHH peaKTaHCHbíMH h b ocoóeHHOCTH HMne- 
^aHCHblMH OMMeTpaMH B COOTBeTCTBHH C AaHHblMH npeAbl^y- 

mero naparpa(})a BHSbiBaeTCH HajiHqHeM R n . Oahoh H 3 ochob- 
(Hbix, a BHor^a h cahhctbchhoh cjiara lomen R n np h MeacAy- 

<|)a3Hb!X 33MbIK3HHHX HBJIH6TCH aKTHBHOC COnpOTHBJíeHHe 
soxbTOBofi ayrH. R$ opaeHTHpoBOqHo onpeaejiHeTca no <j>op- 
myae (r ji. I, § 5): 

„ (2 000-s- 2500)/, 

- / f 

B HaqajibHHH momcht noBpencAeHHH Ayra HMeeT mhhh- 
aíajibnoe conpoTHBjíeHHe, Tax Kax ee ajihhb L oTHOCHTejibHO 

HenejiHxa, a l a Hiieer 
HaMóojibinee 3HaqeHHe. 
Kax noKa3biBaioT sxcrie- 
pHMeHTU ($Hr. 1,10), co- 
npOTHBJíeHne ayrn Haqn- 
HaeT 33MeTHO B03paCTaTb 
TOJibKO qepe3 BpeMH ot 
Haqajia bo3hhkhob6hhh 
KO pOTKOrO 3aMMKaHHH, 
paBiioe npHMepHO 0,1 — 
0,15 cex. flosTOMy Ha 3 a- 
mnTbi, AOHCTBy lomné c 

MCHblHHM Bp6M6H6M, BJIHH- 
HHe Ayrn aojihcho óbiTb 
OTHOCHTeJIbHO HeÓOJIb- 
ihhm. Oah3ko BpeMH pa- 
ÓOTU AHCTaHUHOHHbIX 3a- 
iuht Aa»ce co dyneHqa- 
TbIMH XapaKTepHCTHKaMH 
cocTaBJíneT b nepBOH 30He ti ^ 0,15 -v- 0,3 cex. h bo BTOpoií 
30He t 2 = 1 -5- 1,2 cex. TaxHM o6pa30M B03pacTaioiuee R# 
MOHceT CKa3bJBaTbCH Ha paóoTe He Tojibxo btopoh, hó HHoraa 
h nepBOH CTyneHH 3aiUHT. B cbh3h c sthm čbiJio npeaaoHceHO 
[JI. 7] ocymecTBAHTb (j)HKcauHío m rHOBCHHoro 3 aMepa conpo- 
THBJíeHHH, noHBjíqioiuHxcH Ha 3ax£HMax pene b HaqajibHbiH 
MOMeHT noBpencAtHHH, HCKjiioqaH sthm bjihhhhc Ha paóoTy 
OMMeTpoB B03pacTaioiixHx no BpeMeHH conpoTHBaeHHH Ayr. 

npHHuHnuajibHaq cxeMa Taxoro ycrponcTBa ajih OMMeTpa 
BTopoíi 30Hbi noxa3aHa Ha 4>Hr. IV, 57. řípu bo 3 hhkhob 6 hhh 
noBpexcAeHHH AeňCTByioT, 3aMbixan KOHTaxTH, nycxoBoň op- 
raH / h OMMeTp 2 . Mepe3 hhx noaaeTCH -f- Ha npOMeixy- 
ToqHoe peae 3, KOTOpoe npH stom cpaóaTWBaeT. ŠaMbixan 
cbo8 hhhíhhh KOHiaKT, OHO noAaeT -f- Ha cboio oÓMOTxy He- 
nocpeacTBeHHO ot nycxoBoro opraHa, MHHya KOHTaKTbi OM¬ 
MeTpa. rioaTOMy, ecjiH nocaeAHHe b npouecce aghctbhh 3 a- 
IUHTW nOA BJIHHHHeM B03p0CUler0 COnpOTHBAeHHH AyrH pa- 
3QMKHyTCH, 3TO He CKaHCeTCfl Ha paÓOTe 3atUHTbI B UeJIOM. 
C BbiAep>KKOH BpeMeHH BTopofí CTyneHH cpaéoTaeT peae 
BpeMeHH 4 h qepe3 BepxHHH, 3aMKHyBuiHHCH KOHTa kt pejie 3 
noAacT HMnyjibc Ha nenb OTKAioqeHHH. Chhthc nociOHHHoro 
Toxa c peae 3 h B03BpaT ero b HcxoAHoe noaonceHHe npo- 
HCXOAHT TOJIbKO npH pa3MblKaHHH KOHTaKTOB nyCKOBOTO 
opraHa. OcymecTBAeHHe 4>HKcauHH MrHOBeHHoro 3 aMepa hb- 
jineTCH MeponpHHTneM, npHHUHnnajibHO 6e3ycA0BH0 ue^e- 
coo6pa3HbiM. OAHaxo npaKTHqecKoe ocymecTBAeHHe mtho- 
BeHHoro 3aMepa aah BTopux 30H 3amHTu (rAe oh MonceT 
OKa3aTbCH HaHÓOAee 3^(J)eKTHBHbIM) AOnyCTHMO TOJIbKO b ce- 
thx paAHaJibHbix hah npocTeftuiHx KOAbueBux. B ceTHx óojiee 
caohchoh KOH^nrypauHH ero HajinqHe npHBOAHT k Heceaex- 

THBHOMy AeftCTBHK) 3aiUHTbf. 

Taxon cayqan npHBeAen Ha (j)Hr. IV, 58. ripn kopotkom 
3aMbixaHHH b Toqxe F 3amHTa 5 cpaóoTaeT c bha^PHíkoh 
BpeMeHH nepBoft CTyneHH. OAHOBpeMeHHo 3amHTa 2 HenoB* 
peHmeHHoro yqacTxa npOH3BeAeT 3aMep conpoTHB#eHH$i, 3a- 
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^ht. IV,57. CxeMa OMMeTpa 
c MrHOBeHHbíM 3aMep0M conpo- 

THBJíeHHH. 


4>HKCHpoBaB BTopyio 30Hy. riocjie OTKJiioqeHHq BbiKJiioqaTejiH 5 
C BblAepHCKOH BpeMeHH BTOpOH CTyneHH nOBpeHCAeHHe OT- 
KjnoqaeTca c Apyron ctopohu 3amHTOň 7 c bwagphckoh 
btopoh 3ohm. Oah3Ko oAHOBpeMeHHO c 3amHTOH 7 Hecejiex- 
thbho noAencTByeT h 3am«Ta 2. ílpn otcytctbhh MrHOBeH- 
Horo 3aMepa Ha 3amnTe 2 noc^eAHnn paóoTaeT b paccMaT- 
pHBaeMOM cjiyqae cejieKTHBHo, Tax xax nocae oTKjnoqeHHH 
BbiKjnoqaTejiH 5 3amnTa 2 nepeopHeHTHpyeTcn h 6yAeT Aen- 
CTBOBaTb c pe3epBHOH BbiAepacKOH BpeMeHH TpeTbeři CTy- 
neHtf. Jxm npaBHAbHoro ashctbhh 3a iuht (jíHKcaijHH aoahch 3 
ocymecTBAHTbcn Ha Bcex CMeacHHx yqacTKax. 

B cbh3h c H3JioHceHHbiM Bbiuie MrHOBeHHKH 3 aMep co- 
npoTHBjíeHHH oóbiqHO Bceraa ocymecTBAqeTCH b nepBhix 
30Hax, Tax xax sto He ycjiOHaweT cxeMbi. Bo BTopbix 30Hax 
ero npHMeHHioT TOAbxo npH noAxoAHmeií JM* 3Toro koh- 
q)HrypauHH cem MMneAaHCHan 3autHTa c 4> H KcauHeii 6bi- 
CTpOAeacTByiomero MrHOBeHHoro saMepa mohcct 3aMeHHTb 
b pHAe cayqaeB npH 3aMwxaHHHx Mencay ^^^aMH óojiee caok- 
Hue h Aoporne peaxTaHCHbie OMMeTpw. ripn 3aiibixaHHqx 
Ha 3eMAK> b nepexoAHbie conpoTHBaeHHH noMHMO Ayr MoryT 
sxoAHTb 3HaqHTejibHbie caaraiomne, oóycjioBJíeHHue conpo- 



4>nr. IV,58. Cayqaň HeceaexTHBHoro AencTBHH ahct 3 Huhoh* 
hoh 3au;HTbi, cHaóHceHHOH ^MKcauHefi MrHOBeHHoro 3aMepa 
COnpOTHBAeHHH. 


THBJíeHHHMH 3a3eMAHiouAHX ycTpoíicTB, nepexoAHUM conpo- 
THBJíeHHeM Mencay npOBOAOM H 3eMaeH H T. A. BaHHHHe 
9 thx conpoTHBaeHHH Ha paóoTy 3ainmbi MTHOBeHHbiH 3aMep 
He ycrpaHaeT. nosTOMy B03M0>XH0CTb 3aMeHM peaxTaHCHoif 
3amHTbi Ha hm neAaHCHy k> c MrHOBeHHbíM 3aMepoM ot 3aMbi- 
xaHHH Ha seM^K) 3HaqHTejibHo čo^ee coMHHTejibHa, qeM ot 
MeHCAy$a3Hbix 33MbixaHHH. Flo AaHHOMy Bonpocy B HaCTOH- 
mee BpeMH AOCTaioqHO oóocHOBaHHux sxcnepHMeHTajibHbix 
AaHHbix eiue Het. 


12. YHET K034>HUHEHT0B TPAHCOOPMAUHH H3ME- 
PHTEJIbHblX TPAHCOOPMATOPOB nPH OnPEAEJIE- 
HHH COnPOTHBJIEHHH HA 3AHCHMAX PEJIE 


B npe^HAymHx tiaparpa(j)ax npn onpe^e^eHHH 
BejiH^HH conpoTHBiieHHa z p h x p npeAnoAaraAOCb, 
HTO H3MepHTeJIbHbie TpaHC(|)OpMaTOpH TOKa H Ha- 
npHXceHHH HMeioT n m h n H , paBHbie e^HHHije. 
yqeT AeňGTBHTe^bHHx n npoH3BOAHTCH c^e^yio- 
iuhm oópa30M. 

ConpoTHB^iSHHe Ha 3axcHMax HMneAaHCHoro 
HJIH peaKTaHCHOrO OMMeTpOB paBHO OTHOUieHHK) 

noABOAHMbix k pe^e btophhhoto HanpHXceHHH u p 
vuiVi ero c/raraiomeň h BTODHHHoro Toxa i p . Ilo- 
9TOMy 



Up* ti tri ___ tlm 

n H -Ip 


-Z,\ 


(IV, 46) 


Xp — ~r sin <? p — 

l P 


Up sin tp-n„ 


1h-I p 


m 'y 

r Ap9 


(IV, 47) 


PaccMOTpeHHe BbipaaceHHň (IV,46j h (IV, 47) aaeT 

B03MoacHocTb c^ejiaTb cae^yioiuHe buboau: 

1. Z p h X p npn oahom h tom *e OTHome- 
hhh U p k l p yMeHbiuaKJTca c yBejumeHHeM homh- 
HaabHoro HanpaaceHHa 3ainamaeMbix aHHHfi. 3 to 



o6ycviOB;inBaeTCH Ten*, hto c yBeAHHeHHeM ho- 
HHHajibHoro HanpaaceHHa B03pacTaeT kos^huh- 
eHT Tl u . OMMeTpH AHCTaHIJHOHHblX aamHT HM6IOT 
HeKOTopue MHHHMaj/ibHbie conpoTHBJíeHHH Tpora- 
Hna, onpeAe^aeMué KOHerpyKTHBHbíMH napaMeT- 
paMH pe^ie h b cboio onepeab onpeneAHiomHe Te 
MHHHMa^bHHe AAHHbl yaaCTKOB, Ha KOTOpHX MO- 
aceT 6uTb ycTaHOB;ieHa 3amHTa. OTcioAac/ieAyeT, 
mto yKa3aHHbie MííHHMajibHbie ajihhm noBbíma- 
íotch c yBe^naeHHeM HOMHHajibHoro HappasceHHa 
cem 

2. Zp H X p npH OAHOM H TOM Hte OTHOHie- 
hhh Up h Jp npaMO nponopuHOHa^bHbí tt m . Kos- 

(JlHUHeHT n m — l -P^ L MOHCHO BblĎHpaTb p33JIHHHbIM; 

l UOM 

Ba>KHO TOAbKO, HTOĎH nepBHHHHň HOMHHaJIbHblň 
TOK TpaHC(J)OpMaTOpa / HOM He 6biJi MeHbiue MaK- 
CHMa^bHoro paóonero TOKa .khhhh. IlosTOMy b 
pane cjiyaaeB HCKyccTBeHHO ifoBuiiiaioT n m , a cae- 
AOBaTe^bHO, h 3aMepaeMbie pe^e conpoTHBJíeHiia. 

MHHHMa^bHaa AJiHHa ynacTKa, KOTopaa momcst 
Ó uTb 3am«meHa AHCTaHimoHHOft 3amnTofl c Hop- 
Ma^bHO nojxoópaHHbíMH xapaKTepHCTHKaMH, 33 bh- 
CHT IIOMHMO MHHHMa^bHOrO COIipOTHB.JieHHH TpO- 
raHHa, n H h n m Taxace ot cxeMu BKJiioqeHHa op- 
raHOB BbiaepacKH BpeMeHH nh hx xapaKTepncTHK. 
Tax, HanpnMep, ajih cxeMbi BKJiioaeHHa HMnenaHC- 
HblX OMMeTpOB Ha pa3HOCTb AHHeftHbIX TOKOB H 
jiHHeflHbie HanpaaceHHa ((Jwr. IV, 23) npn CTyneH- 
qaTbix xapaKTepHCTHKax h AJinHe nepBoň 3 ohh 
k% (70-*-80%) 3aummaeMoft ahhhh ee MHHHMa/ib- 
Haa A^iHHa L m i„ onpejieaaeTca H3 cooTnouieHHa: 


OTCioAa 


Zp. m min — ~ZT~ 


— •L ■ 

100 mm - 


Latia '■ 


100 ««•£, 


h *p. m, min 
k*tl m Z x 


(IV, 48) 


MeTHTb, hto 9to TpeĎOBaHHe He Bcer.ua buhoa- 
HHMO, H nOSTOMy B CXeMaX peaKTaHCHHX 3aiUHT 
HHor.ua npHXOAHTca npHMeHHTb Aono^HHTejibHbie 
ČaOKHpOBKH. 

3 . MyBCTBHTeabHOCTb, oĎecneHHBaio- 
maa nycx 3awHTbi npH Bcex bo3mojkhwx coot- 
HouieHnax tokob h HanpaxceHHň b momcht no- 
BpeacAeHHH. 

CymecTByeT BecbMa 6 oabmoe KoanaecTBo 
THnoB nycKOBbix opraHOB. B KaaecTBe hx Hcnoflb- 
3 yioTCH caeAyiooíHe pe/ie: MaKCHMaAbHoro TOKa, 
MHHHMajibHoro HMnenaHca, MHHHMaabHoro Hanpa- 
aíeHHH, a TaKHte AH<i>epeHu,Ha/ibHbie pejie Hanpa- 
xeHHa. H3 nepeaHCAeHHbix thhob npeoĎAaAaio- 
mee pacnpocTpaHeHHe HMeioT ABa nepBbix. 

riycKOBOfl opraH MaKCHMaJibHoro TOKa. Bbi- 
nojiHaeTca nocpeACTBOM HopMaabHbix MrHOBeH- 
hux peae MaKCHMaAbHoro tok 3, HanpnMep, cepHH 
3T-60 X3M3 (cm. tji. II, § 6). 

Hnu nOBbímeHHH HyBCTBHTeAbHOCTH 3aiU,HTbl 
HX ip.m AOAHteH BblČHpaTbCH no B03MOHCHOCTH 
MHHHM3JlbHbIM. KaK H AAH BCHKOŘ MaKCHMaJIbHOfl 
TOKOBOň 3aniHTbi, ip.m AOAHceH gbiTb 6oab- 
me / p max- npH BKAlOHeHHH TpaHC^OpMaTOpOB TO¬ 
Ka h oďmotok pe/ie b 3Be3Ay, hto oóbiHHO h npaK- 
THKyeTca . f 

(IV, 49) 

K e n m 


peaKTancHoft 3aiaHTu ocofieHHo BaKiio, htoďu 
i P ' m 6mji Gojibiue MaKCHMajibHoro TOKa ^ max , HMeiomero 
MecTO b 3flopoBOH t]ia3e aaHHoro yqacTKa npH k. 3. Ha CMe>K- 
hom yqacTKe: 


Ip. 


^3. mai 


(iv, 50) 


npH 3T0M flOnyCKaeTCH, HTO 3amHTa 3AOpOBOft Ha 

noBpexcaeHHOM yqacTKe mohcct 3anycKaTbca, TaK Kax sto 
k HenpaBHJibHbíM oTKJiioqeHHHM, naK npaBnao, npHBecTH He 
MOKteT. 


13. nyCKOBblE OPrAHbl 

riycKOBue opraHbí npeAHa3Ha>ieHbi ycTaHaBAH- 
BaTb MOMeHT B03HHKHOBeHna rioBpeíKAeHHH h ny- 
CKaTb b AefiCTBne opraHbí BbiAepacKH BpeMeHH. 
K nycKOBUM opraHaM npeAtaBJíaioT cAeayioruHe 
ocHOBHbie TpeóoBaHHa: * 

1. BbicTpoTa leňcTBHa. C coKpameHHeM 
hx coóCTBeHHoro BpeMeHH cpadaTbiBaHHH yMeHb- 
iuaeTca BbiAepjKKa t x nepBoň 30Hbi CTyneHnaTbix 
XapaKTepHCTHK H OCHOBHOTO BpeMeHH HaKaOHHUX 
xapaKTepncTHK. 

2. nyc k b aeflcTBHe To^bKo toto 
opraHa BUAepacKH BpeMeHH, k koto- 
pOMy nOABOAHTCH OCTaTOHHOe Ha- 
npaxceHHe neT^in KopoTKoro 3aMbiKa- 
hhh h tok noBpeataeHHoS 4> a 3u. 
BunoaHeHHe stoto TpešoBaHHH BecbMa BaacHO 
WH peaKTaHCHbIX 3amHT, OMMeTpH KOTOpbIX, 
BKjiioHeHHbie He na HanpHHceHHe neT^iH KopoTKoro 

3aMbIKaHHH, H TOK, erO OĎyCJIOBHBHIHft, MOryT na- 
BaTb npeyMeHbiiieHHbie 3aMepu. HeoóxoAHMO ot- 

11 Peaeňuaa 3amnTa 


XIocTOHHCTBaMH tokoboto nycKa hbahkjtch ero 
npoCTOTa h HaneiKHOCTb. riocJieAHHH b h3cthocth 
oĎecrieHHBaeTca TeM, hto 3 autHTa He nycKaeTca 
b xoa npn HCHe3HOBeHHH HanpaHceHHH 3 a cneT, 
HanpHMep, neperopaHHH npeAOxpaHHTefleň Ha H3- 
MepHTe^ibHOM TpaHC(J>opMaTope HanpaHceHHH. He- 
odxOAHMO HMeTb B BHAy, hto conpoTHB^eHHe Ha 
3 aacHMax oMMeTpa MonceT npn stom paBHHTbca 

( U P ^ r\ 

Hy^io ^HanpHMep, z p — -j~ — 0 ) • 

HeAocTaTKOM stoto opraHa nycxa HB^iaeTCH 
ero OTHOCHTejibHan rpyčocTb. Z(ah bo3mohchocth 

ero npHMeHeHHH HeoóxoAHMO, htoďu ■ ' 

>ip.m- npH BHÓope ip.m no MaKCHMajibHOMy pa- 
OoneMy Tony (IV, 49) sto cboahtch k cooTHome- 

I fa 

HHIO K ; 3mm ->-T L • npaKTHHeCKH TOKH, AOCTa- 
'p max 

TOHHue ajih AeficTBHH TOKOBoro nycKOBoro op¬ 
raHa, OĎblHHO HMeiOT MeCTO B CeTHX HanpHKe- 
HHeM 35 kV h HHHce. J\na tbkhx ceTeft, KaK 
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yKa3HBa^iocb Bbiine, npHMeHHioTCH 6oaee npocTbie 
h aemeBue HMneaaHCHbie oMMeTpbi. FIosTOMy 
nycKOBOft opraH MaKCHMaabHoro Tona npKMeHHeT- 
ch, KaK npaBH/to, p,m HMneaaHCHbix 3amHT. i , 
ílycKOBOň opraH MHHHMaabHoro HMneaaHca. 
OcymecTB^iaeTca nocpeacTBOM MrHOBeHHbix peae 
MHHHMaJIbHOrO HMneaaHCa. ílo KOHCTpyKHHH OHH 
nOAOĎHH MTHOBeHHblM peae COnpOTHB^eHHH (cm. 

ra. IV, § 5), Hcno^ib3yeMUM aan ommctpob. Oa- 

HaKO HX <J)yHKU,HH COBepUieHHO [OTaHHHbl OT OM- 
MeTpoB. IlocaeaHHe 3aMepHJOT^ conpoTHBaeHHe 


Zpa6 

k 


6 - 

Lj m jn 


4>hi\ IV*, 59. 3aBHCHMOCTb paóoqnx 
HMnejiaHCOB Ha 3ancHMax pejie ot 
T ona. 


I 


-3ohq ; 6 komopoO deucmĎUB 
oyckodbu opscLHod nesena 
me/JbHQ 


Zpa6 npu Upa5 honí 
Z pa6 n P u UpaSmcr 


Y/T? 

\/, //' 

ly/W/, 

ym 

W/M. . 

y/Y/OSmcmb VMnedahCQdY// 
V///' npu no6pe>kdeHURi // ' / Z/ / 


ot MecTa ycTaHOBKH 3amaTbi ao MecTa bo3hhk- 
uiero KopoTKoro- 3aMbiKaHHH. riycKOBbie ace op- 
raHbí MHHHMaabHoro HMneaaHca aoaacHbí ToabKo 
OTanaaTb HMneaaHC Ha cbohx 3a»cHMax npn Hop- 
MaabHoň paĎOTe ot HMneaaHca npn noBpeacae- 
hhh. riosTOMy napaMeTpu hx aoaxcHbí 6uTb HHbie, 
aeM y peae conpoTHBaeHHH. 

TpeěoBaHHH k xapaKTepncTHKe nycKOBoro op- 
raHa MHHHMaabHoro HMneaaHca BbiTeKaioT H 3 pac- 
CMOTpeHHH KpHBoň paSonero HMneaaHca_^paír_= 


= (4>HT. IV, 59). 3aBHCHMOCTb Zpa6 OT ip npH 

nocTOHHHoň BeaHHHHe paóonero HanpaaceHHH u pa g 
npeacTaBaaeT rHnepóoay. KpHBaH 1 cooTBeT- 
CTByeT HOMHHaabHOMy paóoneMy HanpaHce- 

HHK> U p a6 hom (OĎblHHO aafl aHHeftHOrO HanpHJKe- 
HHH 100 V), KpHBaH 2 — MHHHMaabHO B03M0HCH0My 
b ycaoBHHx 3KCnaoaTauHH paóoneMy HanpHHceHHio 
(OĎblHHO Upa6 min = 80 -i- 90% U pa 6 hom ). B03HHKH0Be- 
Hne nOBpexíaeHHň xapaKTepH 3 yeTca oďuhho no- 
HHHceHneM HanpaaceHHH h yBeanneHneM toio. 
ripH MHHHMaabHbIX peXCHMaX paÓOTbl CHCTeMbl 
Han noBpeacaeHHHx nepe3 nepexoaHue conpOTHB- 
aeHHH TOKH KOpOTKOTO 3aMbIK3HHH MOryT 6 bITb 
h MeHbUie MaKCHMaabHbix paĎOHHx; noaTOMy 06 - 
aacTb HMneaaHCOB Ha 3aa(HMax peae npn noBpexc- 
aeHHHX orpaHHHHBaeTCH caeBa I 3 mm h CBepxy 
KpHBoň 2 paĎonero HMneaaHca, cooTBeTCTByio- 
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ipefi Upa6 min- TaKHM 06pa30M nyCKOBOň f opraH 
MHHHMaabHoro HMneaaHca aaa aHCTaHnnoHHoň 
3amHTU aan oxBaTa Bcex B03M0>KHbix noBpexf- 
aeHHň aoaaceH HMeTb HMneaaHC TporaHHH, 33 bk- 
CHMbin ot BeaHHHHM i p . Éro BeaHHHHa^onpeae- 
aaeTCH aayMH ycaoBHHMH: 

^ ^paó (npn 

u pa 6 min) 

-r—Z-* (lv* Ol) 

k H k 6 

(IV, 52) 

k h 



B (IV, 51) k e Bceraa óoabine eanHHUbi, Taic 
Kax paccMaTpnBaeMoe peae MHHHMaabHoro THna, 
h nosTOMy ero HMneaaHC B03BpaTa HMeer 6oab- 
myio BeaHHHHy, neM HMneaaHC TporaHHH. KoscJjh- 
uneHT HaaeacHOCTH k H ^> 1. z 3 .# — MHHHMaabHO bo 3- 
MOHtHbift HMneaaHC Ha HenoBpexcaenHbix <pa3ax 
HenoBpeacaeHHOft aHHHH npn kopotkom 33 MbiKaHHn 
Ha CMeatHOM yqacTKe. Oco6o Maabie 3HaneHHa 
HMneaaHCOB Ha HenoBpeacaeHHbix <pa3ax noay- 
naioTCH -"npH 3aMbiKaHHHx Ha 3eMaio b cncTeMax 
c HenocpeacTBeHHo 3a3eMaeHHbiMH HyaeBHMH tom- 
k3mh, TaK KaK b 9TOM caynae no hhm 3 aMbiKaiOTC 8 
He ToabKo tokh Harpy3KH, ho TaKHte tokh Hyae- 
bo 0 nocaeaoBaTeabHOCTH, oSycaoBaeHHbie 3a3eM- 
aeHHHMH HyaeBbíMH TomfaMH CHCTeMbi. B npeaeab- 
hom caynae sth tokh MoryT 0Ka3aTbCH paBHbíMH 
Toxy b noBpeacaeHHoft $a3e (<))Hr. 1,9). 

flpH KOpOTKHX 33MbIKaHHHX Ha aHHHHX, OTXO- 
aHUIHX OT MOmHbIX CHCTeM, MÓ)KeT OKa3aTbCS, 
hto noHTH Bce naaeHHe HanpHaceHHH ao >khtch Ha 
aaHHio. B 3tom caynae HanpHxceHHe Ha 3 aasHMax 
peae oiía>KeTCH 6aH3KHM k paOoneMy h nyCKOBOň 
opraH, HMeiomHfi xapaicTepucTHKy, noao6Hyro pa- 
ĎoneMy HMneaaHcy, OTKasaeT b aeňcTBHH. 
npeaoTBpameHHH 3Toro xapaKTepncTHKy pe^e 
BbinoaHHioT TaKofi (kpHBaa 2 (pur. IV, 60), hto 
npn KpaTHOCTHX Tona A = 3~f-4 ot i H0M OHa ne- 
pecenaeT KpHByio 1 pa6onero HMneaaHca. TaKaa 
xapaKTepncTHKa oóecneHHBaeT TaKxce aeftcTBHe 
3amHTbi npH 6oabmnx CBepxTOKax. B HanaabHoS 



qacra npH Heóo;ibmHx toksx „ropó“ xapaKTepn- 
cthkh oóecneqHBaeT paóoTy pe^ie npn noBpexí- 
AeHHax qepe3 óo^binne R n . O^Hano npn stqm ne 
cjie^yeT CTpeMHTbcn k noBbinieHHio qyBCTBHTejib- 
hocth pejie npH Toxax, 6jih3khx k i p . m , ao ne- 
jimnu, onenn 6jih3khx k paóoneMy HMneaaHcy. 
3to MoxceT b HeKOTOpbix cjiyqanx npHBOAHTb 
k HexceJiaTejibHOMy AeficTBHio nycKOBbix opraHOB 
HenoBpexcAeHHUx (f)a3, HanpHMep, 3 a cqeT octs- 
ToqHbix tokob Harpy3KH npn AByxíjjasHbix 3aMbi- 
K8HHHX. 


^yBCTBHTeJIbHOCTb npH 3QMbIK3HH5IX qepe3 R n . riOSTOMy ny- 
CKOBbie opraHU c t3Khmh xapaKTepHCTHKaMH ujih juiCTáH- 
UHOHHHX 3amHT (oCOÓeHHO peaKTaHCHblx) He peKOMeHflyiOTCfl* 

Tok TporaHHH HMne/iaHCHbix nycKOBbix op- 
raHOB AOJiyaen BbiónpaTbCH no bo3mohchocth mh- 
HHMajibHbíM, o^HaKO He MeHbine MHHHMajibHoro 
TOKa Ha^eatHoň paóoTbi OMMeTpoB. Ecjih no3BO- 
JIHIOT MHHHMaJIbHbie TOKU KOpOTKOTO 3 aMbIKaHHE 
b cHCTeMe, ero HHorjxa BbiónpaioT a aace HecKOJib- 
ko 6o;ibme HOMHHajibHoro TOKa jwhhh. 3thm 
npeAOTBpamaeTCH HenpaBHJibHoe AeňcTBHe 3a- 



4>ar. IV, 61. IIojryqeHHe 

3aBHCHMOCTH HMnenaHca 
TporaHHH ot Tona nýTeM 
BK^ioqeHHfl napa^JieJibHo 
tokoboíí oÓMOTKe peae 
HacwmaiomerocH jipoo 
cejiq. 



Onr. IV, 62. rioJiyqeHHe 

33BIÍCH MOCTH HMneflaH- 

ca TporaHHH ot TOKa 
nyTeM BKJiioqeHHH to- 
koboh oómotkh qepe3 
HacbímaiomHHCH npoMe- 
HCyTOHHblH TpaHC(J)OpMa- 
TOp TOKa. 




<í>Hr. IV, 63. Mcnojib 30 BaHHe oómero 
HMneaaHCHoro nycxa npH 3aMbiKa- 
HHHX MeiKfly (})a3aMH H 3aMbIKaHHHX 
Ha 36MJII0. 


4>Hr. IV, 64. BeKTopHan 
AHarpaxMMa tokob h 
HanpHHceHHÍi lIpH 3aMbI« 
KaHHH Meaay <J>a3aMH B 
h C. 


3aBHCHMOCTb Zp.m ot TOKa oĎbíHHo noJiynaeica 
BKjnoqeHHeM b TOKOByio uenb napa^jiejibHO oó- 
MOTKe pejie conpoTHBJíeHnn Hachimaiomeroca 
Apoccejin ($Hr. IV, 61) kjik unranneu tokobož 
oómotkh qepe3 HacbímaiomHHCH npOMeacyToqHbift 
TpaHC^opMaTop (cfmr. IV, 62). 

B nepBOH KOHCTpyKUHH npH HeÓOJIblHOM ip ÓOJIbUiaH 
ero qacTb npoTeKaeT qepe3 oÓMOTKy peae, TaK KaK conpo- 
THBJíeHne ^poccejiH BejiHKO. B pe3yjibTaTe nocTOHHHan k m 
(IV, 8), a cjieaoBaTejibHO, h z p% m noayqaioTCH óoabiiiHMH. 
npn noBbímeHHOM i p apoccejib HaqHHaeT HacbímaTbca, co- 
npoTHBjíeHHe ero naaaeT h npoHexoaHT OTHOCHTeJibHoe ne- 
pepacnpeaeaeHne tokob. nocTOHHHan n z n m noHHacaioTCH. 
flpH óojibiiiHx i ycTaHaBJíHBaeTCH npuMepHo nocTOHHHoe hx 
pacnpeaeaeHHe Me)Kay oómotkoh peae h apoccean. B pe- 
3yjibTaie z ptfn npnoópeTaeT TaxiKe npHMepHO nocTOHHHoe 
3naqeHHe. OojioóHbíM tkq o6pa30M jxeňcTByeT -H-BTopan 
cxeMa. npn HeóojibiiioM i p npoMeHcyToqHbiH TpaHC^opMaTop 
ne nacbímeH. nepea TOKOByio oÓMOTKy peae npoxo,HHT ot- 
iiocHTeabHo óoabinoH tok. KoscjniUHeHT k m h z p m hmciot 
noBbímeHHbie 3HaqeHHH. npn yBeaHqeHHH i npOHCxo,HHT 
nacbímeHHe npOMeiKyToqHoro TpaHc^opMaTopa; k m h z 
HOHHiKaiOTCH. * p m 

He^ocTaTKOM xapaKTepncTHK c 33bhchih;hm ot toks hm- 
ne^ařicoM HBjíneTCH b qacTHocTH to, mto npH hhx qacTo 3a* 
TpyaHHTeabHO otctpohtbch ot noBpeHcaeHHH b .apyrnx, cbh- 
3aHHbix qepe3 cnaoBbie TpaHC(j)opMaTopbi cncTeMax. Aaa 
stoh uean HHoraa óojiee nojxxoaHmHMH hb^hiotch peae 
C nOCTOHHHblM Z ^ m (KpHB3H 3 ^HT. IV, 60). Ó^HaKO npH 
HHX ÓMBaeT 3aTpy^HHTeabHO OCymeCTBHTb Ha,ne)KHyK) OT- 
CTpoHKy OT TOKOB b 3AopoBbix 4>a3a i (HanpHMep, npH 3a- 
MWKaHHHx Ha 3eMaio) h oflHOBpeMeHHO oóecneqHTb BbicoKyio 


mHTbi npn Hcne3HOBeHHH HanpnxceHHH b ee iienn 
HanpHHceHHH hjih 3a cneT tokob Harpy3KH Ha pa- 
Anajihnux jihhhhx c oahoctopohhhm nHTaHHeM 
npn noBpeacaeHHHx Ha Apyrnx ^íhhhhx, otxo,zih- 
IH.HX ot Tex Hce ni hh. B Tex cjiyqasx, Kor^a mh- 
HHMaJIbHbie TOKH KOpOTKOTO 3aMbIK3HHH Ma^íbl, 
B03M0HCH0CTb HCqe3HOBeHHH HanpniKeHHH Ha 3 a- 
imrre npH Bbióope i p . m He yqnTbiBaeTca. J\m 
npeAOTBpain.eHHH ace HenpaBH^bHoro agActbhh 
3ain;HTbi vcTaHaBjíHBaioTCH cnenmjibnue ójiokh- 
pyiouiiHe ycTpofiCTBa (cm. r^. IV, § 16). 

Rjin 3aui;HT ot 3aMbiKaHHft Meac^y 4 >a 3 aMH ny- 
CKOBbie opraHbí npHcoeAHHínoTca Ha jiHHeňHbie 
tokh h jiHHeftHbie HanpHaceHHH no^oÓHO OMMeTpaM 
no (})Hr. IV, 20. Tanoe BKJiioqeHHe oóecneqHBaeT 
hx npaBH^bHoe .neňcTBHe npH Tpex4>a3Hbix h ji;Byx- 
(|)a3HHX 3aMblKaHHHX. .3aiII,HT OT 3aMbIKaHHÍÍ 

Ha 3eM/no nycKOBbie opraHbí BKJiioqatOTCH Ha oa- 
HOHMeHHbie jiHHeĚHbie tokh h (|)a3Hbie Hanpnace- 
hhh, KaK oMMeTpH no 4wr. IV, 26. npn Hcno.ib- 
30BaHHH 0ÓIII,HX OMMeTpoB AJM nyCK8 3am,HTbI 
npn 3aMbiKaHHHx Meac^y (J>a3aMH h Ha 3 eMJiio npo- 
h3boahtch aBTOMaTHqecKoe nepeKjnoqenHe ue- 
neň HanpnaceHHH c Mexc^ycfíasHbix Ha 4>a3Hbie 
((J)Hr. IV, 63). npn 9 tom AJin oóecneqeHHH npa- 
BHJlbHOH paÓOTbl opraHOB npH 3aMbIKaHHHX Ha 
3eM^io, Korj^a k hhm noABOAHTcn noHnaceHHbie 
HanpíDKeHHH, oómotkh HanpnaceHHH hx BK«/iíoqa- 
iotch qepe3 aBTOTpaHC(|)opMaTopbi HanpaxceHHH, 
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noBuiuaiomHe <J)a3Hue HanpH»eHH>i ao ^HHeňHbix, 
t. e. b ]/3 pa3. 

PeaKTaHCHue oMMeTpu, BKJiioqeHHue, HanpHMep, Ha 
pa3H0CTb JIHH6HHbIX TOKOB H flHlieHHbie HanpHHCeHHH, npH 
3 aMbiK3HHHx Mencny AByMH $a 3 aMH (HanpHMep, B h C) mo- 
ryT jiaBaTb Ha oTCTajoiueň <J>a3e C HencenaTenbHbiň npe- 
yMeHbineHHbiH 3aMep. B cb&3h c sthm cnenoBano 6 h 3 any- 
CKaTb b paóoTy Tonbxo OAHy onepencaiomyK) noBpencfleHHyx) 
4 >a3y. OflHaxo flance HMneflaHCHbie nycKOBbie opraHH 3 Toro 
oóecneqHTb He MoryT. K pejie MHHHMajibHoro HMneflaHca ot- 
CTaiomeH 4>a3Bi C noflBOflHTCH, npaBfla, óojibinoe Hanpance- 
H«e (Uqa">Ubc IV, 64), ho qepe3 TOKOByio oÓMOTxy 

pene npoTeicaeT non- 
Hbifi tok noBpencfleHHH 
c h noaTOMy oho mo- 
nceT HHorfla cpaóoraTb, 
xax^H Ha npaBHJibHo 


(IV, 53) 


u pa6 min 

u p- m== K-K ' 

řípaKTHqecKH sto oówqHO cocTaBnaeT (65-^75)%#,^. 
XapaKTepH.cTHKa TporaHHH paccMaTpHBaeMoro nycxa 
H 3 o 6 pancaeTc« b ochx 2 , i p (xpHBan 4 , (Jmr. IV, 60). Flofl^ m 

U p. m 

npH 3 tom noHHMaeTcn OTHomeHHe — 7 —, rfle 1 — jjhhch- 

l p 

HbIH TOK. no CpaBHeHHK) C 33BHCHMOH XapaKTepHCTHKOH pě¬ 
ně MHHHMajibHoro HMneflaHca (KpHBaa 2)flaHHbin nycx HMeeT 
cjieflyiomHe HeflocTaTKH: 

1) He fleňcTByeT npHjóonbmnx CBepXTOKax, He coupo- 



Ha zauuurnj 


K mase B 



JttJHUk. HQ 3WHU90 



tí mase C 


H mase A 


4>ht. IV, 65. BnoKHpoBKa, očecneqHBajomaH 
0CT3BjieHHe b paóoTe npH 3aMHxaHHHX Mencny 
AByMH <^a3aMH oflHoft onepencaiomeH 4> a3bI * 


fleftcTByiomeH <}>a3e nosTOMy b cxeMax peaxTaHCHbix 3a- 
iuht HHorfla npHMeHHjiHCb cneunanbHbie ónoxHpoBXH, flaio- 
mne B03M0HCH0CTb paóoTaTb TOJibKo onepencaRDmeíi noBpenc- 
fleHHOÍÍ $ a3e ($ Hr * IV, 65). npH 9TOM cxeMbi BbinonHHIOTCH 
Tax, hto npH paóoTe TonbKo oflHoro nycKOBoro opraHa 
onepencaFomen noBpencfleHHOH <j)a3bi ohh Taioxe fleřícTByioT 
npaBHnbHO. HeOÓXOflHMOCTb 3THX ÓJIOKHpOBOK 3KCnJIOaTaUHeH 
He noflTBepncfleHa h nosTOMy b Hacroamee BpeMsřHx cqn- 
T3IOT B03M0HCHb!M He OCymeCTBAHTb. 

OcHOBHHM flOCTOHHCTBOM nyCKOBOTO OpraHa MHHHMBAb- 
Horo HMneflaHca no cpaBHeHHio c tokobmm HBnaeTca ero 
óojibmaH qyBCTBHTejibHOCTb. 9 to no3BOJineT BbinonHHTb 3a- 
mHTbi, fleHCTByiomne npH TOKax MeHbme MaxcwManbHoro pa- 
6oqero. Manwe 3HaqeHHH tokob KopoTKoro 3aMbixaHHH 
HMeíOT oówqHO MecTO b ceTHx HanpnnceHHeM 110 kV h Bbiuie, 
fljiH peaKTaHCHbix 3amHT KOTopbix, Kax npaBHJio, h npHMe- 
HíieTCH HMneflaHCHbiH nycx. 

IlycKOBOH opraH MHHHMajibHoro HanpHHceHHH. Ocyme- 
.CTBJIHeTCH MTHOBeHHblMH p6Jie MaKCHMajIbHOTO TOKa H MH- 
HHManbHoro HanpnnceHHH, coeflHHeHHbíMH nocneflOBaTenbHo 
($Hr. IV, 66). ip m m TOKOBoro pejie a jih Mencfly4)a3Horo nycxa 
BbiónpaeTcti Kax h ajíh nycxoBbix opranoB MHHHMajibHoro 
HMneflaHca. K pene HanpnnceHHH, HanpHMep, <})a3bi A nou- 
BOflHTcn HanpnnceHHe Uab* KaK H n P H HMneflaHCHOM nycKe. 
Ajih nycxa npH 3aMbixaHHHx Ha 3eMJiio pene Toxa Bxjnoqa- 
€TCH Ha tok 3/ 0 . B 3tom cnyqae ero i pmin flonnceH bbióh- 
paTbCH óojibuie MaxcHManbHoro 3HaqeHHH i n6 , Pene Hanpa- 
nceHHq BxníoqaiOTCH npH stom na $a3Hbie HanpnnceHHn. Ha- 
npanceHHe TporaHun pene MHHHManbHoro HanpnnceHHH flna 
aipeflOTBpameHHH fleKCTBHH npH MHHHManbHbix paóoqnx Ha- 
tHpjinceHHHX h HaflencHoro B03BpaTa b HcxoflHoe nononceHHe 
íiocne oTxníoqeHHH xopoTKoro 3aMbixaHHH bhc 3amnmaeM0H 
3ohh BbióHpaeTCH no 4>opMyne: 
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<í>Hr. IV, 66. nycxoBoS op- 

ran MHHHMaaBHoro nanpa- ^ IV>67 . nycKOBoft 

opraH AH^epeHUHanbHoro 
HanpanceHHH. 

BoncflaiomHxcq 3HaqHTenbHoň nocaflxoň HanpnncenHH (xpHBan 
z p. m n P H Jíio^hx Toxax i p nencHT mince z pa $)\ 

2) MonceT OTxa3aTb b fleficTBHH npH óonbniHX 3HaqeHHqx 
Toxa xopOTxoro 3aMbixaHHH, oóycnoBnHBaiomHx ocTaToqHue 
HanpHHceHHH, 6nH3KHe x HopManbHbíM ( 3 a cqeT 0 Txa 3 a b flen- 
ctbhh pene MHHHManbHoro HanpqxceHHa); 

3) oónaflaeT H3nHuiHe óonbmon qyBCTBHTenbHocTbio npn 
Manwx Toxax KopoTxoro 3aMbixaHHH, qTo MonceT npHBecTH 
x HenpaBHnbHOMy fleftcTBHio 3auxHTbi nofl BJiH5iHHeM ocTa- 
ToqHbix tokob Harpy3KH (cm. Bbirne 06 HMneflaHCHOM nycxe); 

4) flelicTByeT 6onee MeflneHHO npn HeóonbuiHX noHnnce- 
HHHX HanpHnceHHH. n03T0My flnH flHCTaHUHOHHUX 3 aiUHT 
nycx MHHHManbHoro HanpqnceHHq, xax npaBHno, He pexo- 
MeHflyeTcn; oflHaxo oh niHpoxo npHMeHaeTCfl b HexoTopbix 
flpyrnx 3amnTax, HanpHMep, nonepeqHwx flH(J)epeHUHanb- 
Hbix (rn. V), rfle HexoTopbie H3 ero cboííctb ABnmoTcn xax 
pa3 BecbMa xcenaTenbHbíMH. 

ílycxoBoň opraH AH<])epeHUHajibHoro HanpnnceHHH. 
OcymecTBnaeTCH MrHoseHHbíMH flH^epeHunanbHbíMH pene 
HanpnnceHHH. KoHCTpyxuHH hx nofloÓHa pene conpoTHBneHHíi 
(cm., HanpHMep, (J)Hr. IV, 8). Pa3HHua 3 axnioqaeTcq nnuib 
B TOM, qTO X OÓMOTKaM OÓOHX 3neXTpOM3rHHTOB nOflaiOTCH 
HanpnnceHHH. Pene cpaóaTWBaeT b tom cnyqae, xorfla Ha- 
npsinceHHe Ha oahoh H3 o6motok (topmo3hoh) CTaHOBHTCH 
MeHbme, qeM Ha flpyroft (paóoqefi). OqeBHflHO, hto nycx He 
npnrofleH fln» Tpex4)a3Hbix 3aMWxaHHH, Korná Bce TpH octs- 
ToqHbix HanpnnceHHH oxa3biBaiOTcq npHMepHo OflHHaxoBbíMH. 
nosTOMy oh npHMeHHeTCH Tonbxo flnn nycxa OMMeTpOB npH 
3aMboxaHHHx Ha 3eMnio h BxnjoqaeTca Ha 4>33Hbie HanpHnce- 
hhh flaHHofi $a3bi h oTCTaiomeH ot Hee Ha 120° (4>Hr. IV, 67). 
iXaHHbifí nycx b HexoTopbix cnyqanx oóecneqHBaeT óojil- 
myio qyBCTBHTenbHocTb, qeM pene MHHHManbHoro HMne- 
aaHca. 3 to MonceT čbiTt b CHCTeMax c Harnyxo 3 a 3 eMneH- 
HbJMH HyneBHMH ToqKaMH, no HenoBpencfleHHbíM ^a 3 aM jih- 
hhh KOTopbix npH 3aMbixaHHHX Ha 3eMnx) npoTexaíOT 6onb- 
nme tokh. nycx MHHHManbHoro HMneflaHca ot hhx Heoóxo- 
flHMO OTCTpaHBaTb. llpHHHMan, OflHaxo, BO BIÍHMaHHe, HTO 
b óónbuiHHCTBe cnyqaeB HMneflaHCHbiH nycx flaeT nyqmne 
pe3ynbTaTbi h Hcnonb3yeTcn Taxnce npH Mencfly$a3Hhix 3a- 
MbixaHHHX, Ha npaKTHxe flH^epeHunanbHbiH nycx npHMeHaei- 
ca peflxo. 

14. OPrAHbl HAI1PABJIEHH5I MOIUHOCTH 

OpraHbí HanpaBjíeHHH moiiihocth b AHCTan- 
UHOHHOÍl aanjHTe BbinOJIHHíOTCH, KBK npaBHflO, B 
BHAe OTAeAbHbix pe^e HanpaBJíeHHH. Ohh HMeíOT 


3Ha>ieHHe pa3peiuaTb jieňcTBHe To^ibKo TeM 
KOMtl/ieKTaM 3amHTbI, qepe3 KOTOpbie B MOMeHT 
noBpe>KAeHHa MoiuHOCTb HanpaB^eHa ot uihh b 
J 1 HHHKD. TaKHM 0Ďpa30M HX 4>yHKU,HH coBnaaaioT 
c TeMH, KOTOpbie HMeioT pe^e HanpaB^eHHa b 
paccMOTpeHHOfi Bbíme MaKCHMajibHoň 
tokoboíí HanpaB^eHHoň 3amHTe 
(ivi. III). riosTOMy Tpe6oB3HHH, npeflib- 
HBJíHeMue k opraHaM HanpaB^ieHHH 

MOmHOCTH OTCTaHUHOHHHX 3amHT H 
CXeMaM HX BK-ÍIIOHeHHH, OCTatOTCH Te 
*e, MTO H A-ÍH MaKCHMa^bHblX TOKO- 
Bux HanpaB^eHHbix 3amHT. 

IlepBaH CTyneHb AHdaHUHOHHbix saiuHT 
BbinojiHBeTCH MrHOBeHHOjieHCTByioiueft. Ee 
BpeMH onpejieJiHeTCfl tojibko coócTBeHHHM 
BpeMeHeM AeiíCTBHH OTAejibHbix sjíeMeHTCB, 

BXOAHIUHX B CXeMy, H B qaCTHOCTH MOHCeT 
3aBHceTb ot BpeMeHH paóoTbi pejie Hanpa¬ 
BJíeHHH. riosTOMy b Tex cjryqanx, Korjia co6- 
CTBeHHoe BpeMH AencTBHH pejie HanpaBJíeHHH 
C HOpMaJIbHO pa 30 MKHyTUM KOHT3KTOM Be- 
jihko, qacTo nepexoflHT Ha Hcnojib30BaHHe 
KOHT3KTOB, HOpMaJIbHO 33MKHyTbIX HOA BJIH- 
HHneM yaepHCHBaiomeH KaiyiiiKH HanpHaceHHH 
(CM. TJI. III, § 13). npH 9TOM BpeMH fleHCTBHH 
3amHTW CT3HOBHTCH npaKTHHeCKH He 33BHCH- 
mHM OT COÓCTBeHHOrO BpeMeHH JXeHCTBHH 
pejie HanpaBJíeHHH. 

B 3aiuHTax peaKTaHCHoro THna npe^CTa- 
BaneTCH b HeKOTOpux cJiyqanx bo3mohchhm 
H cnojib30BaTb b KaqecTBe opraHa HanpaBJíe- 
HHH MOmHOCTH OMMeTp, eCJIH OH AeHCTByeT n P H OTpHUa- 
Te^bHwx peaKTaHcax [U p * sin ^ (U pi i p ) < 0] (KOHTaKTbi 
ne uaiOT 3aMKHyTofl uenn Ha OTKJitoqeHHe). HeAocraTKaMH 
TaKoro Hcnojib30B3HHH oÓHqno hbjihiotch: HaJiwqHe MepTBux 
30H npH Bcex BHjnax noBpeiK.neHHň, HeqeTKaa paóoTa 3aiUHTM 
3a cqeT norpeniHOCTeň b Tex CJiyqanx, Kor.ua yroji Meamy 
tokom h HanpHHceHHeM Ha 3aacHMax pejie 6 jih30k k 0° 
(npH 3aMep’ noJioacHTeJieH, npH <^<0 3aMep OTpH- 

uaTeJieH). IloaTOMy paccMOTpeHHWH cnocoó Bbióopa HanpaB¬ 
JíeHHH moiuhocth b HacToniuee BpeMH pacnpocTpaHeHHH He 
HMeeT. 


15. nPHHUHnHAJlbHblE CXEMbl flHCTAHUHOHHbIX 
3AIU.HT 

KoHKpeTHoe BunoJiHeHHe cxeM AHCTaHuHOHHbix 3amHT 
3a bucht ot ueJioro pnua ^aHHbix: THnoB npHMeHHeMbix pejie, 
c.ceM KOH(})HrypauHH h KOMMyTauHH 3aiuHiuaeMOH ceTH, 
peHCHMa 333eMJieHHH HyjieBWx ToqeK chctcmh, TpeóoBaHHH, 
OÓyCJIOBJíeHHblX yCTOMqHBOCTbK) CHCTeMM, H T. A lÍHACe B 
KaqecTBe npHMepoB paccMaTpHBaioTCH ABe cxeMbi, Bbinoji- 
HeHHbie Ha oóopyAOBaHHH X3M3 [JI. 8]. 

1) HMneAaHCHan 3amHTa ot BČex bhaob MHoro<j>a3Hbix 
33 MMK3HHH, npeAHa3HaqeHHaH K yCT3H0BKe Ha JIHHHHX c 
UByXCTOpOHHHM IIHTaHHeM B CHCTCMaX C MaJIblM TOKOJM OAHO- 
(jiaSHOrO 33MblKaHHH Ha 3eMJIK>; 

2) peaKTaHCHan 3aiuHTa ot 33MbfK3HHH Me>KAy ^a3aMH, 
npeAHa3HaqeHHaH k ycTaHOBKe Ha jihhhhx c AByxcTOpoHHHM 
nMTaHHeM b CHCTeMax, He noABepaceHHbix KaqaHHHM, c Har- 
jiyxo 3a3eMJieHHbiMH HyaeBbíMH ToqxaMH. 

CxeMbi AAH npOCTOTU paCCMOTpeHHH B3HTW B Tpex$a3- 
hom BbinojiHeHHH. B uejiHx ynpomeHHH Ha $Hrypax npn- 
BOAHTCH 3aiUHTa, yCT3HOBJieHH3H TOJIbKO Ha OAHOH A . 

HMneAaHCHan 3am.HTa ((Jwr. IV, 68 h IV, 68'). 

3amHTa HMeeT cjieAyiomee BwnoAHeHHe. IlycKOBOH opraH 
MaKCHMajibHoro Tona I ocymecTBaeH nocpeACTBOM pejie 
Toxa THna 3T-60, BKJiioqeHHoro Ha AHHefíHHH tok. OpraH 
HanpaBJíeHHH moiuhocth 2 BbinojmeH b bhac oAHo4*a3Horo 


pejie HanpaBJíeHHH THna MM-142, peampyioiuero Ha mouí- 
HOCTb P p = u p -ip- COS (^ + 45°). 

Pejie BKJiioqeHo no AeBHHocTorpaAycHoS cxeMe: co- 

qeTaeTCH c U b q. JIjih ycTpaHeHHH bjihhhhh Ha BpeMH Aefi- 
ctbhh 3aoiHTbi ccócTBeHHoro BpeMeHH pejie HanpaBJíeHHH 
HCn0JIb30BaH ero HOpMaJIbHO 3aMKHyTblH KOHTaKT, KOTOpWH 


npHHUHnnaxbHaH cxeMa HMnejiaHCHOH 3aniHTbi a jih cncieMbi 
C MaJIblMH TOK3MH 3aMbIK3HHH Ha 3eMAK). 



4>nr. IV.68 7 . Pa3BepTKa nocioHHHoro TOKa aah cxeMbi 
$nr. IV, 68. 
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yflepHCHBaeTCH b 33MKHyTOM nojiomeHHH npn HopMaabHofi 
paóoTe nojoi BjiHHHHeM yaepiKHBaiomeH KaiyuiKH Hanpnxce- 
HHH, BKJIIOqeHHOH Ha Uab- 

OMMeTp BbinojiHeH nocpeacTBOM flByx peae MaKCHMaab- 
hoto HMneaaHca 3 h 4 THna HM-120, HMeiomnx HopMaJiLHO 
3 aMKHyTbie KOHTaKTu. OMMeTp 3 Hcnojib3yeTC» juih nepBofi 
CTyneHH, a OMMeTp 4 ajih BTopofi ciyneHH 3amHTbi. npn 
33MUK3HH51X MeXtfiy <f>a3aMH K OÓMOTKaM HanpHMCeHHH OM- 
MeTpa nO^BOAHTCH Ů A £. npH aBOHHblX 3aMbIK3HHHX Ha 
3eMJiFO, conpOBoacaaioiuHxcH ncnBaeHHeM Tona 7 0 , b MecTe 
ycraHOBKH 3aiuHTW k OMMeTpy noflBojxHTCH 4>a3Hoe Hanpa- 
>KeHne. 9to ocymeCTBaneTCH nocpeacTBOM peae MaKCHMaab¬ 
Horo Tona 5 THna 9T-60, BKaioqeHHoro Ha (JmabTp tokob 
iiyjieBOH nocaeaoBaTeabnocTH, h npHBoaHMoro hm b aeficT- 
pne MHoroKOHTaKTHoro npOMexcyToqHoro peae 6 . Ilpn 3a- 
MbiKaHHíix Meacay <jía3aMH noa tokom HaxoaHTcn ToabKo oaHa 
H 3 flByx oómotok peae HM-120, BKaioqeHHaH Ha aHHefiHufi 
TOK. npH aBOHHUX 33MbIK3HHHX Ha 3eMaiO, COnpOBOHCaaiO- 
iuhxch noHBaeHHeM b cxeMe 3amHTbi Tona 7 0 , noa tokom 
OK 33 biBaK)TCH TaKxce BTopue oómotkh peae HM-120. Mepes 
•HHX 3aMbIKaeTCH 3t 0 , TpaHC(})OpMHpOBaHHbIÍI 3BT0TpaHC4)0p- 
MaTOpOM TOKa 7. n m aBT0TpaHC<})0pMaT0pa BUÓHpaeTCH cor- 
jiacHo (IV, 33). TaKHM o6pa30M cxeMa HMeeT TOKOByro kom- 
ineHcauHio. flaa toto qToóu 3aMep npH abožíhux 3aMUKa- 
ehhhx Ha 3 eMaK>, conpOBOHcaaromHXCíi noHBaeHHeM 7 0 , a cae- 
aoBaTeabHo, h aeficTBHeM tokoboh KOMneHcauHH, caeaaTb 
fipHMepHO paBHbíM 3aMepaM npH 3aMUKaHHHx Meacay 4 >asaMH * 
ik OMMeTpy npH noaBoaHTCH <J>a3Hoe HanpHaceHHe, 

yBeanqeHHoe b \/3 pa3 aBTOTpaHC<})opMaTOpoM 8. B pe3yab- 
TaTe npHHHTaa cxeMa oóecneqHBaeT caeayiomHe 3aMep<bi: 

SípH 33MUK3HHHX MeHCAy TpeMH <j*a3aMH Z)l, 


npH 33MbiK3HHax Mextay aeyMH <J>a3aMH • 2 


ilpH ABOHHOM 3aMbIKaHHH Ha 
_ n m U A ^ n m 

~ n H Ia + Mo ~ n H 


3eM3K) C 


4>^0 


Zi l, 


OpraH HanpaBaeHHH 9, BKaioqeHHbiH Ha <J>HHbTp M °m- 
hocth HyaeBoft nocaeaoBaTeabHocTH, npeaHa3HaqeH aaa 
oóecneqeHHH otk ajoqeHHH Toabxo oaHoro MecTa noBpeacae- 
hh a npH abožíhux 33muk3hhhx Ha 3eMaio — yqacTKa c one- 
peacaiomeft noBpeacAeHHofi <J>a3ofi. Ha yqáCTKe c OTCTaiomefi 
noBpeacaeHHofi <j)a30 fi peae 9 npH 7 0 =f= 0 pa 3 MbiKaeT cboh 
K0HT3KTbI H BUBOAHT 33mHTy H3 AeŽÍCTBHH CHHTHeM C Hee 
naioca nocToaHHoro Toxa. Peae HanpaBaeHHH 9 npHHHTO 
THna HM-142, pearHpyiomero Ha u p >i p ccsy p . Ero KOHTaKTbi 
HopMaabHO 3aMKHyTbi noa BaHHHHeM yaepHCHBaiomeH oómotkh, 
BicaioqeHHoli Ha oaHO H3 $a3Hwx HanpnaceHHH (HánpHXce- 
HHe U/ 1). 

BaeMeHT BpeMeHH opraHa BbiaepacKH BpeMeHH ocyme- 
CTBaeH nocpeacTBOM OTaeabHoro peae BpeMeHH 10 THna 
3B-187. B cxeMe Hcnoab30B3HH Bce Tpn KOHTaKTa yKa3aH- 
noro peae. Mepe3 BepxHHH (TaK Ha3WBaeMbiH MrHOBeHHbiň) 
KOHT3KT c BwaepxcKOH BpeMeHH (0,1 -r- 0,2) cex. noaaeTCH 
HanpaaceHHe onepaTHBHoro TOKa Ha nepsyio h BTopyio 
cTyneHb 3amnTbi. yKa3aHHan 3aaep3KKa bo BpeMeHH aeHCT- 
bhh 3 a mu tu HMeeT Ha3HaqeHHe: a)aaTb 803M0MCH0CTb ommct- 
paM 3amHT, ycTaHOBaeHHbix Ha HenoBpeacaeHHbix yqacTKax, 
pa30MKHyTb cboh KOHTa ktu npeacae, qeM óyaeT noaaH hm- 
nyabc Ha uenb OTKaioqeHHH; 6) oóecneqHTb aenCTBHe óao- 
KHpOBKH npH aBOHHbIX 3aMbIK3HHHX Ha 3eMaiO (pa3MbIKaHHe 
KOHT3KTOB peae 9) Ha OTCTaiomeň noBpeacaeHKOH t^a3e, 
npevKae qeM nponaeT HMnyabc Ha uenb OTKaioqeHHH. Cpea- 
HHM (TaK Ha3bIBaeMbIM CK0ab3HlUHM) K0HT3KT0M C03aaeTCH 
BbiaepiKKa BpeMeHH BTOpofi CTyneHH; hhhchhm — BuaepacKa 
BpeMeHH TpeTbefí CTyneHH. CKoab3Hnxnii KOHTaKT 3aMUKaeT- 
ch KpaTKOBpeMeHHo. IIosTOMy oh aeficTByeT Ha BbixoaHoe 
npOMexcyToqHoe peae //, paóoTaiomee no cieMe Ha ř npHaH- 
n,iHHe, noaaaan Ha cboio oÓMOTKy HanpaxceHne qepe3 Bepx- 
Hne KOHTaKTu; c peae 11 CHHMaeTca HanpnaceHHe h oho 
BQ3BpamaeTCH b Hcxoaaoe noaoaceHne ToabKO nocae pi3- 
MbiKaHHH K0HT3KT0B nycKOBUM opraHOM 7. 4epe3 peae 11 
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3amHTa aeftcTByeT Taxace npn paóoTe nepBoft h TpeTbeS 
CTyneHefi. 9to HeoóxoaHMO BBHay HeaocTaToqHoň moiuhocth 
KOHTaKTOB peae BpeMeHH h MaKCHMaabHoro HMneaaHca aan 
HenocpeacTBeHHOro aeScTBHH Ha OTKaKmiomyio KaTyuiKy 
BUKaioqaTean. 

npoMeaíyToqHoe peae 12 cayacHT aaa ^HKcauHH mtho- 
BcHHoro 3 aMepa HMneaaHca bo BTOpoň 30He (4>HKcauHJ! 3a- 
Mepa b nepBOH 30He ocymecTBaaeTCH nonyTHO npOMeacy- 
ToqHUM peae 77, paóoTaiomHM Ha npHannaHHe). Ilpn HeB03- 
mohchocth ocymecTBaeHHH MrHOBeHHoro 3 aMepa bo btopoh 
30He peae 12 H3 cxeMU HCKaioqaeTCH. 

IlpoMeacyToqHqe peae 13 cayacHT aaa noaBoaa k OMMeT¬ 
py HanpHHceHHH h pa3aeaeHHH ueneft nocToaHHoro TOKa. 

B saKaioqeHHe HeoóxoaHMO OTMeTHTb, qTO peae h anna- 
para 5, ó, 7, 9, 10 , 77 h 72 HBasnoTCH oóiuhmh aan Tpex 
<J?a3. npH 3tom aaa oóecneqeHHH HaaeacHoft paóoTu 3amHTbi 
npH nepexoaax oaHoro BHaa noBpeacaeHHH b apyron b pa- 
óoqen cxeMe BBoaHTcn eme npHcnocoóaeHHe, Bceraa noa- 
Boanmee HanpnaceHHH k oMMeTpaM Bcex Tpex <|>a3. 9to 
aocTHraeTcn nocpeacTBOM MHoroKOHTaKTHUx peae 13 THna 
911-400, aonoaHHTeabHo noaaiomHx HanpaiKeHHe na coot- 
BeTCTByiomne OTCTaiourne 4> a3 w ( Ha cxeMe sto He noKa3aHo). 

flencTBHe cxeMU paccMaTpHBaeMoň HMneaaHCHOH 3amHTbi 
CBoaHTCa k caeayiomeMy: 

a) Me)Kay^ a 3Hoe saMUKaHne b 3 amHiixae- 
moh 3 o h e. PaóoTaeT nycKOBOH opraH 7, pa3MUKaa HHMCHHe 
KOHTaKTu h 3aMbiKaa BepxHHe. yaepMCHBaHHe c peae HanpaB- 
aeHHH 2 CHHMaeTca, ho oho ocTaBaaeT cboíi koht3kt 33mk- 
HyTUM, Tax KaK tok noBpeacaeHHH HanpaBaeH ot ihhh b 
aHHHio. PaóoTaeT npoMeacyToqHoe peae 13, noaaBaa hhhchhm 
K0HT3KT0M MHHyC Ha peae BpeMeHH 10 H BepXHHM K0HT3K- 
tom aHHeíiHoe HanpaaceHHe Ha OMMeTp. C BuaepacKOH Bpe¬ 
MeHH 0,1 -r- 0,2 ceK. 3aMbiKaeTca BepxHHH koht3kt peae 79. 
Ecan noBpeacaeHHe npoH30inao b nepBOH 30He, to KOHTaiřTbi 
peae 3 h 4 OMMeTpa ocraiOTCH 33MKHyTUMH. ílosTOMy + OT 
peae 10 qepe3 cpeaHHe KOHTaKTu - peae 13 h koht3Ktu 
peae 3 noaaeTca Ha BUxoaHoe npOMeácyToqHoe peae 11. npH 
noBpeacaeHHH bo BTopoíi 30He OMMeTp nepBOH 30hu 3 mtho- 
BeHHO pa3MbiKaeT cboh koht 3 Ktu. riaioc ot peae 10 no- 
aaeTca qepe3 KOHTaKTu peae 13 h 4 Ha npoMexcyToqHoe 
peae 72. flocaeAHee, paóoTaa no cxeMe Ha npHaHnaHHe, 
$HKCHpyeT HaqaabHoe 3HaqeHHe HMneaaHca, 3aMepeHHoro 
OMMeTpOM BTOpOH 30HU 4 . C BUflepECKOfi BpeMeHH BTOpOH 
CTyneHH (1 — 1,2 ceK.) aeňcTByeT cKoab3HmHft koht3kt 
peae 10. Mepe3 Hero noaaeTCH HMnyabc Ha BbixoaHoe peae 11 
ot peae 72. ílpH noBpexcaeHHH b TpeTbeň 30He oóa oMMe- 
Tpa 3 h 4 pa3MUK3K)T cboh KOHTaKTu. B 3 tom cayqae 3a- 
mHTa paóoTaeT KaK paccMOTpeHHan Buine HanpaBaeHHaa 
MaKCHMaabHaa TOKOBaa; 3aMbixaeTCH iihíkhhh koht3kt peae 
BpeMeHH 10, noaaBaa -f- Ha BUxoaHoe peae 77. 

6) Me«fly$a3Hoe 3aMUxáHHe bh e 3amnma- 
eMOíi 3 o h u. Tok noBpexcaeHHH HanpaBaeH ot aiiHHH k 
uiHHaM. Peae HanpaBaeHHH 2 pa3MbixaeT CBoft koht3kt. 
OnepaTHBHbiH tok Ha cxeMy He noaaeTCH h OHa He aeHCT- 
ByeT. 

b) TlBOHHoe 33MUK3HHe Ha 3eMaw. L Iepe3 3a- 
uiHTy npoTeKaeT 7 0 ^0. B 3amnmaeMOH 30He noBpeacaeHa 
onepeacaiomafl 4>a3a. fleřícTByeT peae MaKCHMaabHoro TOKa 5 . 
Hepe3 ero BepxHHH, 3aMUKaiomHft koht3kt noaaeTCH+Ha 
npoMencyToqHoe peae 6 . IlocaeaHee nepeKaioqaeT noaBoan- 
Mbie k OMMeTpaM HanpsnxeHHH c aHHeaHbix Ha <f>a3Hue h 
pa 3 puBaeT oahh H3 KOHnos, qepe3 KOTopue^noaaeTcn 4-na 
3amHTy. OaHaico peae HanpaBaeHHH 9 ocTaBaneT cboh koh- 
TaKTU 33MKHyTbIMH KaK £0 CHHTHH C HerO yaepHCHBaHHH, 
TaK h nocae 9Toro. 4epe3 hhx noaaeTCH onepaTHBHUH tok 
Ha 3amHTy, h OHa paóoTaeT KaK h npH paccMOTpeHHOM 
Burne cayqae Me>Kayt}>a 3 Horo 33MUK3HHH. Ilpn noBpexcaeHHH 
b 3am,HmaeMOH 30He OTCTaiomeH (})a3bi 3amHTa bubo^htch 
H3 aeHCTBHH nyTeM chhthh c Hee + pa3MUKaiomHMH koht 3 k* 
t 3 mh peae 6 h 9. 

PaóoTa 3amHTU npH aBOHHbix 3aMbixaHHHx Ha 3eMaio 
KOHTpoanpyeTCH óaHHKepoM 77. BbiaepHuca BpeMeHH, c ko- 
Topoň paóoTaeT 3amHTa, onpeaeaneTCH no óaHHicepaM 14, 
15 h 16, ycTaHOBaeHHUM b Kaxcaon H3 Tpex CTyneHefi. 




<I>Hr. IV,69. ripHHUHiiHHJibHSH cxaMa peaKTaHCHofi 3 a luh tu ot 3aMUKaHHH Mencjoiy (|a3aMH. 


£ § 

§ 1 

c3 

1 


HMSA 3/1-7 3g _ 1gA 



vv 

3/1-m 3C-hA MP-15A 

f SCrfkA 

3fjz1eA * 

3fhhA 
r ^°— 

vv- 

3n-lett 1* 
-m-TAlV 

, ^ & 
5 S 

§■§ i" 
<a. § 


3B^13A 

3Í1-1BA 

Aiua 

- 


. 'VWVIr— 

tm 


3T^6 

3/1-7 

AAAAá 

... 

-- 

1 

1 * 
g i 

, 


- 

3/J-8 

aaaaa 

317-8 

3Cj^ g.M O^i. 


4>Hr. IV, 69'. Pa 3 BepTKa nocTOHHHoro Tona ajih cxeMu $nr. IV, 69'. 


PeaKTaHCHaa 3anwTa (4>Hr. IV, 69 h IV, 69'). 

SauxHTa ocymecTBJíeHa KOMÓHHHpoBaHHbiM jxHCTaH- 
Uhohhum peae 1 THna MP-105 (BxoaaiUHe b Hero 
peae Ha 4>hi\ IV, 69 oÓBeaeHH nyHKTHpojn) h HMeeT 
caeayiomee BbinoaHeHHe. 

Ochobhum nycKOBbíM opraHOM flBJíaeTCH peae 
MHHHMajibHoro HMneaaHca la mna MM-111, HMeio- 
ÍU ee Z p m y 3aBHCHMOe OT Be JIHHHHbl TOKa. fljIH 
ÍIOJiyqeHHH yKa33HHOH 3aBHCHMOCTH TOKOBaH OÓ- 
MOTKa peae la BKaioqaeTCH Ha i A qepe3 npoMeacy- 
ToqHbift HacuiuaiomHňcH TpaRCtJiopMaTop TOKa 2a , 
pcTpoeHHbiíi bo BcnoMoraTe^bHoe ycrpoScTBO 2 
THna By-104/1. OÓMoma HanpaaceHHH nycKOBoro 
opraHa BKaioqaeTCH Ha u A b qepe3 npcMencyTOHRUH 

aBTOTpaHC^opMaiop HanpHHceHHH 3 mna By-104/2. 
nocJiejiHHa cayacHT aaa peryaHpOBaHHH xapaKTe- 
PHCTHKH Z p m —f (i p )\ i p ' m m j n ~ 1 A. 

BcnoMoraTeJibHMM nycKOBbíM opraHOM HBJíaeT- 
ch pejie MaKCHMaabHoro TOKa 4 , BKaioqeHHoe Ha 
i A — i B , Kax h TOKOB3H uenb OMMeTpa. UCHOBHOe 
Ha3HaneHHe peJie 4 cboahtch k óaoKHpoBaHHio 
3amHTM npH i A — *£<10 A, Kor.ua norpeuiHocm OM¬ 
MeTpa MP-105 HaqHHaioT npeBocxojurrb aonycmMbie 
npeaeau. TaKHM o6pa30M tokob3h óaoKHpoBKa 
upHMeHneTCH BCJieítCTBHe HecoBepmeHHoa paóoTM 
peae MP-105 npH Majiux TOKax noBpeacaeHHH. 

OpraH HanpaBJíeHHH moiuhocth 5 BbinoaHeH 
ojiHo4)a3HMM peae HanpaBJíeHHH THna MM-142, 
BKJiioqeHHMM no aeBHHOcTorpaaycHon cxeMe. Kax 
h b cxeMe HMneaaHCHoíí 3amHTbi, Hcnojib30BaH ero 

HOpMaJJbHO 3aM«HyTMH KOHT3KT. 

OMMeTp BunojiHeH oahhm pejie MaKCHMajibHoro peaK- 
TaHCa 16 t HMeiOIUHM HOpMaJIbHO 33MKHyTbIH KOHT3KT. Mc- 
nojib30BaHHe OMMeTpa aha nepBon h BTOpoít 3 oh 3amHTLi 
ocymecTBJíHeTca dBTOMamqecKHM H3MeHeHneM ero x p m . 9to 
nocTHraeTCH nepexaioqeHHeM oómotkh HanpnnceHHH OMMeTpa 
KOHTaKTaMH npoMeacyToqHoro peae le m apyrne otbct- 
BJieHHH floóaBoqHoro aBTOTpaHc4iopMaTopa HanpHHcenHH lz. 
BKjnoneHHe OMMeTpa Ha i A — i B ( k oaHoft oómotkc noflBO- 
AHTCH i A h k apyrt^H i B ) h u AB oóecneqHBaeT npn Bcex 


BHUaX 3aMblK3HHH MeHCfly $a3aMH npHÓJIH3HTeJIbHO OAHHa- 
KOBbiH 3aMep peaKTaHca x p ^ ~^*XyL 

B KaqecTBe aaeMeHTa BpeMeHH opraHa BbiaepacKH Bpe* 
MeHH cjiyncHT peae BpeMeHH Id mna 3B^187. Hepe3 ero Bepx- 
HHň ' KOHT3KT, paÓOTaiOlUHH C BHflepHCKOfí BpeMeHH 0,1 -r- 0,2 
cex., no^aeTCH HanpnnceHHe Ha npoMeacyToqHoe peae le t npo- 
H3BOflHmee nepeKaioqeHHe uenn HanpHHceHHH^OMMeTpa. Floa- 
TOMy npH noBpeiKaeHHH b nepsoň 30He 3a yKa3aHHoe BUine 
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BpeMH aojixcho ycneTb cpačoiaib Ha npHJiHnaHHe np oMe- 
HcyTo^Hoe peae le , (JwKCHpyiomee AencTBne 3amHThi. fljiw 
ycKopeHHH aohctbhh peae le BKJiioqeHO no cxeMe c (jiopen- 
pOBKon. Ee cymHOCTb cboahtch k aieayiomeMy. Peae bh- 
ÓHpaeTcn Ha HOMHHajibHoe HanphHceHHe, MeHbinee HOMHHajib- 
Horo HanpsoKeHHH onepaTHBHoro TOKa. riocjieAOBaTejibHo c 
ero oóMOTKofl BKjnoqaeTca AoóaBoqHoe aKTHBHoe conpoTHB- 
jieHne lote , oóecneqnBaiomee óojiee óbiCTpoe HapaciaHHe 
TOKa b oÓMOTKe peae nocae ee BKJiioqeHHH noA HanpaaceHHe. 
06a yKa3aHHbix MeponpnHTHH yMeHbmaioT coĎCTBeHHoe 
BpeMH AeficTBHH peae. CpeAHHH CK0Jib3amHH KOHTaKT peae 
BpeMeHH caymiT ajih C03aaHHH Bwaep^KH BpeMeHH BTopoft 
CTyneHH. Ee BeanqHHa BHe 33 bhchmocth ot CTyneHH M, 
npHHHTOH npH noaóope xapaKTepucTHK, He MoaceT 6wTb 
MeHbine npHMepHol cex. yKa3aHHoe BpeMH oóycJioBJíHBaeTca 
ÓOabfflHM COÓCTBeHHWM BpeMeHeM B03BpaTa KOHTaKTa 0M-* 
MeTpa 16 b HcxoAHoe nojio^eime nocae H3MeHeHHH ero x p 
Hhmchhm kohtqktom co3AaeTca BHflepHoca BpeMeHH TpeTbeíi 
CTyneHH. 

Peae MaKCHMaabHoro TOKa 6, BKJiioqeHHoe Ha $nabTp 
tokob HyaeBoíi nocjieAOBaTejibHOCTH, cayacHT ajih BbiBeae- 
hhh 3 amHTbi H3 ashctphh npH 3aMbiKaHHHx Ha 3eMaio noc- 
peacTBOM npoMeacvToqHoro peae 7. Taxan óaoKHpOBKa b 
paae cayqaeB 6wBaeT HeoóxoAHMa, Tax k3k npn 3aMbucaHHax 
Ha 3eMaK> Me}KAy$a3Hbie peaKTaHCHbie 3aiuHTbt HenoBpeac- 
AeHHbix $a3 MoryT paóoTaTb HenpaBHabHO, ecan noAencT- 
ByeT hx nycKOBoň opraH. 3to BW3HBaeTCH TeM, hto 3aMepw 
peaKTaHCOB oMMeipaMH h Bbióop HanpaBaeHns opraHaMH 
HanpaBaeHHa moiahocth b HenoBpe^KaeHHbix (j)a3ax óuBaiOT 
HenpaBHabHbíMH. 

npoMencyToqHoe peae 8 HBaqeTcn bhxoahmm, oóiuhm 
ajih Tpex 3amnTbř. Ero coócTBeHHoe BpeMH aaeT bo3- 
MOHCHOCTb CBOeBpeMeHHO CpaÓaTWBaTb BHyTpeHHHM ÓJIOKH- 
poBKaM 3amHTM. KpoMe Toro oho oóaerqaeT paóoTy koh- 
T 3 KT 0 B ocHOBHbix peae cxeMW, He paccqHTaHHbix RJiH Heno- 
cpeACTBeHHoro achctbhh Ha BHKaioqaTeab. 

Ha3HaqeHHe npoMeacyToqHoro TpaHC(J)opMaTopa TOKa h 
KOHA eHcaTopa, BCTpoeHHHX b ycTpoHCTBO 2 h BKaioqaeMbix 
b uenb HanpHHceHHH oMMeTpa, paccMOTpeHO Btirne (cm. 
ra. IV, § 5). 

HeoóxoAHMo oTMeTHTb, qTO Ha cxeMe He noKa3aHa 
óaoKHpoBKa OTCTaiomen <J>a3H npH 33MbiK3HHHX Meacay aeyMH 
4>a3aMH. Bo3MO}KHbiH BapHaHT ee BbinojraeHHH — CM. 
$nr. IV, 65. 

fleficTBHe cxeMbi peaKTaHCHOH 3amHTH cboahtch k cae- 
AyiomeMy. 

a) 3aMiiKaHHe m e ac a y ^ a 3 a m h b 3 a m h m a- 
e m o h 3 o h e, PaóoTaioT nycKOBoň opraH MHHHMaabHoro 
HMneaaHca la h óaoKHpoBoqHoe peae 4, 3aMHKan cboh 

BepXHHe K0HT3KTbl H pa3Mb(KaH HHHCHHe. HHHCHHM K0HT3KT0M 
peae 4 CHHMaeTCH yaepacHBaHHe c peae HanpaBJíeHHH 5; 
0AH3K0 OHO OCTaBaseT CBOH K0HT3KTbI 33MKHyTblMH, TaK K8K 
tok noBpeacAeHHH HanpaBaeH ot uihh b jihhhio. Pa3MbiKa- 
HHeM KOHTaKTa peae la noaaeTCH HanpHHceHne Ha oóMOTKy 
HanpHHceHHH OMMeTpa 16. ÉcaH noBpeacAeHHe npoH3omao 
b nepBoft 30He 3amHTH, oMMeTp ocTaBaneT cboh KOHTaKTbi 
33 MKHyTbiMH. HMnyAbc nocTOHHHoro Toxa noAaeTCH qepe3 
peae la t 4 9 5, 7, le, 16 Ha npoMeacyToqHoe peae le. ÍIoc- 
aeAHee npHannaeT, h 3amHTa AeficTByeT qepe3 BbixoAHoe 
peae 8. ílpn noBpeiKAeHHH bo BTopoil 30He KOHTaKTbi OM¬ 
MeTpa MrHOBeHHo nocae noAaqn na Hero Hanpq»eHHH pa3- 
MUKaioTcq c BUAepHCKoft BpeMeHH 0,1 -4- 0,2 ceK.; MrHOBeH- 
hmíí KOHTaKT peae BpeMeHH AeficTByeT Ha npoMeacytoqHoe 
peae le. ílocaeAHee nepeKaioqaeT oóMOTKy HanpnaceHHH OM¬ 
MeTpa Ha Apyrne OTBeTBaeHHH aBTOTpaHCíJjopMaTopa Iz. Peax- 
t3hc TporaHHH OMMeTpa yBeaHqHBaeTCfl h oh bhobb 3aMu- 
KaeT CBOH KOHT3KTbI. C BblAepHCKOli BpeMeHH BTOpoň CTyne¬ 
HH cpaóaTUBaeT. cKoab3nmHH koht3kt peae Id, noAaBan 
naioc qepe 3 peae 16 Ha npOMeacyToqHoe peae le. 3amHTa 
AeňcTByeT. npH noBpencAeHHH b TpeTben 30He, HecMOTpn Ha 
H3MeHeHne peaKTaHca TporaHHH, ommctp koht3ktob He 3a- 
MMKaeT. ŠamHTa paóoTaeT noAOÓHO HanpaBaeHHoň m3kch- 
MaabHOH tokoboíí c BibiAepncKOH BpeMeHH TpeTteft CTyneHH, 
AaBaeMOH hhhchhm koht3ktom peae ld. 


6) MeHCAy<j>a3Hoe 3aMbiKaHHe BHe a a m h- | 
maeuofi 3ohh. Peae HanpaBaeHHH 5 pa3MbiKaeT CBoň í 
KOHT aKT. OnepaTHBHWH tok Ha 3amHTy He noAaeTCH h ohs j 
He AeňCTByeT. i 

B)3aMUKaHHe Ha 3eMaio b 3amHmaeM0Hi 
30He Han BHe ee. fleHCTByeT peae MaKCHMaabHoro to- 
Ka 5 , CHHM3H nocpeACTBOM peae 7 onepaTHBHWH tok co > 
cxeMbi. 3amHTa He cpaóaTWBaeT. 1 

PaóoTa samHTbi b ueaoM KOHTpoanpyeTCH óaHHKepoM 9 .. 
BwAepacKa BpeMeHH a^Uctbhh 3 amHTW onpeAeaneTCH no 
óaHHKepaM 13, lu, 1 k , BKaioqeHHbíM b KaacAyio H3 cTyneHeíl 
cxeMbi. 

Bblíne óbiAH npHBeaeHbí cxeMbi ToabKo aah oahoh 4>a3bi, 
npnqeM Aan peaKTaHCHOH 3amHTbi ToabKo b qacTH 3aiuHTi>i 
ot 33 MbiKaHHH MeHCAy $a 3 aMH. He 6 biaH npHBeACHbí TaKme 1 
HeKOTOpbie óaoKHpoBKH, HanpHMep, óaoKHpoBKH, npeAOT- 
Bpamařomné HenpaBHabHoe AencTBHe 3amHT npH KaqaHHax. 
OAH3KO Ha OCHOB3HHH paCCMOTpeHHH TOabKO A 3 HHbIX CXeM 
mohcho npHTTR k BMBOAy, qTO HopMaabHwe Tpex4)a3Hbie 
AHCTaHUHOHHwe samHTbi BecbMa caoxcHbí h TpeóyioT aji« | 
cBoero ocymecTBaeHHH oqenb óoabinoro KoanqecTBa peaew- i 
Horo oóopyAOBaHHíi. IlosTOMy b nocaeAHee BpeMH bcactch 
paóoTa b HanpaBaeHHH npHMeHeHHH pa3Horo pOAa ynpomeH- 
HblX exeM, npHHUHnbl nOCTpOeHHH KOTOpbIX ÓbiaH paCCMOT- 
peHU Butue. 

16. yCTPOflCTBA nPEflOTBPAIU.EHHÍI HE11PA- 

BHJlbHOrO flEflCTBHfl flHCTAHUHOHHOft 3AmHTbl 
nPH HAPyiUEHHÍIX UEnEfl HAnPflWEHHfl 

npH HC>ie3HOBeHHH HanpaMCCHHň, nOABOAHMHX 
OT H3M6pHT6JIbHUX TpaHC^OpMaTOpOB HanpHMCe- 
HHH, HAH HCKaaceHHH HX BeKTOpHOň AHarpaMMW 

AHCTaHiiHOHHaa 3amHTa MoxceT HenpaBH/ibHO no- 
AeŘCTBOBaTb. Tax, HanpHMep, npn 3HaHHTeAbHOM 
noHHHceHHH HanpaaceHHH Ha 3aacHMax peaKTaHCHofi 
3 am,HTbi, HMeiomeň HMneAaHCHbifl nycKOBoň opraH, 
nocAeAHHft no^eftcTByeT, Tan KaK HMeeT i p . m MeHb- 
me paĎonero Tona. B pe3yAbTaTe 9Toro Henpa- 
BHAbHO CpaÓOTaeT C BHAepHCKOň BpeMeHH OAHOň 
H3 CTyneHeň h bch AHCTaHU,HOHHaa 3amHTa, npo- 
h3boah OTKJiioneHHe HenoBpeMcaeHHoň abhhh. 

OCHOBHMMH npHHHHaMH, BbI3UBai0mHMH HCHe3- 
HOBeHHe HanpHHceHHň hah HCKaxceHHe hx BeKTop- 
Hofl AHarpaMMH npn HopMa^bHofl paĎOTe 3autH* 
maeMofl CHCTeMu, hbahiotc.h: 

1) neperopaHHe hah oópwB uenn npeaoxpa- 
HHTeAeň, ycTaHOBAeHHux Ha CTopoHe hh3koto 
H^H BHCOKOrO HanpHHCeHHH H 3 MepHTeAbHHX TpaHc- 
(J)OpMaTOpOB HanpHHCeHHH; 

2) HapymeHHe ueneň ifli3Koro HanpaaceHHH Ha 
BcnoMoraTeAbHHx KOHTaKTax pa3i>eAHHHTe^eň, 
aepe3 KOTopbie ohh oóhhho 3aBOA«Tca, npn Ha- 

AHHHH ABOflHOfi CHCTeMH mHH H COOTBeTCTBeHHO 
AByx rpynn TpaHC(|)opMaTopoB HanpaaceHHH; 

3) HapymeHHe ueneň Ha xaeMMHbix cóopKax, 
b coeAHHHTeAbHbix npoBOiiax H T. a. 

B pe 3 yAbTaTe npHXOAHTca caHTaTbca c Hapy- 

meHHeM ueneň b OAHoň, AByx h Tpex (J>a3ax. 

Aah cHCTeM HanpaaceHHeM 110 kV h Bume 
npaKTHaecKH Bce B03tóoacHbie MecTa HapynieHHů 
ueneň HanpaaceHHň pacnoAoaceHbí Ha btophuhoS 
CTopoHe TpaHc4>opMaTopoB, TaK Kax npeuoxpa- 
HHTeAH Ha hx CTopoHe BMCOKoro HanpaaceHHH 
He ycTaHaBAHBaioTca. B CHCTeMax HanpaaceHHeM 
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35 kV h HHHce npHXOAHTca Taime yuHTbiBaTb 
HapymeHHe ueneň co CTopoHbí BucoKoro Hanpa- 
aceHHa. 

K ycTpoftcTBaM, KOHTpoJiHpyioiuHM cocTosume 
ueneň HanpaaceHHa 3am.HT, npeA^HB^iaiOTCa oie- 
nyioiuHe ocHOBHbie TpeéoBaHHa: 

1. /locTaToaHo BbicoKaa ayBCTBHTe^bHocTb, 
oóecneqHBaiomaa HaaeacHoe ueficxBHe yerpoň- 
ctb 3 npH Bcex ochobhhx onacHbix jiaa 3amHT 
c^yaaax HapymeHHH ueneň. 

2. ABTOMaTHaecKoe BUBeuemie H3 ueňcTBHH 
Tex 3autHT, KOTopue npn HapymeHHH ueneň 
aeňcTByiOT HenpaBaabHo, nasce npn HopMa/ibHOň 
paóoTe 3amnmaeMoň CHCTeMbi; BpeMa neňcTBHH 
ycTpoficTBa ao^ihcho 6 uTb npn 9 tom MeHbrne 
Bp6M6HH HeňCTBHH 3aiUHTH. ABTOMaTHHeCKOe BM- 
Be^eHae H3 nefiCTBHH ajm TOJibKO cnrHa^iH3auna 
AJia 3amHT, KOTOpbie MoryT HenpaBH^ibHO no^efl- 

CTBOBaTb To^ibKo npH HapymeHHH Hop- _- 

MajibHoro pexíHMa paóoTu b 3 aiumua- -■ 

eMoft CHCTeMe; óucTpoTa ncficTBHH ~ 

ycTpoflcTBa npn stom Heo6a3aTeabHa. 


TpaHC(J)opMaTOpa HanpaHceHHa. ABTOMaT HMeer 
HOpMaJIbHO 3aMKHyTHe KOHTaKTbl,, qepe3 KOTOpbie 
3aBeueHa ijenb onepaTHBHoro tokb 3amHTbi. řípu 

KOpOTKOM 38MbIKaHHH BO BTOpHqHblX IjeiIHX Ha- 
npjDKeHHH aBTOMaT cpaóaTbiBaeT h CHHMaeT no- 
CTOHHHbiň tok c 3am,HTbi, npe^Kue qeM OHa 
ycneeT no,uaTb om/iioqaiomHH HMnyjibc. Abto~ 
MaTbi rojielhm HMeTb Haue^Hbie BcnoMoraTejib- 
Hbie KOHTaKTbl.^ ripHHE[HnnaJIbHbIM He^OCTaTKOM 
AaHHoro ycTpoflcTBa HBjíneTCH to, hto oho He 

MOMCeT BblBOUHTb 3aiIJHTy H3 AeftCTBHH npH OĎpbI- 
Bax BO BTOpHqHbIX IjenflX. 

CxeMa Ha 4>Hr. IV, 72 ocymecTBjíeHa cneuHaJibHbíM pejie 
MHHHMaJibHoro HanpswceHHH, pearnpyiomHM Ha njioma^b Tpe- 
yroabHHKa JiHHenHwx HanpHHceHHH. npHHUHnHaJibHaa cxeMa. 
TaKoro pejie HHflyKUHoHHoro rnna npHBeueHa Ha Aur. IV, 73, 
K ojihoh H3^ oomotok no^Bo^HTCH U AC , k jrnyroň — UrC' 
SpautaiouíHH momcht bcakoh HHflyKUHOHHoft chctcmh M e „ - 
s i° v&a> ®b)* 3aMeHHH & A n npHMepHO npo~ 
— ji nopUHOHajibHUMH HM U AC h U BC > a 

( j Taioice npHHHMan bo BHHMaHne, hto 
- f— ■■■ •C ^(^A» ®b)~^(UaC> Ubc) Omh BbipaBHH- 


Kcxem 

sauiumt* 


BmoDWH. flpedaxpa/utm • 
oaM.mp-pa. 


Hetmdb/e 

jjamtt 



4>Hr. IV, 70. yCTpOHCTBO &Jin KOHTpOJIH 4>HT. IV, 71. y CTpOHcTBO gJlfl IV, 72. yCTpOHCTBO flJIH koh- 

HcnpaBHOCTH ueneM HanpHHceHHH no- kohtpo^h HcnpaBHOCTH nenen TpojiH ueneň HanpHHceHHH nocpejicTBCMJ 

cpeacTBOM HeoHOBbix JiaMn. HanpHHceHHH nocpeítCTBOM 3 bto- pe^e MHHHMajibHoro Hanp5DKeHHH P 

Maia, CHaÓHceHHoro BcnoMora- pearHpyiomero Ha n^oiua^b Tpe- 

TejIbHblMH KOHTaKTaMH yfOJIbHHKa JlHHeHHWX HanpHHCeHHH. 


3. HepearHpoBaHne Ha HCKaaceHne HanpajKe- 

HHň, oóyc^ioB^eHHoe B03HHKH0BeHHeM noBpexcAe- 

hh8 b 3amHmaeMoň CHCTeMe. 3 to Tpe^ofiaHHe 

OTHOCHTCH K yCTpoňCTBaM, aBTOMaTHHeCKH BblBO- 

ahhihm H3 paĎOTH 3amHTu, AeňcTByiomHe npH 
HapymeHHH ueneň HeMe^^eHHo. 

CyiuecTByioiuHe b HacTonmee BpeMa cxeMu 
yerpoficTB ocHOBaHbí Ha KOHTpo^ie HanpaaceHHň, 
nOABOUHMHX K 3aH(HMaM 3aiUHTbí. OCHOBHbie THflbl 

hx npHBeneHU Ha d)Hr. IV, 70, IV, 71, IV, 72 
h IV, 74. 

CxeMa Ha 4>m\ iv,70 couepacHT Tpn hcoho- 
Bbie jiaMnbi, BKmoueHHbie Ha ^HHeflHbie HanpHHce- 
hhh. npa HapymeHHH ueneň cooTBeTCTByiomHe 
^iaMnbi noTyxaiOT. Jl^a yuoB^eTBopHTejibHoro 
ueňcTBua cxeMbi uojixcHbí noAĎHpaTbca ^aMnbi c 
bhcokhm HanpaaceHHeM noTyxaHHa. CxeMa uaeT 
TO^ibKO onTHuecKHfi KOHTpo^ib Ha^HHHH Hanpa- 
JKeHHH. 

CxeMa Ha <fmr. iv,71 couepacHT MaucHMa/ib- 
Hbiň 3BTOM3T, 3aMeHHiomHň n^iaBKue npeuoxpa- 
HHTeaH bo BTopHHHOfl uenu H3MepuTe^bHoro 


B3HHH 3THX yrJIOB H CnOJIí>3y IOTCH TaKlKe rdoč), nO,iy'!HM 
M ep — k • U AC • (J B c.sin (U AC , U B c)- rijiomaflb rpe- 
yrojibHHKa JiHiieftHbix HanpnaceHHft S = 0,5 U A c ’ ^scX 
Xsin Z.{U A c> U B c). noaTOMy OKOHqaTeJibno Cy^eM HMeTb, 
hto M ep — W -5. npn ofipbiBe oflHoft H 3 <t»a3 njiomaflb Tpe- 
yrojibHHKa HanpaiKeHHH 3 Ha^HTeJibHO yMeHbmaeTca, npH 06 - 
pbiBe flByx h Tpex $a3 flexaeTCH pasHoft Hyxio h peae cpaóa- 
TbiBaeT. flo CBoefl qyBCTBHTeabHOCTH aaHHaíi cxeMa HBaaeTca 
OflHoíi H3 Ha h jiy l i iiihx. OxHaKO OHa mohcct 6 uTb peKOMenao- 
BaHa ToabKo flJia cnrHaaH3auHH hjih 3aMeaaeHnoro aBTOMa- 
THaecKoro BUBeaeHHfl H3 fleňCTBHH c BpeMeHeM, óoabuiHM 
MaKCHMaabHoro BpeMeiiH AeňcTBHa 3aiuHTU. JXjm 6 ucTporo 
aBTOMaTHHecKoro BMBefleuHa H3 AeňcTBHa 3aiunTbi cxeMa 
HenpHroAHa, Tax ksk OHa pearnpyeT Ha Bce H3MeHeHna Tpe- 
yroxbHHKa HanpaxceHHii, Bbi3BaHHhie no b pe> kA e hhhmh b 3a- 
iHHiuaeMoA CHCTeMe. 

B cxeMe na 4> Hr * IV, 74 i OKOBoe pe^e bk^iio- 

uaeTCH Hepe3 Rdoe Ha <J>H./ibTp Hy^eBoň nocíieno- 

BaTejIbHOCTH. 

JXji h 9to 8 ace uejin MoaceT 6biTb Hcno^ib30BaH 
npoMeacyTOHHbifl TpaHC(|)opMaTop HanpaaceHHH c 
coeflHHeHHeM oďmotok 3Be3ua-pa30MKHyTbiň 
Tpeyro^ibHHK. npH oópbiBe ouhoů h ub yx <f> aa 
cxeMa oS^auaeT uocTaTouHOň uyBCTBHTe^bHocTbio; 
npH oĎpbiBe Tpex $a3 He ueňCTByeT. Mokct 
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*£nr. IV.73. ÍIpHHUHn jieHCTBH# pejie HanpHHceHHH, 
pearnpyioiuero Ha naomaflb TpeyrojibHHKa jiHHefi-. 

HbIX HanpHHCeHHH. 

2 — npiiHUHmia^bHaa cxeMa; 6 — ynpomeHHaa BeKTOpHaa ana- 
rpaMMa. 



4>Hr. IV, 74. y CTpoHCTBo flflfl KOHTpojia uenefi HanpflaceHHa, 
ocymecTBaeHHoe nocpeacTBOM peae ToKa, BKJiioqeHHoro Ha 
$HjibTp Hy.ieBoft nocaeflOBaTeJibHocTH. 

17. nOBEHEHHE flHCTAHUHOHHOÍi 3AUI.HTbI nPH KA- 
HAHHflX H BblXOUE H3 CHHXPOHH3MA IIAPAJI- 
JIEJIbHO PABOTABUIHX CHHXPOHHblX MAUIHH 


HTb Hcncwib30BaHa ajih MrHOBeHHoro BUBe^eHna 
Me)Kay4)a3Hbix 3amHT, Tax Kax npn 3aMbiKaHnax 
meacay <J>a3aMH HanpHXceHne HyjieBoň nocaeaoBa- 
TeabHocTH oTcyTCTByeT. HeaeňCTBae cxeMH npn 
«C4e3HOBeHHH HanpaxceHHa b Tpex ^)a3ax ajih 
3amHT, cHáóHceHHux opraHaMH HanpaBJíeHHa, mvie- 
JOIUHMH pa30MKHyTbie KOHTaKTU npn OTCyTCTBHH 
HanpaKeHHH, HenocpeacTBeHHoň onacHocTH ne 
upeacTaBaaeT: iienb onepaTHBHoro Toxa 6yaeT 
pa3opBaHa Ha hx KOHTaKTax. OaHaKo b btom cay- 
aae HeoĎxoanMa ycTaHOBKa AonojiHHTejibHoro 
•CHrHaabHoro ycTpoflCTBa. 

B 3aKaK)HeHHe HeoSxOAHMO OTMeTHTb, HTO 
VCTaHOBKa yCTpoňCTB, aBTOMaTHHeCKH ÓaOKHpy* 
lomHx 3amHTy, npaKTHaecKH Heo6xoanMa ToabKo 
ajih cxeM c nycKOBHMH opraHaMH MHHHMaabHoro 
aMneaaHca. 3amHT, HMeiomiix tokobhA nycx 
UH XOTH 6bl TOKOByiO ÓJIOKHpOBKy (CM., HanpH- 
Mep, (Jwr. IV, 69), b uejiax ynpomeHHH Bnojrae 
aonycTHMO orpaHHHHBaTbca ycTpoňci^BOM 3Byxo- 
Boň CHrHaaH3au;HH. 

SKCnJioaranHOHHbiB onwT noKa3aa, hto ycTpoňCTBa 
Tuna, H3o6pa)«eHHoro Ha ([wr. IV. 74, He Bcecaa ycneBaioT 
C.ioKHpoBaTb 6ucTpoaeScTByiomHe 3a mu tm. 3to o6i>flc- 
HiieTca b ochobhom OTHOCHrejibiio MeJUiemibíM neperopa- 
HHeM npeflOxpaHHTeaeft npn Hečoabumx upaTHocTHx tokob 
KOpOTKOrO 3aMblKaHHfl BO BTOpHHHbIX U,enflX. TaKHe HeĎOJIb- 
inne KpaTHocTH MoryT HMeTb MecTO npn 6oJibmoň aJiHHe 
BTopaiHofl uenH ao peaeiíiioro mHTa, BunoJiHeHiioň Kaóe- 
jie.u Maaoro ceqeHHH, h npn ycTaHOBKe npeaoxpaHHTeaeft 
Ha 3Ha<iHreabHbie tokh, HanpHuep, npH óojibmoň Harpy3Ke 
TpaHC^opMaTOpoB HanpHxceHHH. B pesyabTaie 3amnTa ycne- 
BaeT cpaóoTaib óucTpee, qeM peae ďjiokhpobkh. Haa ycTpa- 
HeHHfl 3Toro HeaocTaTKa npeaoxpaHHTean 3aMeHíiioTca 6u- 
CTponeflcTBytomHMH MaKCHMajibHbíMH aBTOMaTaMH hjih co- 
npoTHBaeHHH R d ^ 6 BbiÓHpaiOTCH HepasHoň BeaHiHHM [JI. 9]. 
.B 3 tom cayqae OjioKupoBKa HaqiiHaer aeftcTBOBaTb HeMea- 
.neiiHo no BC3iniKHOBeHi-.il KopoTKOro 3aMbiKaHHfl eme ao 
Toro, Kaa neperope.iH npeaoxpaHiiTe.iH. ! 

HaHfíojibuiee pacnpocTpaHeHHe H3 paccMOT- 
peHHbix cxeM nojiyanjia b Hacroamee BpeMH 6 jio- 
KHpoBKa no <t>Hr. IV, 74, AonojmaeMaa hjih yToa- 
HaeMaa b cjiyaae h6o6xoahmocth b cootb6tctbhh 
c npHBeaeHHbíMH Bbiuie AaHHbíMH. 
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Bo3HHKHOBeHHe K3MaHHň B CHCTCMe HJIH Bbl- 
xoa oTAeJibHbix ée nacTefl H3 chhxpohh 3M3 xa- 
paKTepH3yioTCH noaBJíeHHeM b jihhhhx ypaBHH- 

TejIbHHX TOKOB. Hx BCJIHHHHbl H3M6HHK>TCa BO 

BpeMeHH c onpeaeJieHHoň nepHOAHHHocTbio, onpe- 
aejiaeMoň nepnojioM KaaaHHň T. OjiHOBpeMeHHo 
C TOKOM KOJieĎJUOTCa BO BpeMeHH H BejIHHHHbí 
HanpaHceHHň b pa3JiHHHbix TOHKax ceTH (cm. tji. I, 
§ 10 ). 

JUjih BbiacHeHHa noBejieHHH npn KaaaHnax 
AHCTaHUHOHHOfl 3aHtHTbI AOJIlKHa 6bITb paccMOT- 
peHa paĎOTa OTAeJibHbix pejie chctcmm. rioBejie- 
Hne- npn KanaHHax pejie MaKCHMajibHoro Tona 
6bijio paccMOTpeHO b tji. II, § 17. FIosTOMy 3Aecb 
pa36HpaeTca TOJibKo paóoTa HMnejiaHCHbix pejie, 
Hcnojib3yeMbix b KanecTBe nycKOBbix opraHOB h 
OMM eTpOB, H paÓOTa peaKTaHCHbIX OMMeTpOB. 

MMneAaHCHoe pejie. 3 to pejie pearHpyex Ha 

BTOpHHHblfi (JíHKTHBHblň HMnejiaHC, paBHblň OTHO- 
uieHHio HanpaxceHHa h TOKa, noABOAHMUX k ero 
3axcHMaM. noaTOMy AežCTBHe Taxoro pejie npa 
KaaaHHax onpejiejiaeTca oTHomeHHeM HanpaiKe- 
hhh h TOKa Ha 3amnmaeMo3 jihhhh, H3MeHaio* 
iHHXca corjiacHO 4>Hr. 1,25 h 1,26. FIpHMepHaa 
33BHCHM0CTb z p ot yrjia S MeMCAy BeKTOpaMH 
a. a- c. xaaaiomHxca MauiHH ajih ToaeK M, N, W 
jihhhh npHBeAeHa Ha <Jmr. IV, 75. 

MHHHMajIbHyiO BeJIHHHHy Z p HMeeT B TOHKe, 
Ha3HBaeMOň SJíeKTpHHeCKHM ueHTpOM CHCTeMbl. 

npH yrjiax 5, 6jih3khx k 180°, b ajieKTpHnecKOM 
ueHTpe (TOHKa k ) s p , xax h HanpaHceHHe, ct3ho- 
bhtch paBHbíM Hyjiio. C y^ajieHneM paccMaTpH- 
BaeMOň tohkh jihhhh ot sjreKTpHqecKoro U,eHTpa 
B03MO)KHbie noHHxceHHa HMneAaHca b Heft npH 
KaaaHHHx cooTBeTCTBeHHO yMeHbmaiOTCH. 

HMneAaHCHoe pejie AefiCTByeT b tom cjiyaae, 
ecjiH conpoTHBJíeHHe Ha ero 3a*HMax noHHHcaeT- 
ca ao BeAHHHH, paBHbix kah MeHbiiiHx ero Zp, m. 
XapaKTepHCTHKH peAe, HMeiomHx nocToaHHbiň 
Z p . m He 3aBHCamHfl OT i p , H306pajKai0TCH Ha 
$Hr. IV, 75 b bhag npaMHx napaAAeAbHbix och 
aĎciiHCC. ripHHHMaa b KaaecTBe aacTHoro CAyaaa 
HMneAaHCbi TporaHHa ajih pejie, ycTaHOBAeHHUx 






B TOÍKaX M, W, /V, OflHHaKOBHMH H paBHblMH 
Zp.m, mohcho caejiaTb buboíc, hto npn KaqaHHflx 
óyayT npHxojiHTb b aeftcTBHe TOJibKo pe^e Ha 
noacTaHUHH W. 

BpeMH t ai b TeqeHHe KOToporo MrHOBeHHoe HMneaaHo 
Hoe pejie HaxoflHTca npH Ka^aHHHx b cpačoiaBuieM coctoh- 
hhh, onpeAejiHeTCH Ha ocHOBaHHH kphboh, Bbipaitfcaiomeťf 
3 aBHCHMOCTb Z p OT BpeMeHH ((jíHT. IV, 76). řípu COÓCTBeH- 
hom BpeMeHH fleficTBHH, paBHOM Hyjiio, peae cpaóaTWBaeT b 
MOM eflT t 3 , cooTBeTCTByloiJUHH z p = z p . m \ peae B 03 pamaeTca 

B HCXOflHOe ITOJlO^íeHHe B MOMeHT t p , COOTBeTCTByiOmHH 
Z p = Zp. 0. TaKHM 06pa30M t a =t p — t 3 . ripH COÓCTBeHHOM 
BpeMeHH cpaóaTbiBaHHH t cp h BpeMeHH OTxo.ua t orn cootbct- 
CTBeHHo noayqaeM: 

ta — t p t cp t 3 -f- t orfv 

Ecjih paccMaipHBaeMoe HMrieaaHCHoe peae HBJíaeTCH nycxo- 
BbíM opraHOM, 3 amHTa b TeneHHe Kaacaoro nepnoaa oxa- 
HceTca 3anycKaeM0H Ha "ÉpeMH t a . Ecjih hm neaaHCHoe peae 
npeAdaBJífleT oMMeip opraHa Bbiflep>KKH BpeMeHH, nocjiea- 
hhh HenpaBHJibHo no^eHCTByeT npn ydaBKe t^t a . 

PeaKTaHCHoe pejie. PeaKTaHC Ha 3áxcHMax pe^ie 
x p no^yHaeTCH yMHOHceHHeM z p Ha sin rio;iy- 
^aiomnecH 3aBHCHMocTH x p ot yivia d Mewjxy 

BeKiopaMH KaqaiomHXCH MauiHH jvin pa3JiHHHbix 

To^ex ajieMeHTapHOH cera jxaHbí Ha <|>Hr. IV, 77. 
Ohh BepHbí RJin cxeM bk./iiohchhh OMMeTpoB 
Ha (})a3Hbie HanpjoKeHHa h JivmePiubie tokh hjih 



4>nr. IV, 76. rpaijmqecKoe onpejieaeHHH BpeMeHH, b TeqeHHe 
KOToporo HMneaaHCHoe pejie b npoaoaHceHHe unKJia icaqa- 
HHŽ HaXOflHTCH b cpaóoTaBiiieM coctohhhh. 



4>nr. IV, 77. 3aBHCHM0CTb peaKTaHca Ha 3a>KHMax peae ot 
yraa 8 npH KaqaHHHX. 

jiHHeflHbie HanpaxceHHH h pa3H0CTH /tHHefiHbix 
tokob. B apyrnx cxeMax 3a cneT b^hhhhh sin <f p 
MOHceT ébiTb apyroft xapaxTep 33 bhchmocth 
x p ot yrjia 8. Kax c/teayeT H3 npHBe.a,eHHOž una- 
rpaMMbi, x p H3MeHHK>TCa bo Bcex TOHKaX ceTH B 
BecbMa mnpoKHx npe.ne.nax, npoxona nepe3 Hy- 
jieBbie h OTpHuaTe^bHbie 3HaneHHH. Heo6xoAHMO 
yHHTbIBaTb, HTO ÓOJIbHlHHCTBO COBpeMeHHbIX peaK- 
TaHCHUx opraHOB BbuiepHCKH BpeMeHH (HanpHMep, 
paccMOTpeHHoe Bbirne pe/te MP-105 X3M3, 
$ht. IV, 12 h <Jmr. IV, 69) np« OTpnuaTe^bHwx 
Be^HHHHax peaKTaHcoB nefiCTByioT Tax ace, xax 
h npn peaxTaHcax, paBHbix Hy/tro, t. e. co Bpe- 
MeHeM nepBOň ctyneHK. 
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H3 SToro CAeAyeT, hto peaKTaHCHue pe^ie 
3HaHHTe^ibHO óojiee noABepjKeHH babhhhio Kana- 
hhS, HeM HMneAaHCHue. řípa AefiCTBBB nycKOBHX 
OpraHOB OHH MOryT BbI3B3Tb OAHOBpeMeHHOe He- 
npaBH^bHoe AeficTBBe 3aiu,HT b pswe Aa*e Becb- 
Ma yAa^eHHbix Apyr ot APyra tohck 3amamae- 
MOft ceTH. 

OpraHbí HanpaB/teHHH moihhocth, AeflcTByiowHe 
npH HanpaBA6HHH mohíhocth ot iuhh, TaKXce, one- 
bhaho, MoryT npn KaaaHHflx cpadaTbiBaTb (6o;iee 
noApoÓHO cm. tji. VI, § 4). 

TaKHM oópasoM Bce opraHbí, BxoAamae b cxe- 
My AHCTaHUHOHHofl 3amHTu, MoryT npa KaaaHHflx 
CpaÓaTMBaTb OAHOBpeMeHHO, BH3UBafl HenpaBHJIb- 
Hoe AeflcTBae 3amHTbi b ueAOM. 3to noATBep- 
*AaeTCH TaKHce oiiutom 9Kcn;ioaTauHH, b qacTHO- 
cth, peaKTaHCHbix 3amaT. nocAeAHHe, 6yAy*iH 
BbinojiHeHbí 6e3 cneuiiaAbHbix čaokhpobok, npeA- 
OTBpamaiomHX hx HenpaBBAbHyio paéoTy, AaBa/ta 
npH K3M3HHHX MaCCOBbie HeCeAeKTBBHbie OTKJIIO- 
aeHHH. IlosTOMy b HacToamee BpeMa yAejiaeTca 
óoabmoe BHHMaHHe pa3pa6oTKe yCTpoňcTB, npeA- 
OTBpamaiomHx AeňCTBne 3amHT npn KaaaHnax. 

18. yCTPOflCTBA flJlfl nPEAOTBPAmEHHÍl 
HETIPABHJIbHOrO A.EHCTBHJI 3AIU.HT TIPU KAMAHHBX 

řípa paccMOTpeHaa MepoapanTaft, apeAOTBpa- 
maiomax B03M0HCH0CTb HenpaBBAbHOrO AeftCTBBH 
3aujBT npa KaaaHaax, aeoóxoAHMo yaaTUBaTb 
c^eAyromee: 

1) KaqaBaa Apyr OTHocaTe/tbHO Apyra napan- 
AeAbHO paĎOTaiOfliBx chhxpohhhx MaawB bo3hb- 
K3IOT OÓblHHO B pe3y^bTaTe KOpOTKOrO 33MbIKa- 
hhh b cacTeMe, npB 9 tom MecTa KopoTKoro 3a- 
MMKaHBH MoryT ÓbITb pacnOAOHíeHbl B TOBKaX, 
BecbMa yAaJieHBHx ot JiaHaň, CB33biBaiomHX chh- 
xpoHHbie MauiBBbi; noauíMy nyCKOBbie opraHbí 
3auiHT, ycTaHOBAeHBbix Ha 9thx ahhhhx, MoryT 
B MOMeHT B03HBKH0B6HBH KOpOTKOTO 3aMbIK3HHa 
Aaace He noAeflCTBOBaTb; 

2) KaaaHBH MoryT pa3BBBaTbca b npouecce 
eme HeoTKAioHeHHoro KopoTKoro 3aMbiKaHaa, Ha- 
MBHaacb aepe3 BecbMa HeSoAbinoe BpeMa nocjie 
ero B03HBKH0BeHaa; 

3) KaaaHBa b cacTeMe B03HBKaK)T Taxate bcaca- 
CTBHe HapyraeHBH CTaTHaecxofl ycToňqaBocTB 
npa pa3Horo poAa sxcnAoaTauBOHHbix OTXAKme- 
HBax b nepeK/tioaeHBax; 

4) tokb b HanpaaceHBa npB xaqaHBHX, npoac- 
xoAflmHx nocjie OTK^joaeHBH KopoTKoro 3aMbixa- 
HHH, CBMMeTpBBHU H COAepjKaT n09TOMy TOAbKO 
cocTaB^aioBíHe noAOHCBTeAbHoťi nocjieAOBaTe^b- 
hoctb; OTpauaTejibHHe b HyjieBbie cocTaBAaiontHe 
b Toxe b HanpaaceHBB npB KaaaHaax noaBjíaiOTCa 
TOAbKO npH HajIOACeHBB Ha HHX HeCHMMeTpHHHblX 
noBpeatAeHHň. 

HeoĎxoAHMOCTb b cneuBaAbHbix yerpoňCTBax 
(SaoKHpoBKax), npeAOTBpamaioui,Hx HenpaBHAbHoe 
AeflCTBHe 3aui,HT npa KaaaHaax, B03HHKaeT TOAb- 
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ko b cxeMax, pearHpyiomHx Ha 3aMHX3HBH Meac- 
Ay (J>a3aMH. CxeMu 3amHT, AeficTByiomHe TOAbxo 
npa 3aMbiKaHHHX Ha 3eMAio, noAOĎHbíMH ycTpoít- 
CTB3MH, xax npaBH/to, He CHadacaioTca, nOTOMy 
hto nyCKOBbie opraHbí TaxBx 3auiHT pearapyiOT 
Ha tok HyjieBoň nocjieAOBaTe^bHOCTB h, c/teAO- 
BaTejibHo, He noABepaceHbí bjihhhhío tokob Kaqa- 
hhů. Oah3ko, ecjin b npouecce HeoTK^roaeHHoro 

3 aMbIK 3 HHa Ha 3eMJIK) B03HBKHyT KaHaHBH, 33mB- 
Ta MoaceT cpaóoTaTb HenpaBBJíbHo. 

HeoóxoAHMocTb b S^OKBpoBKax omymaeTca 
ocočeHHo ocTpo ajih nepBbix CTyneHeft ahct3h- 
hhohhux 3amBT, paSoTaiomax 6e3 BHAepacKB 
BpeMeHB. TpeTbB cryneHB, BMeiontHe BbiAepacKB 
BpeMeHB ĎOAbBie MaKCBMa^bHblX B03M0aCHbIX 
3Ha4eHBň nepHOAa KaaaHBň (npBMepHO 2 ceK.), 
ĎAOKBpOBKaMB He CHaĎHcaioTCH. MeHee onpeAc- 
JieHHO peUieH BOnpOC OTHOCBTeJIbHO HeOČXOAH- 
mocth OJiOKBpOBOK a^ih BTOpux cTyneHeň, BMeiO- 
ih,hx o6uhho BpeMa AeflCTBBa t z = l-ř-l,2 cex. 
4acT0 ohh ycTaHaBJíBBaiOTCH hcxoah B3 toto, 
mto BpeMa čjj fleacHT b npeAejiax OAHoro nepa- 
OAa KaaaHBň T. Oah3ko onbiT 9KcnAoaTauBH He 
noATBepacAaeT h6o6xoahmocth 6jiokhpobok. 9to 
onpeAeAaeTca b aacTHOCTB TeM, hto nyCKOBue 
OpraHH 3aiHBTbI ASI®T eň B03M0aCH0CTb AeŘCTBO- 
BaTb TOJibKO b ŤeaeHBe BpeMeHB t, cocTaBaaio- 
mero Jianib aacTb nepaoAa T (cJ)Hr. IV, 76). 

B HacToamee BpeMa npeA^ioaceH paA ójiokh- 
PObok, npeAHa3HaaeHHbix a^ih npeAOTBpameHBa 
HenpaBB/tbHoro AeflCTBBa 3amBT npB KaqaHnax. 
Oah3ko Bce ohh očjiaAaiOT tcmh bab hhhmh aé- 
(peKTaMH, He a3ioiubmb bo3mohchocth BBBAy eme 
HeAOCTaTOHHOň sKCnAoaTaitHOHHoS npoBepKB cxěm 
CHBTaTb Aaace HaB^yamae B3 hhx nOAHOCTbio 
pa3pemHBmHMH nocTaBAeHHbie 3aAaaH. Hwace pac- 
CMOTpeHbí npBHuanbi AeňCTBBa ochobhux ďaokh- 
Pobok h oTMeaeHH Ayamae H3 hhx, peKOMeHAye- 
Mbie k npBMeHeHBK). 

EjIOKHpOBKa 3ai4HTbI npH B03BpameHHH K0HT3KT0B 
nycKOBoro opraHa nocjie AeňcTBnn b HCxoAHoe nojio- 
aceHHe (ipar. IV,78). lípa bo3hhkhob6hhh noBpe/KAeHim 
AeflCTByeT nycKOBOň opraH 1 (HanpHMep, peae MaKCHMaab- 
/Horo Tona), 3aMt>lKaa cboh KOHTaKT h no,aasaH -)- Ha npoMe- 
acyToqHoe pe-ie 2. Peae 2, AeftcTBya qepe3 cboíí hhmchhh 
3aMUKaromHň KOHTaKT, noAaer-f-Ha npoMeaiyToqHoe peae o. 
nocaeflHee cpaĎaTbiBaei h HaqHHaex caMo noAasaTb na 
cboio oĎMOTKy, tpHKCHpya HMesuiee mccto AeftcTBHe nycKo- 
Boro''opraHa. Ha npoMeacyToqHoe peae 4 npH stom-j-hb 
noAaeTca, h oho He AeftcrByeT. ripn stom Hepe3 BepiHHn 
HOpMaABHO 3aMKHyTUÍI KOHTaKT peae 4 nOAaeTCH IIOCTOÍDi- 
Hhlft TOK Ha 3aiU,HTy H OHa HOpMa.IbHO (JjyHKUHOMIlpyeT. rioc- 
ae OTKJiioqeHHH noBpeacAOHHH KOHTaKTU peae 1 pajMUKarox- 
ca. Hhachhíí KOHTaKT peae 2 3aHHMaeT HopMaabHO 3aMKHy- 
Toe noaoHceHHe h noAaeT qepe3 paHee 3a,\iKHyBiiiHHCH KOH¬ 
TaKT peae 3 naioc Ha peae 4. nocaeAHee cpaĎaTbiBaer h 
caMo6aoKHpyeTca. Cbohm BepxHHM koht3Ktom peae 4 chh- 

MaeT nOCTOHHHbifi TOK C 3aiHHThl, BblBOAH etí H3 AeíiCTBmi. 

Ecau Tenepb nocae OTKaioqeHHH KopoTKoro 3 aMHKaHHa n 
CHCTeMe B03HHKHyT KaqaHHH (^ar. IV,79), 3 ain,Hra cpaóo- 
TaTb He CMoaceT. ílocae npeKpameHHH KaqaHHtt nim npu 
OTCyTCTBHH hx nocae OTKaioqeHHfl KopoTKoro 3aMbiKaHM« 
qepe3 BepxHuS HopMaabHO 3aMKHyTibiň KOHTaKT peae 2 h 
cpeAHHft paHee 3aMKHyBuiHňca kohtakt peae 4 noAaeTCti -j- 



Ha pejie BpeMeHH 5. IIocaeAHee c BHuepHCKoň BpeMeHH t 5 , 

BbIÓHpaeMOH npHMepHO paBHOÍÍ MaKCHMaabHO B03M0XCH0My 
nepHouy KanaHHH T , cpaóaTbiBaeT, CHHMaeT — c peae ^3, 4 
h -j- c caMoro ceón h B03BpamaeT t3khm oópaaoM cxeMy 
b HcxouHoe noaoaceHHe. B npouecce KanaHHfi Ha peae 5 
TaKHce nepHO^HHecKH noaaeTCH naioc npH 3aMbiKaHHHx Bepx- 
hhx KOHT3KTOB peae 2. Oah3ko peae 5 npH stom He cpa¬ 
óaTbiBaeT h He bboaht cxeMy 3amHTW b ^eHCTBHe BHe 3 a- 
BHCHMOCTH OT TOrO, KaKOe BpeMH npOflOJIXCaiOTCH KaqaHHH, 
Tax xaK BpeMH nonaHH Ha Hero naioca 0Ka3WBaeTCH KaxcAHH 
pa3 MeHbuiHM ero BpeMeHH aeficTBHH h oho ycneBaeT B 03 - 
BpamaTbCH b hcxoaho6 noaoHceHHe. 

npH B03HHKH0BeHHH nOBpeXC^eHHH B MOMeHT KauaHHH, 
Korjia 3aiuHTa 6bijia 3aóaoKHpOBaHa, aaHTeabHO 3aMbiKaioTCH 
KOHTaKTW peae / h 2. npH stom k pea e BpeMeHH 5 juiu- 
TeabHO noflaeTCH -|- (no uenn, HAymeň ot KOHTaKTa peae 2 


Hamilffiy 



CxeMa Morjia 6 h 6wTb nocTpoeHa tbkhm oĎpaaoM, nto 
aaiiiHTa bLboottch H3 aeficTBHa H a aapaHee ycTaHOBaeHHoe 
BD eM3 npeBUinaiomee MaKCHMaabHoe BpeMH KanaHun, onac- 
HHX c tohkh “peHHH B03MO3KHOCTH ee HeceaeicTHBHoro aen- 
CTBHH Kax npaBHHO, oflHaKo, 6oaee ueaecooĎpaaHO Ebisefle- 
HHe sámHTH Ha B ce Bpewa KaiaHHH sne aaBHCHMOCTH ot hx 

npoflOJiHorreJibHOCTH. &» sxoro 

nOBKV IlOHXOflHTCH COHCTaTb co cxeMofi $Hr. IV, » 

TnoLaiLo H fl a $Hr. IV, 80. n P „ 

HeHinee noBeneHHe paccMaipHBaeMO h óaoKHpOBKH noaoOHO 

«»«po»K«ISA*; ”p» 

KOBoro opraHa nocJie cpaóaTbiBaHHH ^ BKJII0 . 

HHMO OTMeTHTb. hto peae / — 5 b ooenx cxeMax bkhio 

S OflHHaKOBMM oOpaW B 

BaeTCH 3a6jioicnpoBaHHOH noaie ® eHC J® ( ? yI l HH npoaoa- 

BpeMH KOpOTKOrO “Tchatum C3amHTM P Echh 

acajiocb, Tax Kax peae o uep>KHT chhium ^ naqn . 

nOCJie OTKJIIOHeHHH KOpOTKOrO „oXHHeCKHM neHCT' 

BbioTCH KanaHHH, conpoBOKAaiomHecfl nepHOA 
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cxeMbi nepe3 BpeMH, He npeBbímaioiuee BpeMeHH ero ydaB- 
kh. .Han HazieHCHoro aeíícTBHH cxeMbi, ocoóeHHo npn Majiwx 
nepHOjiax KauaHHH, Koraa KOHTaKTM nycKOBoro opraHa mo- 
ryi pa3MUKaibCH Ha BecbMa Majibie BpeMeHa,' HeoóxoaHMO 
HMeTb cneuHaabHO no^oópaHHbie c tohkh 3peHHH BpeMeH 
jieHCTBHH peae. B nacTHOCTH peae 4 hojihcho HMeTb oneHb 
Majioe BpeMH jieHCTBHH, HTo6bi ycneBaTb caMoójiOKHpoBaTbCH. 

H 3 H3JiOHceHHoro cjiejiyeT, hto cxeMa ÓJioKHpyeT 3amn- 
Ty npn KanaHHHx, pa3BH?aiomHxcH noc^e OTKJiioHeHHH ko- 
poTKoro 3aMbiKaHHH. OHa HMeeT cjiejtyiomne ocHOBHbie He- 

flOCTaTKH! 

1) He aeScTByeT npn KanaHHnx, pa3BHBaiomHxcH b npo¬ 
uecce HeoTKJnoueHHoro ijppOTKoro 3aMWKaHHH, Tax uan nyc- 
koboíI opraH, Kax npaBHjio, He pa3MbiKaeT npH stom cbohx 

K0HT3KT0B; 

2) He aeficTByeT b nepBOM unnae k3H3hhh, BH3BaHHbix 
napymeHHeM CTaTHnecKOH ycTOHHHBOCTH CHCTeMbi, Tax xax 
nycKOBoii opraH cmohcct pa30MKHyib cboh 3aMKHyBiuHecH 
KOHTaŘTbl TOJIbKO B KOHUe UHKJI3j 

3) He ueHCTByeT 6aoKHpoB«a BBOua 3amHTbi, ecan 
b npouecce KauaHHH nycKOBOH opraH aepxcHT cboh KOHiax- 
th 33MKHyTbiMH Gojibixie ouHoro nepHoua KanaHHÍi 3a cueT 
Toro, hto, HanpHMep, npn tokobom nycxe ž pm 6 <C.i p m \ n (npn 
HaJIHHHH nyHKTHpHOft H3CTH CXeMbl). 

B cbh3h c nepeuHCJieHHMMH HejiocTaTKaMH uaHHan cxe¬ 
Ma, B3HT3H B OTUeJIbHOCTH, He MOHCCT paCCM3TpHB3TbCH KaK 
yjiOBjíeTBOpHTejibHaH. IIosTOMy OHa npHMeHHeTCH ToabKO b 
COUeTaHHH C HeKOTOpMMH flpyrHMH, paCCMOTpeHHWMH HHHCe 
yCTpOHCTBaMH. 

B.TOKHpOBKa 3aiUHTbI Hepe3 BpeMH, AOCTaTOHHOe AJIH 
ee cpaóaTbiBaHHH (<|>Hr. IV, 80). npH B03HHKH0BeHHH no- 
BpeufueHHH paóoTaeT nycKOBOH opraH /, 3aMbiKaH cboh koh- 
TaKT. Hepe3 nocaeuHHH nouaeTCH + Ha peJie BpeMeHH 5, 
HMeiomee BMuepHCKy BpeMeHH, hcckojilko óoabmyio, neM 
MaKCHMaabHoe BpeMH ueHCTBHH ójioKHpyeMOÍi 3amHTbi (Ha¬ 
npHMep, nepBOH ciyneHH peaxTaHCHOH 3amHTbi). CpaóoTaB- 
rnee peae 6 CHHMaeT nocTOHHHbiH tok c 3amHTbi, t. e. bh- 
BOAHT ee H3 UefiCTBHH. 


<í>Hr. IV, 79. flnarpaMMa KauaHHH, bo 3 Hhkuihx b CHCTeMe^no- 
CJie OTKJIlOHeHHH KOpOTKOrO 33MblKaHHH. 



<I>Hr. IV, 80. BjioKHpoBKa 3amHTbi nepe3 BpeMH, uociaTouHoe 
A jih ee cpaóaTbiBaHHH. 


BHeM K0HT3KTH0H CHCTeMbi nycKOBoro opraHa, 3aiUHTa 6y- 
ueT ocTaBaTbCH Taxnce saóaoKHpoBaHHOH uepe3 peae 4 . OHa 

BBOAHTCH B paÓOTy TOHbKO nOCae B03BpaiUeHHH KOHT3KTOB 
nycKOBoro opraHa 1 Ha AJiHTeJibHoe BpeMH b HcxouHoe no- 
aoxceHHe hhh hx 3aMWKaHHH Ha BpeMH, óoabiuee, ueM ne- 
pHOA K3H3HHH. ČoOTBeTCTByiOIUee BpeMH KOHTpOanpyeTCH 
npH 9 tom c noMOiubio peae BpeMeHH 5, HMeiomero Bbiaep)K- 
Ky BpeMeHH t 5 , npHMepHO paBHyio MaxcHMaabHOMy nepHOuy 
KaqaHHli T max , 

MHHyc Ha peae BpeMeHH 6 nouaeTCH qepe3 HOpMaabno 
33MKHyTbIH KOHT3KT npOMeHCyTOHHOrO peae 4 . riOSTOMy noc- 
ae cpaóaTbiBaHHH h 3aannaHHH nocaeuHero npn KauaHHHx b 
CHCTeMe peae 6 B03BpaiuaeTCH b HcxoaHoe noaoncenHe. Ta- 
Koe BbinoaHeHHe CJeMbi uaeT B03M0)KH0CTb 3aiuHTe achct- 
B0B3Tb npH KOpOTKHX 3aMbIK3HHHX, B03HHKIUHX npH KauaHH- 
hx b CHCTeMe. npH xcecTKOM noABoue MHHyca k peae Bpe¬ 
MeHH 6 b cayqae yKa3atíHoro KopoTKoro 3aMbiKaHHH ua>Ke 
nocae cpaóaTbiBaHHH peae 5 3amHTa He Moraa óbi uencTBo- 
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BaTb, TaK KaK k 3T0My MOMemy OHa 6bijia 6w yxce bhobb 
3a6jioKHpoBaHa nocpeacTBOM pejie 6 . 

PaccMaipHBaeMoe ycTpoficTBO BMeeT cjieayiomHe ochob- 
Hbie HeAOdaTKH: 

1) H6H3A6)KHO paÓOTaeT npH KaqaHHHX, BbI3B3HHbIX Ha- 
pymeHHeM cTaTnqecKOH ycTofiqHBocTH CHCTeMbi, Tax xax 
ójioKHpyeT 3amHTy qepe3 BpeMH, 6oJibuiee, qeM ee BpeMH 
cpaóaibiBaHHH. 3amHTa npH btom MOHcer ycneTb HecejieKTHB- 
ho no,nefiCTBOBaTb; 

2) HeHaae>KHO AeficTByeT npH KaqaHHHX, pa3BHBaiomnx- 
ca b nponecce HeoTKJiioqeHHoro KOpoTKoro 3aMbiKaHHH, ecjiH 
HMeeT 3HaMHTeJibHyio Bbiaepxocy BpeMeHH; sto HMeeT Mecio 
npH ÓOJIbHIOM COÓCTBeHHOM BpeMeHH A6HCTBHH ĎJlOKHpyeMOH 
3aiUHTbl 

KanecTBo ÓJioxHpoBKH B03pacTaeT c yMeHbweHHeM co6- 
CTBeHHoro BpeMeHH ashctbhh 3amHTbi, nosTOMy cxeMa, He- 



<l>Hr. IV, 81. B JIOKHpOB- 
xa 3amHTbi, ocHOBan- 
Haa Ha pa3jmqHOM 
xapaKTepe H3MeHeHHH 
sjíeKTpHqecKHx bcjih- 
HHH B MOMeHT Haciy- 
njieHHH KopoTKoro sa- 
MblKaHHfl H KaqaHHH. 


H 



flpu h . 3. 


tyk 


MblKaiOT CBOH KOHTaKTbl H nOAaiOT + qepe3 HHX H HOpMaJIb- 
ho 3aMKHy.TbiH KOHTaKT npOMexcyToqHoro pejie 3 Ha 3amHTy. 
TaxHM oópa30M b stom cjiyqae 3amHTa mohcct HopMajibHo 
(pyHKUHOHHpOBaTb. 

npH noBBJíeiiHH KaqaHHH, Bbi3BaHHbix HapymeHHeM da- 
THqecKoft ycToílqHBOCTH CHcxeMbi, B nepByio oqepeab cpa- 
oaibiBaeT pejie 7, HMeiomee MeHbuiHH l p nti y qeM pe/ie 2 
($Hr. IV, 85). riocTOHHHbiH tok noaaeTCH Torna qepe 3 ocTarj- 
hihhch eme 3aMKHVTHM BepxHHH KOHTaKT pene 2 Ha npo- 
MexcyToqHoe pejie 3. riocjiejiHee jieftcTByeT, pa3pbiBán hh>k- 
HHM KOHT3KTOM Uenb nOCTOHHHOrO TOK3, Hnymyio k 3amHTe, 
H CaMOÓJIOKHpyHCb qepe3 CBOH BepXHHH KOHTaKT. npH flajlb- 
HenuieM B03pacraHHH TOKa KaqaHHH cpaóaTbiBaeT pejie 2, c 
TOKOM TpOraHHH i p OjIHaKO nOCTOHHHMH TOK Ha 3 amHTy 
npH 3TOM He 6yaeT nonaH, TaK KaK ero uenb ČMJia paHee 
pa30pBaHa Ha KOHTaKTax pene 3, BjioKHpoBKa 3amHTM npe- 
KpamaeTCH npH B03BpameHHH KOHTaKTOB pejie 7 b hcxoa- 
Hoe nojioHceHHe. 

Tok TporaHHH peae 1 noaxceH BbiónpaTbCH 6ojibuie MaK- 
CHMajibHoro paóoqero TOKa 3amHmaeMofí jihhhh no <j>opMy- 

Jie b.m x mM*jjjL.i pa6msMM 
k 6 

Tok TporaHHH pejie 2 BbióupaeTCH 6ojibine, qeM y pejie 
7, Ha Taxyio BejiHHHHy, npH KOTopofí oóecneqHBaeTCH Ha- 
AextHan ojioKHpoBKa 3aiuHTbi b Hanóojiee thhccjiom cjiyqae.' 
3a TaKOBoň cjienyeT npHHHTb KaqaHHH c MHHHMajibHo bo 3- 
MOxcHbíM nepHOAOM T npH KOTopoM 3amHTa MOHceT eme 
ycneBaTb HenpaBHJibHo ^eHCTBOBaib (npw nepHO^ax KaqaHHH, 
MeHbíHHx onpeíteaeHHOH Be^HqHHbí, coócTBeHHoe BpeMH 3a- 
mHTbl 0K3HCeTCH OTHoCHTeJlbHO HaCTOJIbKO ÓOJIbjlIHM, HTO Olia 
He óyjieT ycneBaTb 
HeHCTBOBaTb). A.Ih y » 

toto qroóbi npH stom 


tipu kavaH 



MoMeHm 6o3HukHoQ . 
k. 3- um kcLHOHuu 


hí\ IV,82. • M3MeHeHHe tokob npH 
KOPOTKOM 3aMbIK3HHH H KaqaHHHX. 



<l>Hr. IV, 83. M3MeHeHHe HanpnxceHHH 

npH KOpOTKOM 3aMbIKdHHH H KaqaHHHX. 


I /tipu kanatt* 

v l / < 

flpu k.3. 


, Mo/tern 8a3Huk.k.A t 

u/iu Umanuti 


<í>Hr. IV, 84. H3MeHeHHe HMne^aHCOB 

npH KOpOTKOM 3 aMbIKaHHH H KaqaHHHX. 


CMOTpH Ha CBOH HeflOCTaTKH, MOHCCT 6bITb HCnO JIb30BaHa JIJIH 
Ó.lOKHpOBKII MrHOBeHHO^eHCTByiOmHX 3amHT. 

OflHaKo Taxan o6T>e,KHHeHHaH čaoKHpoBKa, ycTaHOBJíeH 
Han aa>Ke Ha óbicTpo^eHCTByíomHx 3amHTax, oóJiaaaeT cy- 
meCTBeHHblMH He^OCTaTKaMH. OCHOBHblM H3 HHX OCTaeTCH 
cayqaíi HeHa,ae>KHoro ^chctbhh ycTponcTBa npH KaqaHHHX, 
oóycjiOBJíeHHbix HapymeHHeM CTaTHqecKoň ycTOňqHBOCTH 
CHCTeMbi HJIH yjaJieHHHMH KOpOTKHMH 32MbIKaHHHMH, He npH- 
BeAuiHMH b AeHCTBue nycKOBOH opraH 3amHTbi. 

BjioKHpoBKa 3amHibi, ocHOBaHHan Ha pa 3 JiHMH 0 M xa¬ 
paKTepe H3MeHeHHH 9Jie.KTpHMeCKHX BeJIHHHH B M 0 M 6 HT Ha- 
dynjieHHH KopoTKoro 3aMbiKaHHH h KaqaHnň ((J)nr. IV, 81). 
ílpn OCymeCTBJíeHHH AaHHOÍ^ ÓJIOKHpOBKH HCnOJIb3yeTCH 

to nojioHceHne, hto u pi i p h z p = —P~ Ha 3a>KHMax^ nycKo- 

BblX OpraHOB 3amHTbI nO~pa3HOMy H^eHHIOT CBOH BeJIHqHHbl 
IipH B03HHKH0BeHHH nOBpeHCAeHHfi H npH nOHBJíeHHH Kaqa¬ 
HHH. npH BOSHHKHOBeHHH nOBpeHCAeHHH npOHCXOAHT MrHO- 
Bemioe pe3Koe H3MeHeHne cooTBeTCTByiomHx sjíeKTpHqe- 
CKHX Be.lHqHH. npH nOHBJíeHHH KaqaHHH OHH H3MeHHK)TCH 
nocTeneHHO (4 >hi\ IV, 82; IV, 83; IV, 84). 

CxeMa ójioKHpoBKH Ae0CTByeT cjiejiyiomHM o6pa30M. 
Opu B03HHKH0BeHHH noBpeHCAeHHH tok noBpoKfleHHH i p npe- 
BbimaeT^ p h i p%m ^ pejie MaKCHMajibHoro TOKa l n 2. 
nosTOMy ohh cpaóaTbiBaroT npaKTHqecxn OAHOBpeMeHHO, sa- 
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4>hi\ IV, 85. Tpa$HqecKoe onpenejieHHe napaMeTpoB pejie 
Aah ójioKnpoBKH no (jmr. iv, 81. 


ycnejio noaeHCTBOBaTb npoMencyToqHoe peae 3 t BpeMH Ha^ 
qajia paóoTM pejie 2 aojdkho otctohtb ot BpeMeHH Haqaaa^ 
paóoTbi peae 1 Ha BejiHHHHy t = t%+ h 3aM -- t 2pa3 , rae t 3 — 
BpeMH AeňcTBHH pejie 5, t l3aM — BpeMH aeHCTBHH pejie 1 Ha 
saMbiKaHHe KOHTaKTOB npn nepno^e KaqaHHH T min> t 2pa3 — 




BpeMH aefícTBHH pejie 2 Ha pa3MbiKaHne BepxHero KomaKTa, 
OTHeceHHoe Taxíce k r min . 

Bw6op napaMeTpOB ójiokhpobkh c pejie MHHHMajibHoro 
HMnejiaHca iipoh3boahtch Ha ocHOBaHHH aHajiorn^Hbix cooó- 
pameHHH. 

UeHHblM CBOHCTBOM CXeMbl HBJIHeTCH ee npHHUHnuaJIbHO 
HaAOKHan paóoia jipn KanaHHHx, oóycjiOBJíeHHwx Hapyme- 
HHeM CTaTHHeCKOH yCTOÍJHHBOCTH CHCTeMbl. IlpH yKa33HHOM 
sune KanaHHH paccMOTpeHHbie Bbiuie cxeMbi npaBHJibHo pa- 
čoTaTb He MorjiH. 

OflHaKO HapH,ny c nojiOHcniejibHbíMH cbohctb3mh cxeMa 
pÓJiaaaeT cjie^yioímiMH HeaocTaTKaMH: 1 

1) He pearupyeT Ha KaqaHHH, pa3BHBaiomHecH b npo- 
uecce HeoTKaioqeHHoro nopOTKoro 3aMbncaHHH; 

2) 3arpy6jiaeT 3amHTy, Tax KaK ee qyBCTBHTeJibHOCTb 
npH B03HHKH0BeHHH noBpOKaeHHH onpeaejiHeTCH 6oaee 
rpyóhiM flonoJiHH^eabHWM nycKOBHM opraHOM. 

B CBH3H C 9THM HeOÓXOflHMO OTMeTHTb, HTO IIpHeMJie- 
Mbie pe3yjibTaTw nojiynaiOTCH TOJibKO npH npuMeHeHHH 
ĎHCTpofleHCTByKMUHX nycKOBwx opraHOB, HMeiomHx Maaoe 
BpeMH t l3aM h cooTBeTCTBeuHO TpeóyiomHx MeHbinero 3a- 
rpyÓJieHHH 3amHTbi. B cbh3h c sthm HHoma npuMeHHiOT 
pejie c HopMaabHO 3aMKHyTbiMn KOHTaKTaMH (4mr. IV, 86). 

M3 H3Jio>KeHHoro cJie.nyeT, hto paccMaTpHBaeMan ójiokh- 
poBKa, B3HT3H b oT^e JibHocTH, He očecneHHEaeT HaaeHCHoro 
npejioT BpameHHH HeripaBiiJibHoro tfeiícTBHH 3amHT npH Ka- 
H3HHHX. Bojiee yaoBJíeTBopH- 
TejibHwe pe3yjibTaTw nojiynaiOT- 
ch npH o6T>eAHHeHHH ee c 6 jio- 

KHpOBKOH, OCHOB3HHOH Ha Bbl- 
Be^eHHH 3amHTbi qepe3 BpeMH, 

AocTaioqHoe ajih ee cpaóaTbiBa- 
hhh (<}>Hr. IV, 80), Tax xax no- 

CJie^HHH B H3BeCTHOH CTeneHH 
ycTpaHneT nepBbiň H3 yxa3aHHbix 
Bbíme He,nocTaTKOB paccMaipH- 
BaeMofl cxeMbi. OAHako nojiyna- 
iomancH npw stom ójioKHpoBxa 
HBJIHeTCH BeCbMa CJIO)KHOH. 

EjIOKHpOBKa, OCHO- 
BaHHan Ha npHHuune nyc-' 

Ka 3amuTbi b aeňcTBHe npw noaBaeHHH caaraio- 
uiHX OTpHiíaTe^bHoň nocaeaoBaTejibHOCTH (<fwr. 
IV, 87) [JI. 10]. BflOKHpoBKa BKaionaeT 3amHTy 
b xeňcTBm Ha BpeMH, paBHoe BpeMeHH aeňCTBHH 
3amHTw, aaace npH BecbMa KpaTKOBpeMeHHbix 
noHBaeHHHx cjiararomHx oTpHnaTeabHoň nocae- 
aoBaTe^bHocTH. Ha ochob3hhh HMeiomHXCH aaH- 
Hbix momcho noaaraTb, hto npaKTHaecKH Bce 3a- 
MblKaHHH Ha aHHHHX (b TOM HHCae H Tpex<f>a3Hbie) 
HBJIHIOTCH B HaqaabHblfl MOMeHT HeCHMMeTpHHHblMH. 
HaHíe Tas Ha3HBaeMbie MeTaaanqecKHe Tpex(|)a3- 
Hbie 3aMbIKaHHH, B03HHK3IOmHe npH BKJHOHeHHH 
noa HanpHweHHe 3aKopoaeHHbix aHHHň, moxcho 
b HaqaabHbiň momcht paccMaTpHBaTb KaK hcchm- 
MeTpHHHHe 6aaroa,apa HeoaHOBpeMeHHOMy 3aMbi- 
K3HHIO K0KT3KT0B BblKaiOHaTeaeŽ. KpOMe TOTO 
Ha BTOpHHHblX 33 >KHMaX yCTpOŽCTB, yCTaHaBJIH- 

Bajomnx noHBaeHHe caaraiomnx OTpnnaTeabHoň 

nocaeaoBaTeabHOCTH (c[)HJibTpbi 0TpHu,aTeabH0ň 
nocaeaoBaTeabHOCTH), noaBaaioTCH KpaTKOBpe- 
MeHHO HanpaweHHH 3a cnex nepexoaHbix npo- 
peCCOB B nepBHHHblX H BTOpHHHbJX uenHX 3am.H- 
Tbi. TaxHM o6pa30M paccMaTpHBaeMaa cxeMa 
oSecneqHBaeT BKaioqeHHe 3amHTbi b aeflcTBHe 
npaKTHHeCKH npH Bcex B03M03KHblX BHAaX no- 
BpeaKaeHHň. 


npH 3 aMbIK 3 HHH MeHC^y TpeMH 4 > a3aMH 
HOBpeMeHHO aeficTByioT aBa nycKOBbix opraHa: 
peae 1, npeacTaBaaiomee coóoň HopMaabHbift 
nycKOBOfl opraH , 3 aiu,HTbi HaH, ayqiue, OTaeabHoe 
peae MHHHMaabHoro HanpHXceHHH, BKaioqeHHoe Ha 
oaHO H 3 aHHeňHbix HanpaHceHHft, h peae 2, pea- 
rnpyiomee Ha tok HaH HanpHaceHHe oTpnuaTeab- 
Hoň nocaeaoBaTeabHOCTH (cm. ra. IV, § 19). Peae 2 
KgaTKOBpeMeHHO pa 3 MHK 3 eT CBOfl HHHCHHfl, HOp- 

MaabHÓ 3aMKHyTbifl KOHTaKT. npH stom npoMe- 
jKyTOHHoe peae 3 oňecTOHHBaeTCH, pa3MHKaeT 

CBOň HHHCHHň KOHTaKT H 33MMKaeT aBa BepXHHX, 
qepe3 oaHH H3 kotopmx noaaeTCH -f- Ha 
3amHTy, a qepe3 apyrofi — Ha npoMeacyTOHHoe 
peae 4. FIocaeaHee, 3aMUKaa koht3ktm, npHBo- 
aht b aeňCTBHe peae BpeMeHH 5 h caMoóaoKH- 
pyeTCH qepe3 KOHTaKT peae 1 . BbiaepacKa Bpe¬ 
MeHH peae 5 ycTaHaBaHBaeTCH HecKoabKo 6oab- 
rae MaKCHMaabHoro BpeMeHH aeftcTBHH 6aoKnpy- 
eMofl 3amHTbi. Peae 5 no HCTeneHHH ycTaHOB- 
aeHHoft Ha HeM Bbiaep)KKH BpeMeHH noaaeT -\~ 




IV, 87. EaoKHpoBKa, ocHOBaHHaa Ha 
npHHUHne nycKa, 3amHTH b aeficTBHe npn 
noaBaeHHH caaraioHiHx OTpimaTejibHOH noc.ie- 
flOBaTeJIbHOCTH. 

Ha peae 3 ; nocaeaHee 3aMMKaeT hhjkhhh koht 3 Kt, 
noaaBaa -j- Ha cboio oSMOTKy ot peae 2 h Ta- 
khm o6pa30M caMoóaoKHpyacb. Pa 3 MbiKaioiaHecs 
BepXHHe KOHTaKTbi peae 3 chhm 3 iot -j- c 3 aniH- 
TM. TaKHM o6pa30M 3am,HTa BBoaHTCH b pa6oiy 
ToabKO Ha BpeMH aeňcTBHH peae 5. K MOMeHTy 
OTKaioqeHHH KopoTKoro 3aMbiKaHHH KOHT3KTH pe¬ 
ae 4 OKa3biBaK)TCH Bcer^a 3aMKHyTbiMH, TaK Kax 
peae 1 H 3 xoahtch b cpaóoTaBineM coctohhhh b 
TeqeHne Bcero BpeMeHH OTKaroneHHH noBpewae- 
HHH. B MOMeHT OTKaKJMeHHH nOBpejKaeHHH oaho- 
BpeMeHHo c pa3MbiK3HHeM KOHTaKTOB peae / M0- 
ryT KpaTKOBpeMeHHO pa30MKHyTbCH H KOHTaKTb! 
pea§. 2. Sto mohcct óuTb Bbi3BaHO HeoaHOBpeMeH- 
HbiM pa3puBOM Tona b Tpex (])a3ax BHKaioqaTean 
h noHBaeHneM b pe 3 yabTaTe stoto caaraiornux 
OTpnuaTeabHoň nocaeaoBaTeabHOCTH. OaHSKo 
npn 9 tom peae 3 He' oóecTOHHTCH h 3ainHTa b 
aeňCTBHe He BKaioqHTCH, TaK KaK + Ha peae 3 
6yaeT HaaexcHO noaaBaTbca ot peae 5 . Jlaa 
HaAeacHOCTH peae 4, nHTatomee peae 5, Bbinoa- 
HaeTca pačoTaiomHM Ha pa3M«KaHHe c HeKOTOpoň 

BHaepjKKOH BpeMeHH. BHOBb 3amHTa MOHCeT ÓídTb 
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BBeaeHa b aeficTBHe TOAbKO np« hobom noaBJíe- 
hhh c^araiomHX OTpHuaTeabHoň noc/ieAOBaTe;ib- 
hoctk. rioaTOMy Ha KaqaHHH, conpoBOHcaaiomHe 
OTKJiioHeHHoe KopOTKoe aaMbiKaHHe, 3amHTa He 
pearnpyeT. 

npa HeCHMMeTpHHHUX KOpOTKHX 3aMHKaHHHX 
cxeMa paóoTaeT noAOÓHHM ace o6pa30M. Pa3HHua 
3 aK^iioBaeTCH jmmb b tom, hto b TeqeHHe Bcero 
BpeMeHH OTK^ioHeHHH noBpeacAeHHa pe^e 2 aep- 

XCHT BepXHHfl KOHT3KT 33MKHyTbIM, a HHXCHHĎ 

pa30MKHyTUM. BepxHHň KOHT3KT pe./ie 2 3 aMeH»eT 
TaKHM o6pa30M npa HecHMMeTpHHHbix noBpeHcne- 
hhhx aeflCTBae pejie 7, KOTopoe MoaceT noaTOMy 
paÓOTaTb npOH3BOJIbHbIM 0Ďpa30M. B MOMeHT 
oTKameHHH KopoTKoro 3aMbiK3HHa pe;ie 2 pa3- 
MbiKaeT CBofl BepxHHň koht3kt h 3aMWKaeT 
HHHCHHŮ. CHHTHH npH 9T0M C perte 3 nOCTOHHHOrO 
TOKa H BKJII0H6HHH 3aiUHTW He npOHCXOAHT, KaK 
h npH Tpex4»a3Hux 3aMbiKaHHax, ĎrtaroAapa Ha- 
jihthk) perte 4, paóoTaiomero c 3aAepacK0ň Ha 

pa3MblKaHHe KOHTaKTOB. B CBH3H C 9THM B Te- 
neHHe Bcero BpeMeHH nepeMbiKaHHH KOHTaKTOB 
perte 2+HaAeacHO noAaeTca Ha perte 3 ot perte 
BpeMeHH 5. nocrtejmee pa3MHKaeT cboíí koht3kt 
yace Tora.a, Koraa cxeMa npHHfljia HopMartbHoe 
noaoxceHHe h perte 3 nHTaeTca qepe3 HopMajibHO 
3aMKHyTbift KOHT3KT perte 2. 

Ot nycKOBoro perte 1 + noa;aeTCH Ha hpoMe- 
acyTOHHoe perte 4 aepe3 HopMartbno pa30MKHyTue 
KOHTaKTbi noc^e^Hero. 3 to AertaeTca aah o6ec- 
neaeHHa AeňCTBHa 3amHTbi npn noBpeacAeHHax, 
B03HHKaioinHx' b npouecce KaaaHHfl. řípa OTCyT- 
ctbhh TaKoro ycTpoťícTBa perte 1 npn KaaaHHax 
Morao cpadoTaTb h qepe3 perte 4 npHBecTH b 
jeňcTBHe perte BpeMeHH 5, aepe3 KOTopoe 6y.neT 
nojiaH-j-Ha perte 3. Ecah Tenepb npoH30fiAeT 
KopoTKoe 3aMbiKaHHe h cpaóoTaeT perte OTpnna- 
TeabHoň noc^ieAOBaTeJibHOCTH 2, oho He cmohcct 
CHHT b HanpajKeHHe c oómotkh 3 h TaKHM oópa30M 
nocTOHHHuň tok Ha 3amHTy noAaH He 6yAeT. 

He^ocTaTKaMH AaHHOň cxeMbi hbjihiotch c./ie- 
ayiomHe: 

1) B03M02CH0CTb HenpaBHrtbHOrO AeňCTBHH 
3amHTH 3a caeT KaaaHHň, pa3BHBiiiHxca b Haaartb- 
Hbiň MOMeHT noBpejKjneHHH ao BbiBeAeHHa cxeMbi 
H3 aeflCTBHa; 

2) B03M0JKH0CTb HenpaBHrtbHOrO ^eftCTBHH 
3amHTM npH B03HHKH0BeHHH HeCHMMeTpHHHOrO 

33MbiKaHHa b nponecce KaqaHHň, Kor^a 3amHTa 
óyiieT BBOAHTbca b ^.eflcTBHe Ha BpeMa, HecKOJibKo 
óoabuiee BpeMeHH ee cpaSaTbiBaHHa; 

3) npn ocymeciB/teHHH nycxa 6rtOKHpoBKH ot 
H anpaxceHHa OTpnnaTertbHOň nocjieAOBaTertbHocTH 
3auiHTa MoaceT OTKa3biB3Tb b aeňCTBHH npn yAarteH- 
Hbix 3aMHKaHHax hjih 33MbiKaHHHX aepe 3 R n (Ha- 
npaHceHHe OTpHuaTejibHoň nocrteAOBaTertbHOCTH 
yMeHbuiaeTca c y^ajieHneM ot MecTa noBpeaKAe- 
hha); ocymecTBJíeHHe nycna ot TOKa o rpauaTe^b- 
Hoň nocjieaoBaTe^bHOCTH / 2 HecKOJibKO óo^ee 
caojsHO c tohkh 3peHHH Bbino^HeHHH coBepnxeH- 
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Horo <|»_HflbTpa h ero BK^roaeHHa: noaTOMy aycK 
ot / 2 c^e^yeT BwnojiHHTb To^bKo b Tex c^yaaax, 
Kor.ua ayBCTBHTejibHOCTb ot U 2 OKa3HBaeTca He- 
AOCTaTOHHOft. 

HanpaaceHHe TporaHHa pe^e 1 U p . m = 


FIpH IIHTaHHH MaKCHMajIbHOrO pe^e 2 OT (J)H^bT- 
pa OTpHitaTe^bHoň noc/te^oBaTe^bHocTH ero Han- 
paaceHHe TporaHHa cjieayeT BbiónpaTb no aHa^o- 
rnaHoň ^opMyjie, ncxo^a H3 B03MoacHoro MaKCn- 


MaJibHoro 3HaaeHHH HanpaaceHHa Heda^aHca Ha 
(JlH^bTpe U h 6 max * 

f j _ Uh6 max 

L/ rt m. ■ ■ ~ ———————— 


HanpaaceHHe HeóaaaHca onpeAeaaeTca HeToa- 
HOCTbio paĎOTbi (|)H^bTpa h HecHMMeTpHeň Hanpa- 
JKeHHň B CHCTeMe npH OTCyTCTBHH KopoTKoro 
33MbIK3HHH. BbIflep3KKa BpeMeHH pe/te 5 BHÓHpa- 
eTca HecKo/ibKO óojibmeň MaKCHMa^bHoro BpeMe¬ 
HH aeScTBHH 3 amHTM c yaeTOM bo 3 mohchocth ee 
KacKaflHoro aeftCTBHa (ecjin TaKOBaa HMeeTca). 

noc^e^Hee oficTOHTe/tbCTBo mohcct 3 HaaHTejib- 
ho yxyjunaTb CBOflCTBa ó^okhpobkh. 

ynpomeHHe cxeMbi [JI. 11], HCKJnoaeHHe H 3 
Hee nycKOBoro opraHa 1 , 3arpy6aaioinero yerpoň- 
CTBO, MOHCeT 6bITb 
AOCTHrHyTO, eCJIH 
BbinOt/IHHTb cxeMy 
c BUBOAOM 3 amH- 
Tbl H3 AeňCTBHH 

Ha onpeaeJieHHoe 
BpeMa, 6ojibmee 
BpeMeHH jeflCTBHH 
3amHT b ceTH. npn 
9 tom b c/tyaae 6bi- 

CTpo CaeAyiomerp «j>Hr. IV, 88 . BapHaHT óaoKHpoBKH 
nOBTOpHOro Meac- OT KaqaHHÍi no 4 >*>r. IV, 87 . 

Ay$a 3 H 0 r 0 33 MbI- 

k 3 hhh nepBaa cTyneHb 3 amHTbi MoaceT 0 TKa 3 aTb 
(c|)Hr. IV, 88). 

PaccMaTpHBaeMaa cxeMa, HecMOTpa Ha HeKOTO- 
pbie HeAOCTaTKH, oĎAaAaeT paAOM npeHMymecTB 
no cpaBHeHHio c apyrHMH npHHUHnaMH ďjiokhpo- 
bok ot KaaaHHň. HMeiomneca 9 KcnepHMeHTaAbHbie 
h 9 KcnAoaTauHOHHbie AaHHbie noATBepxcAaioT 
HaAHqne cooTBeTCTByiomero To/RKa HanpaHceHHa 
Ha 3 aacHMax c])HAbTpa OTpHnaTejibHofi nocJieAOBa- 
TeJIbHOCTH npaKTHHeCKH npH AIOĎblX 33 MbIK 3 HHHX. 
riosTOMy paccMOTpeHHyio cxeMy mojkho caHTaTb 
oahoA H3 HaHAyqniHx h peKOMeHAOBaTb ee k 

npHMeHeHHio. 



19. <!>HJIbTPbI HAnPJIMCEHHfl OTPHUATEJlbHOft 
nOCJIEAOBATEJlbHOCTH 

Oóiuee onpeAejieHHe. ÍHJibTpaMH Hanp^Hce- 
HHfl o t p h u a t e ji b h o h ii o c ji e ji o b a t e ji b h o c t h 

H33bIBaiOTCH yCTpOHCTBa, AaiOIUHe Iia CBOHX BTOpHHHblX 3a- 
xcuMax HanpflxceHHa, nponopuHOHajibHbie cjiaraiomHM OTpn- 
uaiejibHo& nocJiejiOBaTejibHocTH HanpaxceHHH, npHJio>KeH- 
HblX K HX IiepBHHHblM 3S>KHMaM. 



KÓ BTOpHHHbfM 33XCHM3M <|)HJIbTpa MOryT npHCOeflHHJITb- 
ch npHóopbi, H3MepínomHe BejiHHHHbí HanpaxceHHH OTpnua- 
TeJibHoň nocjie^oBaTejibHocTH, hjih peae, pearnpyiomHe Ha 
onpeae^eHHyio BejiHHHHy nocJieaHHx. 

ConeiaHMe (JwjibTpoB c peae Ha 3 WBaioTCH cxeMawH 
<jwjibrp-pejie, KOTOpbie Hcnojib3yioTCH, HanpHMep, .hjih bh- 
nOJlHeHHH ÓJIOKHpOBOK 3 amHT npH KaMaHHHX, OCHOBaHHbIX 
Ha noHBJíeHHH HanpHxteHH h Ha BTOpHHHbix 3 axcHMax (Jjhjibt- 
pOB OTpHuaTeJibHoň nocjie^oBaTejibHOCTH npaKTHnecKH npH 
JIK)ĎOM BHAe KOpOTKHX 33 MbIK 3 HHH B CeTH (CM. TJI. IV, § 18 ). 

ZIjih ocymecTBJíeHHH (Jjhjibtpob npHHUHnnaJibHO MOryT 
ÓHTb HcnoJib30BaHbi Kan $a3Hbie, Tax h JiHHefiHbie Hanpa- 
HCeHHH CHCTCMbl. ílpaKTHqeCKH CXeMbl (|)HJIbTpOB BbinOJIHH- 
K)TCH, KaK npaBHJIO, C HCn0JIb30BaHH6M JIHH6HHbIX HanpH- 
hcčhhh. JlHHefiHbie HanpíixceHHH He coaepxcaT cjiaraiomHX 
HyjieBOň nocaejioBaTe^bHocTH; nosTOMy 3a;iaqeH 4>HJibTpa 
npH HCn0JIb30B3HHH HX HBJIH6TCH TOJIbKO HCKJI10H6HH6 H3 


B nacTHOM cjiynae ojihh hs btophhhmx 3 axcHMOB, HanpH¬ 
Mep y , MOHceT coBnaaaTb c nepBHHHMM 33 >khmom C. Torxa 
HafloóHOCTb bo btopom njiene oTnaaaeT h <})HJibTp npeepa- 
maeTcn b Tax Ha 3 biBaeMHH oAHoriJieqHň. 

lloTeHUHajibHbie AHarpaMMbi. AHajiH3 pa3JiHHHbix cxeM 
(jjHJibTpOB odbíHHo ueJiecooópa3Ho npoBojxHTb, Hcnoabsyn He 
Bbipaxcenne (IV, 56 ), a ' noTeHunajibHbie flnarpaMMbi (Jwjib- 
TpOB [JI. 12 ]. 

Ha <|)Hr. IV ,90 ;iaHa TaKaa anarpaMMa jijih cJiyqaa, kot- 
jl a k nepBHHHHM 3 ancHMaM nojiBeAeHa CHCTeMa jiHHefiHbix 
HanpHHceHHH nojioxcHTejibHon nocjie,aoBaTejibHOCTH. B 9 Tom 
CJ iynae HanpaiKeHHe Mexcay btophhhmmh 3 axcHMaMH xy hoji- 
xcho paBHHTbCH Hyjuo. fljiH 9 Toro cjiaraiomne conpOTHBJíe- 
hhh njien BbiónpaioTCH t 3 khmh, htoóm Toaxa x Tpeyrojib- 
HHKa naaeHHH HanpaxceHHa ABx b conpoTHBJíeHHHX JieBoro 
njiena coBnajia c tohkoíí y TpeyrojibHHKa nafleHHÍt Hanpa* 
xceHHH BCy b conpoTHBJíeHHHX npaBoro njieaa. 



<l>Hr. IV, 89 . OómHH bha sxeMeHTap- 
Horo (|)HJibTpa HanpnxceHHH OTpHua- 
TejibHOH nocjieaoBaTejibHocTH. 



4>wr. IV, 90. IIoTeHUHaJibHaH zma- 
rpaMMa npn noflBeaeHHH k <|>HJib- 
Tpy HanpnxceHHH nojioxcHTejib- 
hoh nocjieAOBaTejibHOCTH. 


<[>ht. IV, 91 . IloTeHUHajibHaH 
AHarpaMMa npH noflBeaeHHH 
k 4 >HJibTpy HanpaxceHHH OTpH- 
uaTeJibHoň nocjieflOBaieabHOCTH. 


npHJIOWeHHblX K nepBHHHblM 3 a>KHM 3 M nOJIHbIX HanpHMCeHHH 
caaraiomHx nojioxcHTejibHoň nocjieaoBaTejibHocTH. B pe 3 yjib- 
Taie TaKHe 4 >HJibTpbi nojiynaioTca 6 ojiee npocTWMH. 

BbinojiHeHHe B 03 MoxcHbix cxeM (J)HjibTpoB cjieayeT H 3 
paccMOTpeHHH BbipaxceHHH ajih HanpnxceHHH OTpHuaiexbHOH 
nocxeflOBaTeJibHocTH. Ero BejiHHHHa, oTHeceHHan, HanpHMep, 
k jiHHeHHOMy HanpHxceHHio Uab> BMeei bhji 

^2=4" (fi™ + « 3 Ubc + aÚ CA ). (IV,54) 

r;ie eAHHHHHMH BeKTOp a = e J 120 . 

Tpn BeKTOpa JiHHenHbix HanpaxceHHH CBfláaHbí Mexcay 
COĎOH COOTHOHieHHeM 

Uab + Ůbc + Vca = 0. (IV,55) 

IlpHHHMaH^ 9 TO BO BHHM 3 HHe, BeJIHHHHy HanpHXCeHHH 
OTpHuaiejibHoá nocaeflOBaieabHocTH moxcho Bbipa3HTb tojib- 
ko qepe 3 flBa H 3 Tpex jiHHeHHbix HanpnxceHHH, HanpHMep, 

nepe3 Ú AB H Ubc 

u* = -X~( VAB-e-^+Ůsc-e-W ). (IV.56) 

VT 

TaKHM o 6 pa 30 M ^jih nojiyneHHH U 2 moxcho B 3 HTb —g— 

reoMeipHHecKOH cyMMbi HanpnxceHHH U A b* noBepHyioro no 
qacoBoň dpejine Ha yroa 30°, h Ubc » noBepHyioro b 
tom x<e HanpaBJíeHHH Ha yroJi 90°. 

Oóuthh bhji paccMaTpHBaeMoro 4 > HJIbT pa npeaciaBaeH 
Ha (})Hr. IV,89. Ha ^HHeitHbie Hanpn>KeHHH U A b h Ubc bkxio- 
neHbí nepBHHHbíMH 33 XCHM 3 MH A, B h C b oómeM caynae 
aBa „njiena" 4 >HJibTpa, npe^CTaBJíHiomHe conpoTHBJíeHHH 
c aKTHBHOH h peaKTHBHOH cjiaraiomHMH; oaho H 3 njieH MO- 
HceT 6 biTb TaKxce aBTOTpaHC<i>opMaTopOM HanpnxceHHH. 

BTopnqHbíMH 33XCHM3MH (})HabTpa HBJíHiOTCH onpeAeJieH- 

Hbie TOHKH X VI y 9 THX IIJIQH. 

12 PeuetÍHan 3amHra 


BwnojiHeHHoe t 3 khm o6pa30M ycipofiCTBO 3aMep«eT 
TOJIbKO HanpflXCeHHH OTpHnaTeJIbHOH noCJieAOBaTeJIbHOCTHt 

[JI. 12]. 

Ha (Jmr. IV,91 flaHa noieHUHajibHan anarpaMMa xaa 
cjiynaH, Koraa k nepBHHHbíM 3a>KHM3M 4>HJibTpa noflBeaeHa 
CHCTeMa HanpHxceHHň oTpHuaTejibHon nocjie^oBaTejibHocTH. 
riocjieAHHfl oTJiHqaeTcn ot cncTeMbi nojioxcHTejibHOH nocae- 
AOBaTejibHocTH nopn^KOM qepe^OBaHHH (})a3, no9TOMy AaHHax 
anarpaMMa MOXceT 6biTb nojiyqeHa H3 npenbi^ymen nocpe^- 
ctbom nepeMeHbí MecTaMH HanpaxceHHň U AB H Ubc • BMecre 
c HanpHxceHHHMH U A b h Ubc nepeHocHTCH h xcecTKo cbh- 
3aHHbie c hhmh noTeHUHajibHbie TpeyrojibHHKH ABx h BCy. 

HanpaxceHHe Ha btophmhwx 3axcHMax (})HJibTpa, hbjihk)- 
meecH b paccMaTpHBaeMOM cayqae npn oTcyTCTBHH Harpy3- 
kh HanpHxceHHeM xojiocToro xoíta u xx , onpeAeJiHTCH KaK 
CTopoHa x^paBHoóe^peHHoro TpeyrojibHHKa Bxy(Bx = By) 
c yraoM npn BepniHHe a + p -+- (p = 120°: u xx == *Bx. 

TaKHM o6pa30M npn npHJioxceHHH k nepBHHHHM 3axcn- 
MaM «2 noJiyqaeM Ha BTOpnqHbix 3axcHMax nponopunoHaab- 
Hoe eMy HanpaxceHHe: 

u xx = m-U 2 , (IV, 57) 

rae m — K09(|)HUHeHT nponopuHOHaabHocTH. 

H3 H3JioxceHHoro CJiejiyeT, hto, Boo6me roBOpn, pacno- 
jiaran coBMemeHHyio Toqxy xy AKarpaMMH (})Hr. IV,90 b 
pa3JiHHHbix MecTax njiocKocTH TpeyrojibHHKa jiHHeHHbix Han- 
pHXCeHHH, MOXCHO nOJiyHHTb npOH3BOJIbHO ÓOJIbUIOe KOJIH- 
qecTBO pa3JiHHHbix TpeyrojibHHKOB ABx h BCy , a cjieaoBa- 
TeJibHO, Taxoe xce KOJinnecTBO bhaob njien (})HJibTpoB h 
C aMHX cxeM <J)HJIbTpOB. 

KpHTepHH AJIH OUeHKH <})HJIbTpOB. Bw6op HaHBbirOA- 
HefiuiHx cxeM (JjHJibTpOB OTpHuaTejipHOH nocjieAOBaTejibHO- 
cth cjieayeT npoH3BOflHTb, hcxoah h3 cjieítyiomHX TpeóoBa- 
hh2 [JI. 12]: 

1) M3KCHMaJIbHOÍI HyBCTBHTeJIbHOCTHJ 

2) MHHHMajibHoro noTpeójieHHH b BOJibTaMnepax (onpe- 
AejineT Harpy3Ky Ha TpaHcýopMaTopbi HanpnjKeHHH) h BaT- 
Tax (onpeflejiaeT KoannecTBO BbuiejiHiomerocH TenJia); 

3) MHHHMajibHoro HanpflxceHHH HeóaaaHca. 
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4 >HJIBTpbI, K 3 K npaBHJIO, HCeJiaTeJIbHO HM 6 Tb IIO B03M0HC- 
HOCTH ÓOJiee UyBCTBHTeJIbHblMH. OflHaKO 9 TO TpeÓOBaHHe, 
B 3 HToe H 30 JiHpOBaHHO, He xapaKrepH 3 yeT KauecTBa ^hjibt- 
pa, T 3 K KaK, yMeHbmafl conpoTHBJíeHHH njieu, bo 3 mohcho 
H pH jiioďoh ero cxeMe noBumaTb qyBCTBHTejibHocTb. 

rioaTOMy KaqecTBO <])HJibTpa aojihcho xapaKTepH 30 BaTb- 
c* coMexaHHeM nepBoro h BTOporo TpeóoBaHHH, uto b pe- 
3 jrabTaTe npHBonHT k cjienyiomHM noKa 3 aiejiHM <J)HJibTpoB: 

1) OTHOUieHHK) M3KCHM3 JlbHOH MOIUHOCTH Pp max H3 BTO- 
pHqHbix 33>KHMax cxeMbi (})njibTp-pejie npH HeKOTopoft Be- 

nonBeneHHoro « 2 k moiuhocth, noTpeóaaeMOH <|>HJib- 
TpOM HJIH aKTHBHhlM noTepaM b HeM npH noflBeneHHH k ero 
lepBH^HblM 3 a>KMMaM u x = Ž/ 2 ; 

2 ) oTHouieHHio HanpHHceHHH He 6 ajiaHca, 
oóycjioBjíeHHoro OTKJioHeHHeM uacTOTbi ot pac- ^ 

SeTHOH npH HeKOTOpOM í/j, K 9TOMy ttj H OTHO- ” 
CKTeJlbHOMy H 3 MeHeHHK) UaCTOTW. fS. 


TaKHM o6pa30M ycjioBHio MaKCHMajibHoro 3 HaueHHH P p 
COOTBeTCTByeT z p = Z 0 M , npH KOTOpOM 

D /*! X 7 en \ 


P _ u xx _ 

pm “ 2 (1 + COS f )- Z^ K 


(iv, 61) 


M3 paecMOTpeHHH (IV, 61) cjienyeT, hto zijih naHHoň cxe- 
Mbí (jíHJIbTpa HeOÓXOAHMO CTpeMHTbCH HMeTb MaKCHMaJIbHbie 
u xx hjih c yueTOM noTeHUHajibHoíí nHarpaMMbi (})Hr. IV, 91 
h BwpaaceHHH u xx = Y 3 Bx , coBMemeHHyio TOHKy xy 
cjienyeT pacnojiaraib Ha bo3mohcho óojibuieM paccroHHHH ot 
B epuíMHu B TpeyrojibHHKa. 3 to nojioaceHHe Hcnojib30BaHo 
Mixte Bbióopa napaMeipos pa3jiHUHbix thiiob (JjHJibTpoB, 
CxeMa cjwjibTpa c aBTOTpaHc<})opMaTo- 
POM HanpsnKeHHH H aKTHBHO-HHAyKTHBHblM 
KOHTypoM ($Hr, IV, 92). rioTeHUHajibiiaH AHar- 
paMMa (})HjibTpa npu HajiHHHH Ha 3aHCHiiax ero 


W'}W* R 0 


sA u. 


x, I R A x c R c 


Owr. IV, 92. CxeMa 4>&JibTpa c aBTO- 
TpaHC(|)OpMaTOpOM HanpHJKeHHH H 
aKTHBHO-HHAyKTHBHblM KOHTypOM. 


<l>Hr. IV, 93. IloTeHUHajíbHaji 
AuarpaMMa (JnuibTpa no 
4>nr. IV, 92. 


<l>Hr. IV, 94. CxeMa (jwjibTpa 

C UByMH aKTHBHO-eMKOCTHhJMH 
KOHTypaMH. 


ycjioBHH nojiyqeHHH MaKCHMajibHoň moih,hocth Ha 
sa>KHMax cxeMbi <})HJibTp-pejie. MomHoerb Ha 3a»cHMax 
^HJibTpa 

P p = ř p -g p . (IV, 58) 

Tok i p b oĎMOTKe pejie c conpoTHBJíeHHeM z p onpeAe- 
jihctch MeTonoM cynepno3HUHH. fljin stoto BKJiioHaeM b 
uenb peae ABe paBHbie h npHMO npOTHBonojioacHbie 9. a» c. 
BeJIHHHHOH e = u xx \ npH 9TOM, OHeBHAHQ, BCe COOTHOlUeHHfl 
B cxeMe OCTaiOTCH HeH3MeHHblMH. 

McKjifOHaa e t HanpaBJíeHHyio no u xx , nojiyqaeM pencHM 
c oahoh e = u xx h HanpaBJíeHHOíl HaBCTpeuy nocjienHeMy. 
3 tot peiKHM He ouiHnaeTCH ot xojiocToro xo^a h naeT 
CJiaraiomyio i p = 0. 

McKJiioqaa e t HanpaBJíeHHyio npoTHB u xx , nojiyuaioT koh- 
Typ, COCTOHIUHH H3 Z pf COnpOTHBJíeHHH (J)HJIbTpa H CHCTeMW. 
ConpOTHBJíeHHe CHCTeMW C H3MepHTeJIbHWM TpaHC^OpMaTO- 
pOM HanpHHCeHHH no CpaBHeHHK) C conpoTHBJíeHHeM (JíHJIbTpa 
H Zp HHHTOHCHO MaJlO H HM MOHCHO npeHeÓpeUb, CUHTaSI 
4)HJibTp Kax 6bi 3aKopoueHHbiM Ha nepBHHHbix 3ancHMax ABC . 
Torna b cxeMV BOHneT HMnenaHC KopoTKoro 3aMbiKaHHH 
(|)HJibTpa Z0 K . ílojiHbiH tok b pejie i p , paBHbiH BTOpoň ero 

caaraeMOÍi i rt p ( ť p = 0), c yqeTOM H3JiO)KeHHoro paBeH 


| Z $.K J T Z p\ \ Z <£. K^ z p\ 


(IV, 59) 


nepBHUHOH OĎMOTKH TOJIbKO 
HanpHHceHHÍi nojioacHTejibHoíi 
nocJienoBaTejibHocTH (w 2 = 0, 

Í p = 0) CTpOHTCH, HCXOAH 
H3 cjienyiomHx cooópaaceHHH 
(<j>Hr. IV,93). 

OĎMOTKa aBTOTpaHC^Op- 
MaTopa oÓTeKaeTCH oahhm h 
T eM »ce TOKOM. riOSTOMy no- 
TeHUHajibi ero . OTnejibHbix 
ToneK pacnonaraioTCH Ha 
npHMOH, coBnanaiomeH c A 
BeKTOpOM HanpHHCeHHH u ABt 
B uacTHocTH Ha stoh npaMoň ^>wr. IV, 95. rioTeHUHajibHas 
KOJDKHa HaxonHTbCH TOHKa x nnarpaMMa no 

h, cjienoBaTejibHo, coBMe- $ht. IV, 94. 

meHHaa TouKa xy . 

Pa3HOCTb HMnenaHCHMx yrjioB neyx cocTaBJíHiomHX By 
h yC conpoTHBJíeHHH onHoro njieua He MoaceT 6biTb óojibme 
90°. riosToiiy TouKa xy He MoaceT ynajiHTbca ot BepuiHHbí B 
óojiee ueM Ha 0,5 U ABu 

TaKHM o6pa30M TOUKa xy pacnojiaraeTCH Ha cepenHHe 
CTOpoHbí AB ; oTciona cjienyeT, uto o6a njieua aBTOTpaHc* 
4>opMaTOpa HMeioT onHHaKOBoe hhcjio bhtkob w ' = co- 
OTHosseHHe conpoTHBJíeHHH npyroro njieua 



Moiiuioctb Ha ocHOBaHHH (IV, 58) c yneTOM (IV, 59) 


Pp ~ \z A 


_ 1 •U 2 t = — 

r+*d* 


-í/ 2 *. (IV. 60 ) 


Z ( p , tc 11 ne 3 


rne n — oTHomeHHe Monyjiefi h a cp — pa3H0CTb hx 
HM nenaHCHbix yrjioB. 

MancHMajJbHOMy 3HaueiiHK) P p COOTBeTCTByeT MHHHMajib- 
Hoe 3HaneHHe sHaMeHaTejin (IV, 6u). JIjih onpenejieHHH mhhh- 
MyMa 3«aMeHaTejiH npnpaBHHBaeTCH Hyjiio ero nepBan npo- 
H3BonHaa no nj OTciona nojiyuaeM n = 1. 
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1 Y 3 
Rc'-xc— 2 ' 2 

K09$HHHeHT, xapaKTepH 3 jiomHň HanpjiHceHHe xoaocToro xo>- 
^ / 3 

na (cm. IV, 57) m = —. 

4>HJibTp, BbinycKaeMbiH 3aBOflOM X3M3, o6jianaeT ot- 

HOCHTeJIbHO HeBHCOKHMH nOK33aTeJIHMH. Jly^UIHM B pHJie 
CJiyuaes HBJíaeTCH BapnaHT c aKTHBHO-eMKOCTHW m KOHTypoM. 



Cxenia (|)HJlbTpa C AByMfl aKTHBHO-CMKOCTHblMli KOH- 
TypaMH (<j>nr. IV, 94). noTeHUHajibHaa AHarpaMMa ajih Han- 
pflHCeHHÍÍ IIOJIOHCHTeJIbHOH nOCJieAOBaieJIbHOCTH CTpOHTCa 
cjieíiyiomHM oópa30M (čpur. IV, 95). Pa3HOCTb HMneaaHCHbix 
yraoB AByx qacieři Kawfloro njie^a <j>HJibTpa He MoaceT npe- 
BbicHTb 90°. IIoaTOMy nojiOMceHne coBMemeHHoň tocích xy 
orpaHHHHBaeTca jxyFaMH nojiyoKpyiKHOCTeF, onHcaHHbix Ha 
CTopoHax AB h BC , KaK HaAHaMeTpax, h cooTBeTCTByioiuHMH 
qacTHMH 3 thx CTOpoH. B npenejiax stoh 30hh HaHÓojibiiiee 
paccioflHHe ot BepniHHbí B HMeeT TOHKa, pacnojio>KeHHafl Ha 
cepeAHHe CTOpoHbí AC. B Hen h cjieayeT noMecTHTb cobmc- 
meHHyio TOHKy xy. Otooaz cjieayeT, hto cooTHouieHHe co- 
npoTHBJíeHHH naen 


Ra :x a'Rc- x c 


_ 3 JL 3 

— 2 : 2 : 6 


1 


* 2 * 


J3.0CT0HHCTB0M (J)HJIbTpa HBXHeTCH UaflaH 33BHCHMOCTb 
B paÓOTe OT H3M6H6HHH HaCTOTM. ÍIOSTOMy, HeCMOTpfl Ha 

HecKOJibKo 6o;iee HH3KHe noKa3aTeJiH no noTpeóJiaeMOH 

MOIUHOCTH H pOTepHM, HCM y (JíHJlbTpOM C 0 £HHM aKTHBHO- 
eMKOCTHblM KOHTypOM OH M 03 K 6 T ÓbITb p 6 K 0 M 6 HAQBaiI K npH- 
M 6 H 6 HHK) B KaneCTBe OCHOBHOrO. 

B 3aKJiioqeHHe cjieayeT oTMQTHTb, hto bchkhh (jwjibTp 
OTpHuaiejibHóH nocjiejiOBaTejibHOCTH mo>k6t 6biTb npeB- 
pameH b ^hjibtp noaoacHTejibHoň nocjieaoBaTejibHocTH ne- 
peMeHOH weciaMH kohuob 4>a3, nonBOflHMhix k jjByM H3 
íiepBnqHbJx 33HCHMOB <J*HJibTpa. noKa3aieaH KanecTB sthx 
4>HJIbTpOB B CBH3H C flpyrHMH yCJIOBHHMH HX paÓOTW HeC- 
KOJIbKO OTJIHHHbl OT paCCMOTpeHHbIX BblUie. 


£0. OUEHKA flHCTAHUHOHHOrO ílPHHUHnA 
M OBJIACTb ErO ÍIPHMEHEHHJI 

OueHKa AHCTaHUHOHHOň 3aiHHTM C T04KH 
3peHHH c4>opMy^HpoBaHHbix paHee rjiaBHUx Tpe- 
ÓOBaHHň npHBOAHT K C/ieAyK>mHM OCHOBHblM 
BbiBo^aM: 

1. Ce/teKTHBHOCTb AeňCTBHH. Jlncraa- 
UHOHHas 3amHTa no npnHunny CBoero .aežCTBHa 
AOflxíHa oóecnennBaTb cejieKfHBHoe OTKJiioMeHne 
noBpeacfleHHoro yaacTKa b ceTax jnoóoň kohcJih- 
rypaaHH c jhoďhm nnc/tOM hctohhhkob nnTaHHH. 
Ohnáno Ha paóoTy AHCTaHuHOHHoň 3amHTbi oxa- 
3HBaeT B.iHAHHe pa# 4 )aKT0 P 0B » HCKaHtaiomHx ee 
noBe^eHne (nepexoaHue coiipothbjichhh b MecTe 
noBpeHcaeHHH, KaaaHHa h t. a) h oóyc./iOB- 
^HBaromHX B03M0HCH0CTb BenpaBHJIbHOI'0 aefi- 
CTBH8.* 

2. BbicTpoTa ie8cTBH3. MrHOBeHHoaefl- 
CTByromeň Bbino/tHaeTCH TO^bKO nepBaa CTyneHb 
3amHTbi, oxBaTMBaiomaH ho 6o;iee 75-5-80% njm- 
hh 3amHmaeMoro ynacTKa. noBpeHí^eHHa Ha 
ocTajibHoft A^iHHe /tHHHH OTK^K>HaK>Tca b ^yameM 
c^yaae c Bbiaep>KKaMH BpeMeHH 0,8-5- 1,2 cen. 
Taxaa 3aTaacKa b oTKJiioaeHHH noBpemaeHHft, xo- 
Ta h yAa^eHHux ot ihhh cooTBeTCTByiomHX 
noacTaHUHž, aB^aeTca b pa^e c^yaaeB, ocoĎeHHO 
npn Hečo^buiofl íUiHHe ^iHHHft, Hexíe^aTe^bHOň 
h/ih Aaace HeAonycTHMOň c tomkh 3peHHa coxpa- 
HBHHa ycToťíaHBOCTH pačoTU CHCTeMbi h 6ecne- 
peňoňHoň pačoTbi ee noTpeÓHTe^eň. 

HeOÓXOAHMO TaKHte HMeTb B BHAy, HTO Bpe- 
MeHa AeflCTBHa nepBux eryneHeft cocTaB^aioT aac- 
to BecbMa 3HaaHTejibHbie Be^HHHHbí b 0,1 -5-0,3 cex 


3. HyBCTBHTeflbHOCTb. npHHUHnHajlbHO 
3amHTa MO*eT HMeTb AOCTaTOHHyiO ayBCTBHTeJlb- 
HoCTb, onpeaeflaeMyio xapaKTepHCTHKOii nycKo- 
Boro opraHa. O^HaKO npaKTHaeCKH BBH^y Heo6- 
xoahmocth OTCTpoňKH ot tokob HenoBpexcfleH- 
Hbix (J)a3, OT ÓO^brnHX OUIHČOK cymecTByiomHx 
OMMeTpoB npn Ma/tbix Toxax h t. a. ayBCTBH- 
TeJibHOCTb 3ain,nTbi b pa^e c.iyaaeB no^yaaeTca 
HeAOCTaTOHHOň. 

4. HaAeatHOCTbi YaeT pa3^HHHoro po^a 
4>aKTOpOB, BJIHaiOmHX Ha nOBeaeHHe ^HCTaHUHOH- 
HOft 3amHTbI, npHBOAHT K C03flaHHIO BecbMa 
c^ioJKHbix cxeM, cocToamHX H3 oaeHb óo^bmoro 
aHc^ia pejie, HMerouinx óojibmoe mhc^o noc^ieAO- 
BaTe^bHo AeflcTByiomHX 3aMbiKaiomHX h pa3Mu- 
KaiomHX KOHT3KTOB h Tpe6yiom.Hx cneuHa^bHoň 
peryjiHpoBKH pejie AJia coBMecTHoro aeňcTBHa. 
Bce sto 3aTpyaHaeT 9Kcn^oaTauHio t 3 khx 3am,HT 
H MOHteT npHBOAHTb K HapyiueHHIO HX npaBH^b- 
HOft paóoTH. 

HecMOTpa Ha nepeaHC^eHHbie He^ocTaTKH, ah- 
CTaHHHOHHbie 3amHTbi mnpoKO pacnpocTpaHeHH. 
3 to oĎtacHaeTca b aacTHOCTH TeM, hto To^bKO 
AHCTaHUHOHHbíň npHHUHn ^aeT B03MOHCHOCTb Bbl* 
noJiHHTb 3amHTy, Morymyio oóecneaHTb b ceiax 
jnoóoro THna ceJieKTHBHoe OTK/tioaeHHe Henoc- 
peACTBeHHO 3amHHiaeMoro yaacTKa h hihh CMe®- 
hux noACTaHUHfl. Bo^iee npocTbiMH, fleuieBHMH 
h Ha^encHbíMH no/tyaaiOTCH cxeMu c Hcnojib30Ba- 
HHeM HMnejiaHCHbix opraHOB Bu^epacKH BpeMeHH, 
npHMeHHMbix rjiaBHbíM očpa30M AJia cereŘ Hanpa- 
aceHHa 35 kV h HHace. 

iÍHCTaHU.HOHHaa 3auiHTa HMneiiaHCHoro THna 
HB^aeTca ochobhoS Ana 3amHTbi OAHHOHHbix jihhh& 
b ceTHx cjioacHoň KOHénrypauHH HanpaxceHHeM 
35 kV. 

ZtHCTaHUHOHHaa 3am,HTa peaKTaHCHoro Tuna 
Hcno^b3yeTca b KaaecTBe ochobhoS b MeHee 
OTBeTCTBeHHbix h 6o^ee ycxoňaHBbix ceTax Hanpa- 
HceHneM 110 kV. B óo^ee OTBeTCTBeHHHX ceTax 
9Toro HanpaaceHHa, paóOTaiomnx č^nace k npeae- 
ny ycTOňaHBOCTH, b nocJieOTee BpeMa b KaaecT- 
Be ocHOBHblx aamHT CTpeMaTca Hcno^b30BaTb 
óo^ee coBepmeHHbie npHHunnbi (paccMOTpenHbie 
HHHce HanpaB^eHHbie 3amHTbi c BbicoKoaacTOTHU- 
MH 6/tOKHpOBKaMH h npojo^bHbie AH^epeHUHajib- 
Hbie 3ain,HTbi). C .npyroň CTopoHbí, npn ncno^b- 
30B3HHH B ceTax 110 kV AHCTaHUHOHHOrO npHHHHna 
b ue^ax ynpomeHia cxeM h noBbiuieHHH hx 
H 3A6JKHOCTH ^8 33WHT OT 33MbIK3HHň MeHCfly 
(f)333MH (npH KOTOpbIX MeHee BepOHTHbl, aeM 
npn 33MblK3HHHX Ha 3eM^IO, ÓO^bHIHe Rn B MeCTe 
noBpeacfleHHa) b noc^eAHee BpeMa aacTO Hcno^ib- 
3yioTca HMneflaHCHbie OMMeTpu. 

B ceTax HanpaaceHHeM HHace 35 kV CTpeMHTCa 
npHMeHaTb čo^ee npocTbie h aemeBbie npHHUH- 
nw 3amHTbi, aeM flHCTaHUHOHHbiň. STOMy b pa^e 
c^yqaeB cnocoócTByioT Taxace 6o^iee npocTbie 
Tnnbi KOH(j)HrypaiiHH h KOMMyTauna yKa3aHHbix 
ceTeů. 
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rJIABA riflTAfl 


JXH4>EPEHUMAJIbHA51 3ALUHTA 


1. nPHHUHn flEHCTBHfl 

XtHíJjepeHiíHa^bHoň Ha3biBaeTca 3amHTa, ocho- 
BaHHan Ha npHHLmne cpaBHeHHH tokob b Haqajie 
h b KOHue 3auj,HmaeMoro sJíeMeHTa h;ih b kbkhx- 
ji h6o ^Byx ero TOHKax. 

HMeioTCH ^Be npHHUHnHa^bHbie cxeMbi jxn(j)e- 
peHUHa^bHoíi 3amHTbi: 

1) CXeMa C UHpKyjIHpyiOmHMH TOKaMH; 

2) cxeMa c ypaBHOBeiueHHbíMH HanpfUKeHHHMH. 




<í>nr. V, 1. nipHHUHnHaibHafl 
cxeMa AH(J)epeHUHajibHOH 3a- 
mHTW C UHpKyjIHpyKHUHMH 
TOKaMH. 



í>nr. V, 2. PacnpejiejieHHe 
tokob b uenn AH^epepqH- 
ajibHoň 3amHTbi npH 3aMH- 
k3hhh b npeaejiax 3amnmae- 
moh 30Hbi (cjiyqafi ojuiocto- 
poHHero nHTaHHíi). 

f, 7, 



r 


4>Hr. V, 4. npHHUHnuaflbHaa 

CXeMa AH<Í>epeHllHajIbHOft 3a- 
IUHTbl C ypaBHOBemeHHNMH 
HanpBBceHHflMH. 


<J>Hr. V, 3. PacnpeaeJieKHe 
tokob b ueiiH «H«})epeimHajib- 
HOft 3aiHHTU npH 33MM- 

KaHHH b npefleaax sammua- 
eMofl 30Hbi (cjiyqaň c AByx- 
CTOpOHHHM riHTaHíieM). 


KaK B TOM, TaK H 

b apyroM aiyaae a.tch 
ocymecTB^eHHs 3amHTbi 
b Hanajie a KOHije 3amn- 
maeMoň 30 hh yctaHaB- 


■TTHBaEOTCH H3MepHTe^Ib- 
Hue TpaHC<í)opMaTopbi TOKa. 3am,Hm,aeM0ft 30Hoň 
MOryT HBAHTbCH OTae^bHbie .7IHHHH, UIHHbl CTaHUHft 
h noACTaHUHft, o6motkh reHepaiopoB, TpaHc<f)op- 
MaTopoB, flBHraTe^eň h t; a- 

npHHtiHnHajibnaa cxeMa 3am,HTbi c aapKy^n- 
pyiomHMH TOKaMH npeACTaBfleHa Ha <J)Hr. V, 1. 
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TpaHC<|>opMaTopbi TOKa noAČHpaioTCH oahothii- 
HblMH H C paBHblMH 1l m C TeM, HTOÓbl npH p3B- 
HblX nepBHHHbIX TOK3X / BTOpHMHbie TOKH i SbJJIH 
Taxxce paBHbí MeatAy co6oň. 

BTOpHHHbie OĎMOTKH TpaHC(|)OpMaTOpOB TOKa, 
ycTaHOBJíeHHbix b HaqaJie h KOHue 3amHinaeMoro 
s^eMeHTa, coeAHHeHbí MeacAy co6oft noc./ieAOBa- 
TeabHO, t. e. „KOHeu" btophmhoA oďmotkh TpaHc- 
$opMaTopa Tona / coeAHHeH c „Haaa/toM“ bto- 
pHHHOft OČMOTKH TpaHC(j)OpMaTOpa TOKa //. Flo- 
^apHoCTb oOmotok npeAno^araeTCH cootbctct' 



4>Hr. V, 5. CxeMa 3aMemeHHH Anc|)epeHuna.7i>HOH 3aiHHTí>i c 
ypaBHOBemeHHbíMH HanpsniceHHflMH. 


Byiomeň npaBH^aM, ycTaHOBJíeHHHM b ra. II. yc- 
jiOBHoe no^oacHTe.ibHoe HanpaB.ieHHe tokob a3ho 
H a (Jjht. V, i. 

BTOpHHHHe tokh TpaHC<|)opMaTopoB TOKa on- 
peAe/tajoTca cneAyíoiHHMH cooTHonieHHHMH: 


h 



i — 11 

111 -wí* 


(V, 1) 
(V, 2) 


ripn HopMa^ibHOM peacHMe paĎOTbi h npH no- 
BpexAeHHH BHe 3amHmaeMofi 3 ohh (npn ckbo3hom 
KO pOTKOM 3aMbIKaHHH) TOKH B nepBHHHblX OČMOT- 
Kax TpaHC(J)opMaTopoB'Tona, npeHeóperaa eMKO- 
cthumh TOKaMH h TOKaMH yTeHKH, paBHbí MeacAy 
coóoň. 

ílOSTOMy TOKH BO BTOpHHHMX OÓMOTKaX TpaHC- 
(})OpMaTOpOB TOKa TaKaCe MOaCHO CMHTaTb OAHHa- 
KOBbíMH. 

Pejie npHCoeAHHaeTca k BcnoMoraTe^ibHWM 

npOBOAaM BTOpHHHblX OĎMOTOK TpaHC<í>OpMaTOpOB 
TOKa napa^e^bHO, h tok b ero o6motkc paBeH 
reoMeTpHHeCKOň pa3H0CTH btophhhhx tokob. 
npHHHMas 3a no^oacHTeJibnoe HanpaBaeHHe TOKa 
b pe^ie c^eBa HanpaBo, nojiyaHM 


íp — ii — hu 


(V, 3) 


ripn HopMa^ibHOM peacHMe paOoTH 3amHm,ae- 
Moro sjíeMeHTa BTa pa3HOCTb a^ih HAea^bHHX 
TpaHc<i>opMaTopoB TOKa paBHa Hy^io. B bciiomo- 
raTeJibHux npoBOAax cxeMbi 3amHTbi, coeAHHaio- 
IHHX BTOpH>lHbie OÓMOTKH TpaHC(J)OpMaTOpOB TOKa, 
UHpKyjiHpyeT tok, paBHbiů no Be^HMHHe BTopna- 



HOMy TOKy TpaHC(J)opMaTopoB TOKa, noaTOMy ohs 
h Ha3biBaeTCH cxeMoň c uHpKyjmpyiomHMH TOKaMH. 
JlonycKaa, hto i TpaHC<})opMaTOpOB TOKa ocra- 
iotch paBHbíMH no BeAHqHHe n oahh3KObhmh no 
HanpaBAeHHio npn Aioóoň kP3thocth /, mohcho 
noAaraTb tok b peAe paBHMM HyAio h npn ckb 03- 
HOM KOpOTKOM 3aMHKaHHH. 

CAeAOBaTeAbHO, npn HopMaAbHOM pexHMe pa- 
6 oth 3amnmaeMoro 9A6MeHTa n ckbo3hom kopot- 

KOM 33MbIKaHHH i p s= 0, h 3amHTa He AeňCTByeT. 

npn noBpeacAeHHH b 3amHmaeMOfi 30He n nn- 
TaHHH TOAbKO C OAHO0 CTÓpOHbl (/jj = 0) TOK BO 
BTopnqHOň nenn TpaHC^opMaTopa TOKa / paBeH 
TpaHC(J)Op.MHpOBaHHOMy TOKy KOpOTKOrO 33MHK3- 
HHH Í 3 . ťlOAarafl, HTO OTCOCa TOKa BO BTOpHHHyiO 

oóMOTKy TpaHc4>opMaTopa TOKa II HeT, tok b peAe 
(<t>nr. V, 2) 

ip = l\ 3=3 i 3 • (V > 4) 

PeAe noAeňCTByeT n otkaiohht noBpeacAeHHbiíl 
ynacTOK, ecAH i p OKaaceTca óoAbine i p . m . 

- Ilpn 3aMbiK3HHH b 3amHwaeMož 30He n npn 
nHTaHHH c AByx CTopoH corAacHO 4>nr. V, 3: 

ip — ii-\-in— 4. (V, 5) 

npHHunnHaAbHaa cxeMa AHťjjepeHunaAbHOft 3a- 
iahth c ypaBHOBemeHHbíMH HanpaaceHnaMH npHBe- 
AeHa Ha c|>Hr. V, 4. MaKCHMaAbHoe TOKOBoe peAe 
BKAioaeHo b paccenKy coeAHHHTeAbHHx npoBOAOB 
MeHíAy BblBOAaMH BTOpHMHHX OÓMOTOK TpaHCí^Op- 
M3T0p0B TOKa C OAHHaKOBOň nOAapHOCTbK). B co- 
OTBeTCTBHH co cxeMoň 3aMemeHHH (4>nr. V, 5), 
cocTaBAeHHOŘ aah cxeMU'(J)Hr. V, 4, tok qepe3 
oÓMOTKy peAe 


tag e\ h eu — a. a. c. btophhhmx oómotok TpaHC- 
4>opMaTopoB TOKa, a Z = Z np -\- Z p -\- Z a \-\- Z e n — 
HMneAaHC BTopaqHOň uenn, BKAioqaioineň conpo- 
THBAeHHe CoeAHHHTeAbHHx npOBOAOB Znp, HMne¬ 
AaHC OÓMOTKH peAe Zp H HMneAaHCH COÓCTBeHHO 
BTOpHHHHX OÓMOTOK TpaHC<])OpMaTOpOB TOKa Z e l 
H Zeli. 

CymecTBeHHbíM OTAHqneM npHHUHnnaAbHoň 
cxeMbi c ypaBHOBemeHHHMH HanpajKeHHHMH ot 
CXeMbl C UHpKyAHpyiomHMH TOKaMH HBAaeTCa TO, 
hto b nepBOfl npn HopMaAbHOM peacHMe paóOTbi 
H npH BHeniHeM 33MbIKaHHH TOK BO BTOpHHHOfl 
uenn OTCyTCTByeT. HanpaaceHHa Ha btophhhhx 
OÓMOTKaX OÓOHX TpaHC(j)OpMaTOpOB TOKa B33HMHO 
ypaBHOBemeHH. řípa noBpeacAeHHH b 3amHwae- 
Moň 30He paBHOBecne MeatAy a. A. c. btophhhhx 
OÓMOTOK TpaHCíjíOpMaTOpOB TOKa HapymHTCH, H 
qepe3 oóMOTKy peAe nofiAeT tok. PeAe noAeň- 
CTByeT h otkaiomht noBpeacAeHHbiň yqacTOK. 

BeAHHHHa TOKa bo BTopnaHOň uenH, a cacao- 

BaTeAbHO, H B peAe, 33 BHCHT OT KpaTHOCTH TOKá 
KopoTKoro 33 MbiKaHHa b 3 aiunmaeMoft 30 He. 


TaK, HanpHMep, npH OflHocropoHHeM nHTaHHH MecTa no- 
Bpe»AeHHfl npeaeabHafl Bejiimmia TOKa b peae, npene6peraa 
b ueaax ynpomeHHH Z ($Hr. V, 5), cocTaBHT nojioBHHy npn- 
BBACHHoro TOKa KOTOpuft pacnpeAejiHTCH nopoBHy Meway 
uenHMH HaMarnHHHBaHHfl AByx TpaHc$opMaTopoB Tona. 

KaHCAaa H3 paccMOTpeHHbix npHHunnHaAbHbix 
cxeM AH(f)epeHHHaAbHoň 3amHTbi HMeeT cboh npe- 
HMymecTBa h HeAOCTaTKH, yqeT kotophx no3BO- 
AHeT npoH3BecTH BHÓop HaHBbiroAHefimero aah 
K a*Aoro KOHKpeTHoro CAyqaa BapaaHTa. 

HanóoAee qacTO npHMeHaeTca cxeMa c unp- 
KyAHpyioiiřHMH TOKaMH. Oah3ko 9Ta cxeMa b pac- 
CMOTpeHHOM 9AeMeHT3pHOM BHAG MOJKeT ÓblTb 
HCn0Ab30BaHa TOAbKO aah ynaCTKOB, HMeiOmHX 
He3HaqHTeAbHyio AAHHy, He npeBocxoAflniyio He- 
CKOAbKHX COT MeTpOB, TaK KaK npH ÓOAbUieft 
AAHHe 3amnmaeMoro yqacTKa conpoTHBAeHne uenH 
BCIÍOMOraTeAbHHX npoBOAOB CT3H0BHTC3 y>Ke 
BeCbMa 3H3qHTeAbHbIM. BCAeACTBHe 9TOTO TOq- 
HOCTb paóoTH TpaHccf)opMaTopoB CHH3HTCH. B uenn 
peAe, Aaace npH HopMaAbHOM peacHMe, MoaceT 
nOHBHTbCH 3HaqHTeAbHblfl TOK, OÓyCAOBAeHHblň 
p33HOCTbIO BTOpHqHbIX TOKOB TpaHC(j)Op^5aTOpOB 
TOKa. npH BHeuiHeM 3aMbiK3HHH 3a cqeT eme óoAb- 
rnero B03pacTaHHH ouihóok TpaHC(|)opMaTopoB 
TOKa stot^ tok MOHceT eme óoAee yBeAHqHTbca 
H npHBeCTH K HeceAeKTHBHOMy AeflCTBHK) 3aUl,HTH. 

/Iah yMeHbmeHHa conpOTHBAeHHa npoBOAOB 
HeoóxoAHMo yBeAHHHTb hx ceqeHHe. OaH3KO 9TO 
npHBOAHT K HenpHeMAeMOMy B03paCT3HHK) HX 
CTOHMOCTH. 

Rji a yqacTKOB óoAbmeň aahhh noaTOMy óoAee 
npHMeHHMa cxeMa c ypaBHOBemeHHbíMH Hanpaace- 
HH3MH. OTCyTCTBHe TOKOB BO BTOpHqHOň UenH 
npH HopMaAbHOM peHCHMe H CKB03HHX KOpOTKHX 
33MbIKaHHaX n03B0AaeT npHMeHHTb B 9TOÍI cxeMe 
coeAHHHTeAbHHe npoBOAa MaAoro ceqeHHa h ocy- 
mecTBHTb 3amHTy c MeHbniHMH nepBOHaqaAbHbíMH 
33TpaT3MH. 

npHHUHnHaAbHaa cxeMa AH(|)epeHUHaAbHOft 3a- 
mHTbi Ha paBHOBecne HanpaaceHHň no 4> Hr - V, 4 
HMeeT, 0AH3K0, PHA CBOHX HeAOCT3TKOB, OrpaHH- 
qHBaiomHX ee npHMeHeHHe. 

BTOpHHHHe OÓMOTKH TpaHC(j)OpMaTOpOB TOKa 
coeAHHeHbí HaBCTpeqy Apyr Apyry. Btophmhhíí 
TOK B TpaHC^JOpMaTOpaX TOKa npH HOpMaAbHOň 
paóOTe 3amHmaeMoro yqacTKa OTCyTCTByeT, n 
TpaHCíJjopMaTopH paóoTaioT b peacHMe xoAOCTOro 
xoAa. Becb nepBHHHHň.TOK b abhhom CAynae hact 
Ha c03A3HHe MarHHTHOro noTOKa. 3to mohcct 
nocAyacHTb npHqHHofi HeAonycTHMoro neperpeBa 
CT3AH TpaHC<|>OpMaTOpOB. KpoMe TOTO nHKH Ha- 
npaaceHHfl Ha BTOpnqHHX oÓMOTKax TpaHC(J)opMa- 
TOpOB TOKa, OCOĎeHHO npH CKB03H0M KOpOTKOM 
3aMHK3HHH, MOryT OKa3aTbCH OqeHb BblCOKHMH, 
onacHbíMH aah oócAyHťHBaiomero nepcoHaAa h 
UeAOCTH H30AHU.HH. B COeAHHHTeAbHbIX npOBOAaX 
ÓOAbUIOň AAHHbl MOryT HMeTb MeCTO eMKOCTHHe 
TOKH, CnOCOÓHbie BH3B3Tb HeCeAeKTHBHOe AeňCT- 
BHe 3aUI,HTbI (cm. ta. V, § 3). 
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TpaHC(j)OpMaTOpH TOKa B HOpMaAbHOM BbinOA- 
HeHHH (cm. ra. II) He AonycKaioT peacHMa paóoTbi 
•C p330MKHyT08 BTOpHHHOft OÓMOTKOfij n09T0My 
b cxeMe AHCpepeHUHaAbHoft 3amHTbi Ha paBHOBe- 
■cne HanpflHceHHň HeoóxoAHMO hak npHMeHSTb 
cneuHa^bHbie TpancťpopMaTopbi TOKa h./ih k bh- 

BOAaM BTOpHHHblX OÓMOTOK TpaHC(J)OpMaTOpOB 
TOKa HopMaJibHoro THaa npncoeAHHHTb aoiioahh- 
Te^bHbie aKTHBHHe conpOTHBAeHHH (<pHr. V, 6). 


k 



<J>nr. V, 7. XapaiCTepHCTHKa 
TpaHc^opMaTOpa TOKa npn 
nocTOHHHOH Harpy3Ke. 


4>nr. V, 6. npHHUHiiHajibHaH 
cxeMa AH^epeHUHaJibHOH 3a- 
IUHTU C ypaBHOBemeHHblMH 
HanpínKeHHBMH npn iiiymH- 
pOBaHHH BTOpHMHbIX OÓMOTOK 
TpaHC(j)OpMaTOpOB TOKa co- 
npOTHBJíeHHHMH. 


4 



<í>Hr. V, 8. XapaKTepHCTHKa 
AByX TpaHC(j)OpMaTOpOB TOKa 
npn paóoTe hx b cxeMe w- 
$epeHUHajibHoíf 3ammbi. 


ripnMeHeHH3 cneuHa^bHbix TpaaccpopMaTopoB 
TOKa Heiie^eCOQ6pa3HO. IIIyHTHpOBaHHG BTOpHH- 
HblX OÓMOTOK AOnOAHHTeAbHblM COnpOTH BJIGHHeM 
BbI3bIB3GT yC^OMCHGHHG CXGMH H B HGKOTOpoS 
CTGI1GHH MOJKGT CHHJKaTb Í p npH nOBpGJK^GHHHX 
b 3amHmacM0ft 30hg. B nacTHOCTH, noaTOMy Ta- 
Kaa cxcMa pacnpocTpaHGHHH hg noAynHAa. 

CxGM3 Ha paBHOBGCHG HanpHHCGHHft npHMG- 
HSGTCH noaTOMy aah, AHipGpGHUHa^bHoň 3amHTbi 
JIHHHft, KaK 9TO ÓyAGT yKa3aHO HHHCG, B HeCKOAbKO 
H3M6HGHHOM BHflG.' 


2. TOKH HEBAJIAHCA 

ripH paCCMOTpGHHH npHHnHIIHaAbHblX CXGM 
AH(J)GpeHUHaAbHoň 3am«Tbi npcAnoAara^ocb, hto 
npa HopMaAbHOM pexcuMe paóoTbi h npn ckbo3Hom 

KOpOTKOM 33MbIK3HHH TOK B OÓMOTKaX pGAG OT- 
CyTCTByGT. 3T0, OAHaKO, MOXCGT HMGTb MGCTO 
JiHuib npn HAcaAbHbix TpaHC(|)opMaTopax TOKa. 

B AGftCTBHTG^bHOCTH BblHOAHHTb TpaHCípOpMa- 
TOpbl TOKa C TOHHblM COBÍia^eHUGM BGAHHHH HX i 
npH JlIOÓOft KpaTHOCTH / npaKTHHGCKH H6B03- 
MOXCHO. 

flGňCTBHTGAbHaH BGAHHHHa i, KaK H3BGCTH0, 
33BHCHT OT BGAHHHHbl H XapaKTGpa Harpy3KH 

TpaHCťpopMaTopa TOKa h ot bgahmhhu /. 
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Pa3HOCTb MGMCAy AGňCTBHTGAbHOft “BGJIHHHHOň i 
H TOKOM, OnpGAGAHGMMM no HOMHH3AbHOMy K09- 
(pHUHGHTy TpaHC(|)OpMaUHH (npH nOCTOHHHOň Ha- 
rpy3Ke TpaHC<popMaTopa), pe3KO B03pacTaeT npn 
ÓOAbUlHX KpaTHOCTHX I, KOTAS npOHCXOAHT Ha- 
CbímGHHe CT3AH CGpACHHHKa. OÓ-bHCHHGTCH 9T0 
T6M, HTO C yBGJMHGHHGM / B03paCT3GT HHAyK- 
UHH B B CCpfleHHHKG TpaHCfpOpMaTOpa, a C/IGflO- 
BaTGAbHO, H I HaM . TaK K3K 1H,aM hBi/ih6tch ojxhoh 
H3 COCTaBAHIOmHX /, TO CTO B03paCT3HHG BGAGT 
K ÓOAbniOMy CHHXC6HHIO BGAHHHHbl AeftCTBHTeAb- 
HOTO i no CpaBHGHHK) C i, OnpGAG^HGMMM OTHO- 
/ 

D1GHHGM -. 

n m 1 

XapaKTepHCTHKa TpaHC<j)opMaTopa TOKa npn no- 
CTOHHHOň Harpy3Ke noKa3aHa Ha <pHi\ V, 7, rae 
npHMaa 1 cooTBeTCTByeT H^ea^bHOMy, a KpnBaa 2 

AefiCTBHTeAbHOMy H3MeHeHHK> i, B 33BHCHMOCTH 
OT KpaTHOCTH /. ' 


<í>Hr. V, 10. CnocoĎ BbipaBHH- 
BaHHti njieq flH$epeiiu,HaJib- 
HOfi 3aiIlHTM BKJUOqeHHeM 
Onr. V, 9. nepeceKaroiuaecfl aono.iHHTeJibnoro conpoTHB- 
xapaKTepHCTHKH jByx TpaHC- jieHHa. 

4>opMaTopoB TOKa npn pa- 
éoTe hx b cxeMe flH^epen- 
UHaabHoň 3amHTbi. 

B npe^e^ax Majiux KpaTHOCTeft / neňCTBH- 
Te^bHMň i Ma^io OTJiHneH ot ero BeAHHHHbí, on- 

peAe^aeMOft HOMHHaAbHblM n m , H 33BHCHM0CTb 
MeJKAy HHM H / AOCTaTOHHO ÓJIH3Ka K npHMO^H- 
HeňHoft. 

pea^bHoň 3amHTbi HMeeT 3HaqeHHe npe- 

H3MeHeHHH I OT HOMHHaAbHOft BeAHHHHbl AO 

20-5-30-KpaTHoro ero 3HaHeHHS. Y xoporno no- 
AOópaHHux TpaHC^opMaTopoB TOKa xapaKTepn- 
CTHKH, nOHTH COBHaAaiOmHe npH He3HaHHTeAb- 
hwx I, npn óoAbniHx KpaTHOCTHX TOKa MoryT 
HMeTb cymecTBeHHoe MextAy coSofl otahhhg. 

Ha cfwr. V, 8 rjih npHMepa noKa3aHU Aee TaKne 
XapaKTepHCTHKH (/ H 2) TpaHC(J)OpMaTOpOB TOKa 
oaho 8 <pa3bi, ycTaHOBAeHHbix b Hana^e h b KOHQe 
3amHmaeMoro ynacTKa. 

KpHBan 3 xapaKTepH3yeT coóoň 3aBHCHMOCTb 
pa3H0CTH i ot I. 3ry pa3HOCTb cpaBHHBaeMbix i, 
3aMbiKaiomyioca nepe3 pe^e npn oTcyTCTBHH no- 
BpeXÍAeHHH B 30HG 3aiUHTH, Ha3blBaiOT TOKOM 

HeóaAaHca i H 6. 

B HeKOTopwx cjiynasix xapaKTepncTHKH TpaHC- 
4>opMaTopoB TOKa nepeceKaioTca, h Torna, KaK 
sto cae^yeT H3 (pnr. V, 9, i H s b npeAeaax HeKO- 
Topbix KpaTHOCTeft TOKa MoaceT yóuBaTb. 





Tok Heóa^aHca, oĎycAOBAeHHbiň HeHAeHTHH- 

HOCTbK) XapaKTepHCTHK TpaHC<t»OpMaTOpOB TOKa, 
onpeaejifleTca* npH oahom h tom xce 7 cootho- 
uieHHeM 

Íh 6 = h — in- (V, 7) 

BupaaceHHe (V, 7) mojkct 6uTb npeACTaBAeHO 

TaKxce b cjie^yiomeM BHAe: 

Íh 6 il íll === Í»aM I j 

^wa,i(II) === ÍhomII li (V,8) 

r^e /' — nepBHHHbifl tok, npHBeAeHHbiň k HHCAy 

BHTKOB BTOpHHHOfl OÓMOTKH; 

ÍhomI H iuaMll — TOKH HaMarHHMHBaHHH TpaHC(|»Op- 
M3T0p03 TOKa 7 H 77. 

H3 (V, 8) CAeAyeT, hto i H g onpeAeAHeTCH reo- 

MeTpHHeCKOň pa3HOCTbK) HaMarHHMHBaiOmHX TOKOB. 

BeAHHHHa P33HOCTH HaMarHHaHBatOIUHX TOKOB, 
a c^eAOBaTe^bHO, h snaneauQ í H 6 33bhcht ot ne? 
.noro pa^a npHHHH. OcHOBHbíMH H3 hhx hbah- 
lOTca: 

1) Heo^HHaKOBbie Marmmibie CBOňCTBa CTaAH- 
MarHHTonpoBOAOB TpaHC(J)opMaTopoB TOKa H CBH- 
33HHbie C 3THM pa3AHHHbie MarHHTHbie COnpOTHB- 
achhh; 

2) HeCHMMeTpHHHOe BbipOJIHeHHe CX6MU AH- 

4>epeHUHa^bHoft 3amHTbi. 

CHHHteHHe BeAHHHHbl í H g, OČyCAOBAeHHOrO He- 
OAHHaKOBblMH MaTHHTHblMH CBOňCTB3MH TpaHC(j)Op- 
MaTopoB TOKa OAHoro KOMHAeKTa AH^epeHUHaAb- 
ho8 samHTbi, ocymecTBAaeTCa H3roTOBAeHH6M 
CepAe«ÍHHKOB H3 CT3AH OAHOň íiapTHH H TipaTeAb- 
hum noAĎopoM nonapHO HanfíoAee 6ah3khx no 
XapaKTepHCTHKC TpaHC(J)OpMaTOpOB. 

BTopaa npnqHHa noaBAaeTca b tom CAy- 
aae, ecAH aahhh, a 'CAeAOBaTeAbHo, n conpoTHB- 
jieHna BcnoMoraTe^bHbix npoBOAOB ot MecTa 
npHcoeAHHeHHa peAe ao btophhhux oďmotok 
rpaHC(})opMaTopoB TOKa (nAenn AH<J)epeHUHaAbHoň 
3aiAHTbl) HeOAHHaKOBbl. 

flpH CKBOSHbix 3aMbiK3Hnax norpeniHocTb TpaHC- 
^opMaTopoB TOKa c noBbímeHHoň Harpy3Koň mo- 
JKeT yBeAHaHTbca b SoAbuieft CTeneHH h tcm ca- 
MbiM noBAenb 3a coóoň 3HaHHTeAbHoe B03pacTaHHe 
TOKa HeóaAaHca. 

B ueAax ycTpaHSHHa HecHMMeTpnH b cxeMe 
b nAeao c MeHbmeň aahhoh coeAHHHTeAbHux npo- 
BOAOB HHOrAa BKAIOHaiOT AOnOAHHTeAbHbie conpo- 
THBAeHna ($nr. V, 10). 

3. TOK TPOrAHHfl H BblAEPMíKA BPEMEHH 
AH4>EPEHU,HAAbHOH 3ALU.HTU 

npHHUHnna^bHo 3amHTa MoaceT 6utb BunoA- 
HeHa MrHOBeHHOAefiCTByiomeň h nosTOMy, KaK 
npaBHAo, ocymecTB^aeTca 6e3 AonoAHHTeAbHOň 
BblAepxCKH BpeMeHH. 

BeAHMHHa ip.m AH(J)epeHHHaAbHoS 3amHTbi 3a- 
bhcht ot i H 6 h BbišnpaeTCH aah npeAOTBpameHHH 


HeceAeKTHBHoro AefiCTBna npn ckbo3hmx kopot- 
khx 3aMbiKaHHax BMme ero MaKCHMaAbHoro 3Ha- 

HeHHa • , . 

lp.\m — KhIh6 max, (v , 9) 

TAe —KOS^HUHeHT HaAEXťHOCTH. 

řípa CKB03H0M KOpOTKOM 33Mb!KaHHH í u0 3a- 
bhcht He TOJibKO ot nepHOUHqecKoň, ho h ane- 
pHOAHMeCKOft COCTaBAaromHX I 3 (cm. ta. II, § 11). 
AnepHOAHaecKaa cocTaBAaiomaa HMeeT fíoAbuioe 
3HaqeHHe TOAbKO b HaaaAbHbiň momcht h 3aTeM 
6ucTpo 3aTyxaeT. Ilpn TpaHc<|)OpMannH anepno- 
AnaecKOň cocTaBABiomeň nepBHHHoro TOKa I HaM 
pe3Ko B03pacTaeT. ripn stom pe3Ko MoxceT bo3- 
pacTH h i H 6. npH 33TyxaHHH TOKa noBpexcAe- 
hhh i„6 \ TaKHce cpaBHHTeAbHo óbiCTpo 3aTyxaeT 
(4)ht. V, 11). CneAOBaTeAbHo, BeAHHHHa i H s 6yAeT 
3aBHceTb ot BpeMeHH t, KOTopoe OTASAaeT Tpe- 
6yeMuň aah yneTa i H $ momcht ot HaqaAbHoro 
MOMeHTa nOBpeXCASHHH. 

B HacTOHinee BpeMH HeT aoct3tohho TOHHoro 
cnocoóa A^ia onpeAeAeHHH i H 6 npH nepexoAHbix 
nponeccax; noaTOMy i p , m 3amaTbi BwÓHparoT Ha 

OCHOB3HHH OnHTHbIX A3HHHX. 

ŽUh cxeMbi AH(|)epeHUHaAb- 
HOft 3amHTbI C UHpKyAHpyiomH- 
MH TOK3MH, yCTaHOBAeHHOft Ha 
HeóoAbniHX no aahhc yqacTKax, 
h npn TmaTeAbHOM noA6ope 
TpaHc4>opsiaTOpOB TOKa (coma- 

4>ht. V, 11. npHMepHaji 

33BHCHMOCTb TOKa Ee- 

óa^aHca ot BpeMeHH. 

CHO 10% KpHBMM, Ha3HaqeHHe KOTOpWX yKa3aHO 
B TJl. II, § 12), ip.m BblÓHpaeTCH OĎblHHO B 

20-f-60% ot HOMHHaAbHoro 3HaqeHHa i, t. e. 
b npeAeAax 1 -4-3 A. 



4- OUEHKA AHOEPEHUHAJIbHOrO nPHHUHIIA 

no cpaBHeHHio c paccMOTpeHHbíMH paHee npHH* 
unnaMH peAeftHbix 3aniHT ahhh 8 AH(J)epeHUHaAb- 
hm 8 npHHunn HMeeT 3HamíTeAbHbie npeHMymecTBa. 

HeňcTBne AH<t»epeHUHaAbHoň 3amHlrbi He Tpe- 
(5yeT AAH CeAeKTHBHOCTH corAacoBaHHH c 3ama- 
t3mh nocAeAyiomHx h npeAbiAymHx ynacTKOB, 
TaK KaK Ha BHeniHHe 3aMbiKaHHH OHa He pearH- 
pyeT. CAeAOBaTeAbHo, OTKAroneHne noBpeacAeH- 
Horo yqacTKa MoxceT 6uTb npon3BeA6Ho c co6- 
CTBeHHHM BpeMeHeM AeflCTBHH peAe H BMKAKJqa- 
TéAH. 

KaK npaBHAo, i p . m MeHbuie HOMHHaAbHoro TOKa 
Harpy3KH; CAeAOBaxeAbHO, 3amnTa noAyqaeTCH 
AOCTaTOHHO HyBCTBHTeAbHOft. CxeMa CpaBHHTeAbHO 
npocTa HAeřlCTBHe ee npHHnuriHaAbHO AOCTaTOHHO 
HaAeacHo. 

TaKHM oópa30M AHťJjepeHnuaAbHaH ,3amnTa, 
HBAHHCb CeAeKTHBHOň npH AlOĎblX CXeMaX KOM- 
MyTauHH CHCTeMbi, b KOTOpyio bxoaht 3amHmae- 
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Mas AHHHH, MyBCTBHTSJIbHOň H ĎHCTpOAeílCTByiO- 

mefi, npHHUHrmajibHO OTBenaeT ochobhmm Tpe6o- 
B3HHHM. npH npaKTaqecKOM ocymecTBJíeHHH AH- 
^epeHUHa^bHaa 3amaTa oĎHapyacHBaeT, OAHaKO, 
pflfl He^OCTaTKOB. 

K BKcn^oaTauHOHHUM HeAOCTaTKaM Aa^epeH* 

UHaJIbHOft 3aiUHTH HeOĎXOAHMO OTHeCTH B 03 M 0 MC- 
HocTb HecejieKTHBHoro ee AeňcrBHH npa noBpeac- 
AeHHH BO BTOpHMHbIX UeHHX. řípa OĎpbIBe, Ha- 
npHMep, coeAHHHTe^bHux npoBOflOB cxeMbi ah- 
ÝepeHuaa^bHoft 3amaTbi c napKyAapyiomHMH to- 
k3mh qepe3 pette 3aMbiKaeTca noAHbiň btophhhwS 
paóoaHfl tok 3amHmaeMoro y*iacTKa, KOTopuft 
MoaceT OKa 3 aTbca 6o./ibme, qeM i p . m . B cxeMe 
Aa^epeHnaaAbHofi 3amaTbi c ypaBHOBemeHHHMH 
HanpaaceHaaMH i p MoxceT pe3KO B03pacTH h bh 3- 
BaTb Hece^eKTHBHoe OTKAioneHae HenoBpeacaeH- 
Horo yqacTKa b tom CAyaae, ecAa npoa3oňAeT 

KOpOTKOe 33MHK3HHe MOKfly BCnOMOraTeAbHUMH 
npoBOAaMH. 06puB BcnoMoraTeAbHbix npoBOAOB 
b cxeMe c ypaBHOBeuieHHbíMH HanpaaceHaaMH Be- 
aeT k OTKašy 3amaTU b AeňcTBaa npa 3 aMbiKaHaa 
b 3amamaeM0ft 30He. 

řípa HeaAeHTHHHbix TpaHC<|>opMaTopax TOKa 
(HanpaMep, b cxeMax Aa<t>epeHuaa./ibHbix 3amaT 
TpaHC<J)opMaTopoB, cm. ra. IX) OTCTpOňKa ot to- 
kob HeóaaaHca npa ckbo3Hux kopotkhx 3aMUKa- 
HHHX OÓyCAOBAHBaeT HeOČXOAHMOCTb Bblóopa 
oaeHb ČOAbinHX i p . m , hto 3arpy6AaeT 3amaTy. 
CyinecTByiomae cnocoóbi noBbímeHaa qyBCTBH- 
TeabHOCTH 3amaTbi paccMaTpHBaiOTca Hance. 

5. CnOCOBbl nOBblUIEHHfl MyBCTBHTEJIbHOCTH 

MaKCHMaAbHaa BeAHHHHa i H s, Kaa ynce OTMe- 
qaAOCb, 33 BHCHT ot / npa BHeuiHeM noBpeacAe- 
hhh, a /—ot BHAa nOBpe>KAeHHa h pencaMa pa- 
6 oth cacTeMbi. 

BpocoK i H 6 b HaqaAbHuft momcht h xapaKTep 
ero 3 aTyxaHaa otahíhu ot H3MeHeHaa /. Maaca- 
MaAbHoe 3HaaeHae i H 6 noayqaeT qepe3 hckoto- 
puň npoMeacyTOK BpeMeHa nocjie bo3hhkhob6hhh 
KO pOTKOrO 33MbIK3HHH (B npeA6A3X HeCKOJIbKHX 
nepaoAOB) a 3aTeM óbiCTpo 3aTyxaeT ao bcah- 
aaHbí i„6 ycTaHOBHBuieroca pencaMa. 

Bo3HHKaeT Bonpoc o ueAecoočpa3HocTH b ne- 
jihx noBbímeHaa qyBCTBHTeAbHOCTH AH^epeH- 
naaAbHoft 3aiaHTbi ycTaHaBAHBaTb ee i p . m He no 
HaaaAbHOMy naxy 4<? max, a no HeKOTopoft MeHb- 
uiefl ero BeAnnaHe, cooTBeTCTByiomefi BpeMeHa t 
(4>ar. V, 11), t. e. 4 <j. 

Hto6h H36eacaTb npa stom HeceAeKTHBHoro 
AeňcTBHa 3amaTbi npa BHeniHax noBpencAeHasx, 
caeAyeT BBecTa b cxeMy HapaAy c tokobhm pe^e 
eme pe^e BpeMeHa c BMAepacKoň, HecKoabKo 6oAb- 
uieft t. HyBCTBHTeAbHocTb 3amnTbi npa 9 tom no- 
BbiniaeTca, ho HeTpyAHo BHASTb, hto 9to noBH- 
meHHe npaoCpeTaeTCH 3aMeAAeHaeM AeňcTBaa 
áamHTH npa BHyTpeHHax noBpeacAeHaax, t. e. 
CHHaceHHeM ocHOBHoro KaqecTBa An<j?epeHitaaAb- 
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HOfi 3amHTbI. riOSTOMy T3KHM nyTeM qyBCTBHTeAb- 

HOCTb Aa^epeHuaaAbHoň 3amaTbi oóbiHHo He no- 
BHUiaiOT. 

MeponpaHTHHMH, noBbiraaiomHMH qyBCTBHTeAb- 
HOCTb AHťJepeHuaaAbHux 3amaT, HBAaioTca: 

1) BKAtoneHae nocaeAOBaTeAbHO c peae ao- 
6aBOMHoro conpoTHBAeHaa; 

2) npaMeHeHae pa3Horo bhas peae c TopM03- 
hbim AeňCTBaeM. 

IlepBbifl cnocoó, HaaSoAee npocToň, no3BOAaeT 
orpaHHHHBaTb 3HaqeHae i H 6 b pe^e npa ckbo3hhx 
KO pOTKHX 3aMbIK3HHHX, CHHHCaeT TeM CaMblM i p . m 
a noBbímaeT qyBCTBHTeAbHOCTb 3amaTbi. 0 ah3K0 
9Tot cnocoň, nparoAHuů TOAbKO a^ih cxeM c nap- 
KyAapyrontHMH tokbmh, b oómeM c^ynae He AaeT 
B03M0HCH0CTH yAOBAeTBOpHTeAbHO pa3peUIHTb BO- 
npoc O nOBUUieHHH HyBCTBHTeAbHOCTH AH<f>epeH- 
uaaAbHbix 3aniHT. 

B nocAeAHee BpeMH 6oAee coBepuieHHHM chh- 
TaeTca cnocoS acnoAb30BaHHa b cxeMax Aa^epeH- 
uaaAbHoft 3amaTH pe^e c topmo3hum AeňCTBaeM. 

B T3KHX peAe i p .m HMeeT 33BHCHMyiO OT TOKa 
xapaKTepacTHKy a B03pacTaeT c^.yBeAaqeHaeM 
TOKa CKB03H0r0 KOpOTKOrO 3aMbIK3HHH. 

6. BKJltOMEHHE nOCJlEflOBATEJlbHO C PEJ1E 
AOBABOHHOrO COnPOTHBAEHHfl 

riocAeAOBaTeAbHO c o6motkoíí MaKCHMaAbHoro 
TOKOBoro peAe (4>ar. V, 12) BKAionaeTCH AOĎaBoq- 
Hoe conpoTHBAeHae, KOTopoe orpaHaaaBaeT bo- 
jiHHHHy i H 6 b pe^e npa 3aMbiKaHaa BHe 3amamae- 
MOft 30 HbI. řípa 9T0M HMeeTCH B03M0HCH0CTb 
B33Tb Í p . m MeHbHIHM, HOBblCHB TeM CaMWM HyBCT- 

BHTeAbHOCTb 3amHTbi npa noBpeKAGHHHX b npe- 
Ae^ax 3amamaeM0ň 3 ohw. 

I 9tO MOHCHO OÓOCHOBaTb CAeAyiOniHM 0Ópa30M. 
Ha $ar. V, 13 npaBeAeHa cxeMa 3aMeiu.eHH3 
npaMeHHTeAbHO k Aa4»epeHuaaAbHOň 3aniHTe 
4>ar. V, 12, tas: 

V — nepBHHHblft TOK TpaHC(|)OpMa- 
Topa TOKa, npaBeAeHHbiň k hh- 
CAV BHTKOB BTOpaMHOfioSMOTKU; 
k h in —BTopaHHbie tokh TpaHC^opMa- 
TOpOB TOKa; 

Íhmmi h hrnuli — HaMarHHHHBaiomHe tokh; 

i H g — tok HefiaAaHca b o6motkc pe^e; 
Z t i a Zen — HMneAaHCbi coĎCTBeHHO BTopaq- 
Hbix OÓMOTOK TpaHC(J)OpMaTO- 
pOB; 

Z HiSM i a Zhbm ii — HMneAaHCbi myHTOB HaMarHana- 
B3HH3; 

Z p — oóniaft HMneAaHc uena pe^e. 

ri0^b3yncb 3HKOH3MB Knp\TO(^a, M05KH0 COCT3BHTb ypaB- 
. H6HHH TOKOB B OTfle.TbHblX y3aax H IiajieHHH HaiipH>KeHHřÍ 

b cooTBeTCTByiomHx Komypax. 

Tax, HanpuMep, HMea ypaBHeHHH 

ll-l'-t*OMU ( V ’ 10 ) 

*11 9 Í V » ^ ^ 



Íhó — h — *n, (V, 12) 

*HdM I # Z H dM I ^ fl^fil “1“ *HÓ * Zp, (V> 1 8) 

^dUl^HdMl — l l^6l + ~~ íHdM II * ^HdM II ( V > 

h pernaíi hx coBMecTHo, nojiy^aeM BbipaHceime i H $ b c ne- 
jiyiomeM BHjote [JI. 1]: 


b ijenH pejieř OKaaceTca qpe3MepH0 6ojibniHM, tc> 
npH noBpeHCAeHHH b 3amHmaeMoft 30He 6o;iee 
3HaqnTejibHaH qacTb i ochoto TpaHC(f)opMaTopa 
TOKa dyjxeT OTBeTBJíHTbcn qepe3 BTopHHHyio 06- 
MOTKy jipyroro TpaHC<f>opMaTopa, MHHya iienB 
pejie. KpoMe Toro VBeJinqHTCH h „BHyTpeHHHit 


HdMl (Zpil ” 1 “ Z HaM Ji)_ Z homU ( Z el + Z HaM í) 


1 h 6 1 Z p (Z gl + Z HaMI + Z gll -t 

ZfidM li) + ( Z «I + Z HaMl){ Z elI + Z HdMll) 


(V, 15) 


M3 (V, 15) cfleayeT, >ito i H g HMeei MaKCHMaabHoe 3Ha- 
qenHe npn Z p = 0. 

CaeflOBaieabHo, yBejHwenHe Z p sa chct BKjnoqeHHs b 
uenb peae flonoaHHTeabHoro conpOTHBJíeHHs aeťicTBHTeJibHo 
CHHwaeT i H g. 


B COOTBeTCTBHH C npH- 
HHTblM Ha (J)Hr. V, 13 
HanpaB^eHHeM tokob b 
OTA ejIbHblX BeTBHX MO)K- 
ho noayHHTb BupaxceHHe 
a. a. c., HHAyKTHpyewoň 

BO BTOpHHHOň OÓMOTKe 
nepBoro TpaHC(J)opMaTopa 
Toxa, b cvieAyiomeM bhac: 

6\ = itigZ p -|— i\Z aV (V, 16) 


I 



<řar. V, 12. CxeMa bkjiio- 
aeHan conpoTHBaeHHa b 
uenb peae. 



Ovít. V, 13. CxeMa saMeiueHna amjjepeHUHajibHOH 33 iuhtm e 

UHpKyaapyiomHMH TOKaMH. 


S^eKTpoABHHcymaH CH^a BToporo TpaHc^op- 
MaTopa TOKa 

£u= ineZp -j- iiiZeii. (V, 17) 

npH npHHHTbix b cxeMe (fwr. V, 13 noxioacH- 
TejibHbix HanpaB^eHHHx i H 6 no^oxcHTe^eH, ec^H 
hto npH Z eI = Z gll nponcxoAHT, KorAa 
TpaHc^opMaTop TOKa I 6ojiee moiuhuží, qeM TpaHC- 
(^OpMaTOp TOKa II. 

ypaBHeHHH (V, 16) h (V, 17) ho3bojihíot ycTa- 
HOBHTb, MTO npH yBe^HHeHHH Z Pí 6ofle.e MOIHHblň 
TpaHC<J>opMaTOp / npn bkjiiomshhh b uenb pe^e 
AonojiHHTejibHoro conporaBJíeHHH HarpyacaeTCH, 
a TpaHC<|>opMaTop //, MeHee MomHbiň,— pa3rpy- 
acaeTCfl. npn stom iu B03pacTaeT, a i\ yMeHb- 
rnaeTCH, BCJieACTBae qero i H g cooTBeTCTBeHHO 
CHHHtaeTCH. 

Be^HHHHa AonojiHHTe^bHoro conpOTHB^ieHHH 
He AOflHCHa CbITb qpe3MepHO 6oJIbUIOŮ BO H3Óe- 
XCaHHe CHHJKeHHH qyBCTBHTeJIbHOCTH 3aiHHTbI npH 
BHyTpeHHHX IIOBpejKAGHHHX. EcAH COnpOTHBXICHHC 


ótcoc“ TOKa 3a cneT B03pacTaHHH i HaM paccMaT- 
pHBaesioro TpaHC(J)opMaTopa TOKa (cm. ivi. II, § 19). 
Bc/ieACTBHe stoto i p MoaceT OKa3aTbca HeAoera- 
TOHHblM H 3aiHHTa He HOAeftCTByeT. 

B pe3y^bTaTe noBbímeHHe qyBCTBHTe^bHOCTH, 
očycAOB^eHHoe CHHHceHneM i p . m , MonceT OKa3aTbca 
MeHbHIHM ee CHHHCeHHH 3a CHeT yBeXlHHeHHH OT- 
cocob b cxeMe. 

npH OAHOM H TOM H<e 3HaqeHHH AOnOJIHHTeJlb-- 

hoto conpoTHBjíeHHH BKJiroqaeMoro b uenb peae 
peaKTHBHoe conpoTHBJíeHHe 6e3 *e^e3a HMeeT 
npeHMymecTBo, KOTopoe 3aK^roHaeTca b ero 3a* 
nHpaiomeM agActbhh no othouichhio k BecbMa 
pe3KO BbipaaťeHHbíM b HaMarHHHHBaioiueM TOKe 
BblCIHHM rapMOHHK3M. 

PaccMOTpeHHbiii cnocoó noBbímeHHH qyBCTBH- 
TejlbHOCTH AH(J)epeHUHa^bHHX 3aUIHT, npHrOAHUft 
TOJIbKO A^IH CXeM C UHpKy^HpyiOiUHMH TOKaMH, 
Hcnojib3yeTca rJiaBHbíM očpa30M jiasi ocymecT- 
BJieHHH AH$epěHUHa^bHbix 3amHT x CHHxpoHHbix re- 
HepaTopoB h ABHraTe^eft b cxeMax c npocTbiMH 
MaKCHMa^bHbíMH TOKOBbíMH pe.ie. 

7. nOBbllUEHHE HyBCTBHTEJIbHOCTH flH<J>EPEH* 
UHAJlbHblX 3A1U.HT nPH HCn0JIb30BAHHH PEJ1E C 
T0PM03HblM flEfilCTBHEM 

npH HCnO^Ib30B3HHH B AH(|)epeHUHa^bHOfl 3a- 
uiHTe npocTbix MaKCHMa^bHbix tokobhx pe^e hx i pm 
BbiSHpaiOT no MaKCHMajibHOMy 3HaqenHio i„g npn 
CKB03HbIX KOpOTKHX 3aMbIKaHHHX. 

Ec^h HapacTaHHe i H g b 33bhchmocth ot H3Me- 
HeHHH TOKa CKB03H0T0 KOpOTKOTO 33MbIKaHHH i 3 
npeACT3BHTb B BHAG KpHBOH ((J)Hr. V, 14), TO xa* 
paKTepHCTHKa i p . m MaKCHMa^bHoro TOKOBoro pexie 
AH4 )e P eHI l Ha<,IbHO ® 3am,HTbi Ha Toft Híe (j)Hrype 
npeACTaBHTCa b bhac npaMOň II, i p . n —k H ÍH6 max, 
rAe i H g max — MaKCHMajibHoe 3HaneHHe TOKa He6a- 
^aHca, cooTBeTCTByjomero MaxcHMajibHO bo3mo)k* 
HOMy TOKy CKB03H0r0 KOpOTKOrO 3aMbIK3HHH 

(TOHKa a (Jwr. V, 14). 


<řHr. V, 14. XapaKTepH- 
CTHK3 TOKa TpOraHHB 
MaKCHMaabHoro tokoboto 
peae npn ncnoJib30BaHHH 
ero b KaiecTse pearHpyio- 
mero oprana an^epeHitH* 
aabHofl 3aiuHTM. 
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VÍ3 čpaBHeHHH xapaKTepHCTHK I vi II c^eayeT, 
qTO iipa Hcnojib30BaHHH b AH$epeHi(na^bHoft 3a- 
au.HTe npocTbix MaKCHMQjibHbix tokobmx peae, 
■OTCTpOeHHblX nO Íp.m^>ÍH6 max, CeJieKTHBHOe Aeft- 
CTBHe 3amnTbi npa BHeiiiHax noBpeacAeHaax o6ec- 
neaHBaeTCH 3a caeT pe3Koro CHaaceHaa qyBCTBH- 
TejibHocTH 3amHTbi k 3aMHKaHHaM b npeAe./iax 
aamumaeMOft 30 hu, conpoBoacAaeMbix Heóo^buiH- 
MH 3HaqeHHHMH TOKOB tlOBpeHCAeHHH. 

Ha 4)Hr. V, 14 3aniTpaxoBaHHyio qaCTb iuioiaaAH 
npaMoyro^bHHKa, orpaHaqeHHyio KpaBoft / h ocbio 
aécuHCc, mohcho CMHTaTb 3OHO0 TpečyeMoň He- 


I<pHBOH / npH JIIOÓOM 3HaqeHHH l a B HAeajIbHOM 
cayqae Ha HeKOTopyio nocTOHHHyio Be^HHHHy kos- 
4>HiiHeHTa 3anaca. 

noAOĎHaa xapaKTepHCTHKa H3MeHeHHH Tona 
TporaHHH no3Bo^aeT 3HaqaTe./ibHO yMeHbuiHTb 
30Hy HeayBCTBHTe^bHOCTH ^HíJjepeHaHa^bHoa 3a- 
IUHTbl AO BejIHHHHbl He3aUITpHXOB3HHOft H3CTH 

njiomaAH (<t>ar. V, 15). 

no CpaBHCHHIO C XapaKTepHCTHKOň paÓOTbl 
AH<í>epeHUHaJlbHOfi 3aiH,HTbI C npOCTblM M3KCHMaJIb- 

hhm tokobwm pe;ie corjiacHO 4>ar. V, 14 no.ay- 
Haetca pacmapeHKe qyBCTBHTe./ibH0CTH 3amaTbi 



O iir. V, 15. XapaKTepHCTHKa Tona 
TporaHHH pe.ie HHiJiepeimHa.ibHOH 
aaiUHTbl C T0pM03HbIM AeílCTBHeM. 



4>ht. V,16. IlpHHnHnHaabHas cxeMa 
BKAioqeHHH AHi^epeHUHajibHoro peae 

C OflHOÍi TOpM03HOÍi OÓMOTKOH. . 


4>Hr. V, 17. ripHHHHnHajibHan cxeMa bkjho- 
neHHH AH^epeHHHaabHoro peae c AByMfl 

T0pM03HbIMH OÓMOTKaMH. 


qyBCTBHTe^bHOCTH 3amHTbI K BHeiUHHM nOBpeHC- 

aeHHaM, oóyc^OB^eHHbíM HaJiHHHeM i H s', B,ca ace 
Be3amTpHxoBaHHaa qaCTb n;ioinaAH HB^aeTCa (J>aK- 
THaecKH 30H0ň BUHyHcaeHHoro 3 arpyó^eHHa qyB- 
CTBHTejIbHOCTH 3amHTbI K BHyTpeHHHM IIOBpeJK- 
AeHHHM, OÓye^OB^eHHOrO TOÍIbKO BblÓpaHHHM ip.m 

pe/ie. 

Hto6h nOBblCHTb HyBCTBHTe^lbHOCTb 3aiH.HTbI, 

aeoĎxoAHMO HMeTb pe;ie c xapaKTepacTHKoň, ot- 
aHaHoft ot Toň, KOTopyio HMeeT npocToe MaKCH- 
Ma^ibHoe TOKOBoe pe^e. npa BHeiiiHHX 3aMbiKa- 
HHax TaKoe pejie ao;ihcho HMeTb TeM óojibuiaň 
MOMeHT, npoTHBoaeficTByiomHň 3aMbiKaHHio koh- 
T3KT0B, qeM ĎO^lbUie KpaTHOCTb TOKa CKB03H0rO 
KopOTKoro 3aMbiK3HHH. HHaqe roBOpa, TaKoe pe^ie 
ao^mho HMeTb xapaKTepncTHKy TopM03Horo Aeft- 
CTBH3,3aBHCHMyiO OT TOKa KOpOTKOrO 3aMMK3HHH. 
npa 3aMbiK3Hnax b tfpeAe.aax 3amaaiaeMoft 

30HbI MOMeHT, IipOTHBOACňCTByiOmHň 3aMblK3HHI0 
KOHT3KTOB pe./ie, AO^JKeH HJIH 0TCyTCTB0B3Tb 

no^HOCTbio hjih ébiTb MeHbuie paóoaero MOMeHTa, 
AeňCTByiomero b CTopoHy 3aMUKaHHa koht3Ktob. 

Ha 4>«r. V, 15 KpnBaa / h npaMaa II npen- 
CTaB^aiOT coóoft Te HCe 33BHCHMOCTH, MTO H Ha 
(Jwr. V, 14. 

KpHBaa III aB^aeTca b abhhom c;iyqae xapax- 
TepHCTHKOň cneuHa^bHoro pe^e c 3 aBHCHMbiM i p . m . 
Tokh, HeoóxoAHMbie aasj aeňCTBHH TaKoro pe^e, 
303paCTaroT B COOTBeTCTBHH C pOCTOM 3HaaeHHH 
TOKOB CKB03HOIO KOpOTKOTO 33MblKaHHH, npH- 
qeM i„6 ocTaeTca Bceraa MeHbrne, aeM i p , Heoó- 
XOAHMUH A-T3 IipHBeAGHHH pe^ie B AeflCTBHe. 

KpHBaa III npeACTaB^aeT co6oň xapaKTepa- 
CTHKy ip.m—fiia), KOTOpaa AOJDKHa 0TCT08Tb OT 
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Ha Becb yqacTOK n^omaAH c BepTHKa^bHoň ihtph- 
xoBKoň, pacno^OHceHHoň MeatAy KpHBoň III h 
npaMoft //.(4>Hr. V, 15). 

noBbímeHHe qyBCTBHTe^bHOCTH AH<|)epeHUHa^b- 
HOÍt 3aiAHTbI npH HCn0Jlb30B3HHH pe^e C T0pM03- 

hhm AeftcTBHeM npaKTHnecKH Moacer 6 uTb ocy- 

mecTB^eHO npHMeHeHHGM:' 

a) pe;ie c T0pM03HbiMH (yAepacHBaiomHMH) 06 - 
MOTK3MH; 

6 ) ó^oKnpyiomHx pe^e; 

b) cneiiHa^bHbix tokobhx pe^e Tana TpaHCAeft. 

f 

8. nPHMEHEHHE PEJ1E C T0PM03HMMH OEMOTKAMH 

J\jl a nOBHHieHHH HyBCTBHTeAbHOCTH 3aiUHT B 
nocAeAHee BpeMa Haaóo^ee qacTo npHMeHaioT 
pejie c T0pM03HbiMH (yAepaíHBaromHMH) 06 - 
MOTKaMH. Ha (Jiar. V, 16 npeACTaB^eHa cxeMa 
BK^iioqeHHH pe^ie c oahoS topmo3hoíí oďmotkoA. 

OÓbiHHO pe^e BbinojmaeTca Ha 9JieKTpoMarHHT- 
hom hjih HHAyKHHOHHOM npHHHHne. Ha (J)Hr. V, 16 
noKa3aHO a^eKTpOMarHHTHoe peae. npa OTcyT- 
ctbhh TOKa b pe^e KOHTaKTbi noA AeftcTBaeM 
npyjKHHbl HaXOAHTCH B pa30MKHyT0M COCTOaHHH. 

06motk3 1 HBJíaeTca paóoqeft oďmotkoA, Hepe3 
KOTOpytO npOXOAHT pa3H0CTb CpaBHHBaeMHX TO¬ 
KOB, oÓMOTKa 2 c^yacHT b KaqecTBe TopMO3H0Ř 
(yAepacHBaioní;eft). 

Pe^ie BunoAHaioT TaK, qro npa oahom a tom 
ace TOKe topmó3ho0 momcht M mopM no^yqaeTca 
MeHbrne pa6oqero MOMeHTa M pa s; AOCTaraeTca 
9TO TeM, MTO ÓepyT Wpa6>WmopM. 

npa HopMa.ibHOM peacHMe paóoTbi a ckboš- 
hhx KopoTKHx 3aMbiK3HHax tokh b HaqaAe H B 



KOflue yqacTKa npaMepHo OAHHaKOBbi. Hepe3 pa- 
dOHyiO OĎMOTKy 1 npOXOflHT TOAbKO Íh6, b to 
BpeMsi KaK aepe3 odMOTKy 2 npoxoAHT no^Hbiň 
TOK. M3-3a pe3KOň pa3HHUbI MeHC^y TOK3MH b 
TopM03Hoft h padoaeň o6motk3x M mopM no^y- 
aaeTCH donbine M pa g, HecMOTpa Ha to, hto hhcao 
bhtkob padoaeň oďmotkh óo^bme HHCAa bhtkob 
T0pM03H0ň OČMOTKH; nOSTOMy KOHT3KTbI pe^ie 
p330MKHyTbI. 

TaK KaK Wpa6 Wmopju, to np« noBpejKaeHHH 
b 3aui,Hiii,aeMOfl 30He, ^a*e b cAyaae nHTaHHH 
TOJIbKO CO CTOpOHbl II, M paS > M mopM , h noaTOMy 
KOHTaKTbi pe^e 3aMi<HyTca. 

CxeMa BK^ioqeHHa pe^e c oahoě topmo3hoS 
OÓMOTKOň (<f)Hr. V, 16) MOHCCT ČblTb BbirOAHO 
HCno^b30BaHa npH OAHOCTOpOHHeM nHTaHHH 3a- 
mamaeMoro 9./ieMeHTa, ecAH TopM03Hyio odMOTKy 
npHCoe^HHHTb k TpaHC(j)opMaTopy Tona npaeMHOň 
CTopoHbi. B 9 tom cjiyaae npH noBpeac^eHHH b 
npe^e^ax 3amHmaeMOň 30Hbi T0pM03H0e Aeňer- 
BHe OTcyTCTByeT. 

Ha 4>Hr. V, 17 npHBeaeHa BbmoAHeHHaa no. 
TOMy jice npHHUHny cxeMa 3amHTbi npn noMomn 
pe^ie c ^ByMH topmo3hmmh o6motk3Mh. B stom 
oiyaae npH ckbo3hom kopotkom 3aMbiKaHHH ae- 
pe3 padoayio oĎMOTKy 7 npoTeKaeT, KaK h b 
npe^HaymeM CAyaae, TOAbKO i H g. 

JleftCTByiomHň b CTopoHy 3aMbiKaHHH koht3k- 
tob M P a6 Maji. Hepe3 T0pM03Hbie oómotkh 2 vi 3 
npoTeKaioT i 3 , odycjiOBanBaiomHe b cepneaHHKe 
9aeKTpoMarHHTa MarHHTHbiči noTOK oAHoro h toto 
ace HanpaBaeHHH. Pe3y./ibTHpyiomHň M mopM , cos- 
AaBaeMufi aMnepBHTKaMH očmotok 2 h 3, y^ep- 

JKHBaeT KOHT3KTU nOABHHCHOfi CHCTeMblB pa30MK- 
HyTOM COCTOHHHH. 

ripn 3aMbiK3HHH b npe,ae;iax 3amHmaeMoft 
30Hbi h npn nHTaHHH yaacTKa ToabKo c oahoíí 
CT opoHbí (HanpnMep, co CTopoHbí 1) i 3 npoTeKaeT 
aepe3 padoayio oÓMOTKy 1 h TOpM03Hyio oómot- 
Ky 2. Cae^oBaTeabHO, pe./ie HMeeT b a3hhom cay- 
aae 3Ha,aHTe./ibHbie M pa s h M mopM . OAHaKO, Bcaea- 
CTBHe Toro hto pačoaaa ofmoTKa peae Buno;i- 
hhí*tch c 604bniHM hkcjiom bhtkob no cpaBHeHHio 
c AK>6ofl H3 TOpM03HbIX OdMOTOK (b A3HHOM Uiy- 

aae npe^noaaraeTca ancAO bhtkob oďmotok 2 
h 3 oahhb kobhmh), M pa $ HMeeT óóabmee 3Haae- 
HHe, aeM M nopM . Pejie 33MKHeT cboh KOHTaKTbi 
h otk.tk)hht noBpe>KAeHHbiň yaacTOK. 

npH HaaHHHH nHraHHH yHacTKa c AByx CTopoH 
ayBCTBHTeabHOCTb 3auiHTbi npn noBpeKAeHHax 
b npe^eaax 3amHmaeMOň 3ohh noBbirnaeTca. He- 
pe3 T0pM03Hbie oómotkh b 9 tom c/iyaae npOTe- 
KaioT i 3 , HMeiomae BCTpeaHoe HanpaBaeHHe; M„ 10pM 
C03^aeTca hx reoMeTpHaecKOň pa3HocTbio, M pa o, 
Hao6opoT, odyc^oBaeH cyMMofl i 3 , noATeKaiomHx 

C AByX CTOpOH. 

TaKHM očpa30M npn AByxcTopoHHeM nHTaHHH 
npHMeHHTb peae C AByMH T0pM03HbIMH o6mqtk3- 
mh, noMemeHHUMH Ha oótuHft MarHHTonpoBoa, 
Haaóoaee BuroAHO. 


H3 $ht. v', 17 caeAyeT, hto Ha noABHHCHyio 

CHCTeMy pe^ie AeňcTByioT momchtu : 

Mpa6 =C pa6 wl a6 il (V, 18) 

H 

n/r _ n ( w mopM . | w mopM . _ 

MmopM — C mopM l 2 ^ l 2 ^) — 

= CmopM^nopuPmopu, (V, 19) 

TA 6 Cpa6 H CmopM K03<|)HUHeHTbI nponopUHO- 
HaabHOCTH. 

B (V, 19) Mmopu BbipaaceH aepe3 npHBeACHHuň 
T0pM03H0fi TOK Í m o P » , paBHbiň reoMeTpHaecKoft 
noaycyMMe btophhhhx tokob 
T paHcčjjopMaTopoB TOKa, ycTa- 
HOBaeHHbix b HaaaJie n KOHU,e 
aauiHmaei^oro yaacTKa, t. e. 

[JI. 2 h JI. 3] 

ímop.w — 2 —~ • ^ ’ 20) 

Ha (J)Hr. V, 18 npHBeAeHa 
HeKOTopaa AnarpaMMa i, i p h 
npHBeAeHHoro i mopM TpaHC(J)op- 
M3TOpOB TOKa. 

npn coBnaAGHHH h h in no 
BeAHaHHe h $a3e hah npn He- 
3HaMHTeAbH0M HX paCXOJKACHHH, 
hto HMeeT MecTo npn BHeuiHHx V, 18. Ben- 

nospeJKAeHHHX, i mopM MoaceT B "" p H a “” 

6e3 3HaaHTeabHOH norpeniHOCTH ^epeHUHajitnoft 
SblTb npHHHT paBHblM í 3 ‘.imopM— 3 aiHHTbI. 

= ii — iii=i 3 . 

npH OTCyTCTBHH TOKa nOABH*Haa CHCTeMa 

pejie yAepacHBaeTca b hcxoahom noAoaceHHH, co- 
OTBeTCTEyromeM pa30MKHyTOMy noAOaceHHio koh- 
T3KTOB, C nOMOUXblO npy5KHHbI 4 ((J)rfr. V, 17). 
CAeAOBaTeAbHO, b pe^e HMeeTca eiue h TpeTHň 
MOMeHT — MOMeHT npyHCHHbí M m . ripeAnoaaraeTca 
npH 9TOM, aTO B tom ace Mm yaHTbIBaeTCH H 
TpeHne, B03HHKaromee npn paÓoTe noABHJKHoň 
CHCTeMu pe^e. 

TaKHM odpa30M oómee ypaBHeHne, onpeAe- 
jiaiomee coóoň ycAOBHH TporaHHa pe^ie, MO«er 
dbiTb npeACTaBaeHO b c^e^yiomeM bhaě: 

M P a6 Mmopx == C pa 6^ pa g i p _ m — 

CmopMWnopM imopM “ (V. 21) 

TAe i p . m HBAHeTCH TeM MHHHMajIbHblM TOKOM B 

padoaeň o6motkc pe^e, KOTopuň HeodxoAHM A^ia 
C03A3HHH M ep , cnocoÓHOro npeoAOJieTb M mop a 
npH AaHHbIX imopu B TOpMÓ3HOŘ OdMOTKe H M„. 

B tom cÁyaae, Kor^a b pe^e i m o P M =0 (Hanpa- 
Mep, npa noBpeacAeHHH b 3amHmaeMoft 30He c 
ii.= — iu), aji a npeoaoaeHHH MexaHaaecKoro mo- 
MeHTa HeodxoAHMO odecneaHTb HaaaAbHufi mo- 
MeHT 

Cpa4wl a6 il m(0) ^M M , (V,22) 
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rae i p . m ( 0 )— Haqa^bHwft tok TporaHHH, npeacTaB- 
^HromHň MHHHMayibHbIH TOK B paÓOWeň OĎMOTKe 

pe^e, Heoóxo^HMbift ajiíi co3.aaHHH M ep , cnocoó- 
Horo npeoao^eTb npoTHBOAeficTByromHň momcht 
npyacHHH h TpeHHH. 

Ecjih yqecTb, hto K09<j)HUHeHTbi nponopuao- 
Ha^IbHOCTH, 3aBHCflmHe B OCHOBHOM OT KOHCTpyK- 
THBHhlX AaHHbIX paČOHeTO H T0pM03H0r0 9^eK- 
TpoMarHHTOB, MoryT čbiTb b AaaHOM cjiynae npn- 
HHTH npHMepHO OJIHHaKOBblMH, TO, HMefl B BHay 
(V, 21) h (V, 22), Mbi MoaceM npH^aTb ypaBHeHHio 
paóoTbi pe^e c^eiiyroiuHň bha: 

®paá íp. m ®mopM ^mopM W pa6 ^p. m(0)' O^ 1 

OnacHOCTb Hece^eKTHBHoro .neňcTBHH pejie 
OT Í H 6 B03HHK3eT npH ia 3HaHHTe^bHOft KpaTHO- 
cth. M mopM , co3flaBaeMuň aMnepBHTKaMH očmotok 
pejie, npn stom cor^acHO (V, 19) bsjihk. Momcht, 


^leftcTBHTejibHo, ecjiH yqecTb, hto b (V, 26) 

kmopM H ip.m(0) HBJIfllOTCH nOCTOHHHblMH, TO HOCMe 

HeKOTopux npeo6pa30BaHHft mojkho npeACTaBHTb 
33BHCHMOCTb ip. m=f(ÍmopM) HOpMajIbHblM ypaBHe- 
HHeM rHnepóojibi 


i* i* 

p. m * mopM 

A 2 ~W~ 


(V, 27) 


W A — ^eňcTBHTeJibHaH, a 5 — MHHMan nojiyocH 

rHnepóojibi. 

Ha <j)Hr. V, 19 npe^CTaB/ieHa aaBHCHMocTb 

Íp.m=f{ÍmopM) B BH^e KpHBOft CLC, COOTBeTCTByK> 

mefi TOJibKO okboř BeTBH rnnep6o./ibi, onpe;ie- 
jiaeuoŘ ypaBHeHneM (V, 27). npHMaa OC HB^aeTCíi 
acHMiiTOToft rnnepĎojibi. . 

B COOTBeTCTBHH C <f)Hr. V, 19 ^efiCTBHTe^bHa« 
nojiyocb rnnepSojiu: A=Oa—i p . m (o), mhhm8h 



4>Hr. V,19. llpHMepHaíi xapaK- 
TepHCTHKa pejie c topmo3hm- 
MH OÓMOTKaMH. 

oóycjioB^eHHbift nepBO- 
HaqajibHbíM HaTHHceHHeM 
npy>KHHbi h TpeHHeM no 
OTHOnieHHIO K M mopM 
Ma ji. C^e^OBaTejibHO, 
npn 6o^binnx i m op% pa- 
6oTa pejie onpe^ejiaeT- 
ca rjiaBHbíM o6pa30M 
OTHomeHneM M pa 6 n 
MmopM- 

Toi\aa 



Owr. V,20. FípHH- 
unnHajibHaíi cxeMa 
AH^epeHUHajibHoíí 
3amHTM nocpeACT- 
bom pejie c Top- 
M03HUMH OÓMOT- 
KaMH. 


4>Hr. V,21. npHHUHnHajib- 
HaH cxeMa jiH^epeHUHajib- 
HOÍi 3amHTU c ĎJIOKHpyiO- 
iuhm pejie. 


HaKJiOHa acHMnTOTbi, t. e. 


Od 

ob 


= tga=£ 


mopM • 


B stom cjiyqae mo>kho cnHTaTb 


W* 


i 2 = w 2 


pa6~p. m ~ mopM "mopM’ 

OTKyaa no^yqaeM, hto 


(V, 24) 


p . m 


W, 


mopM 


1 M 


] pa6 


= M, 


mopM 


_~ mupM i 

= ~Wpo6 = 


mopM 9 


(V,25) 


rae k mopM —K09(f>HUHeHT T0pM05KeHHH, KOTOptlfi 

xapaKTepH3yeT TopM03Hoe AeftcTBHe pe^e. B He- 
KOTopbix c^yMaax ero BbipaafcaioT b %. 

3aMeHHH B (V, 23) qHC^O BHTKOB T0pM03H0ň H 
pafíoqeň oómotok pejie nepe3 hx OTHonisHHe, 
mohcho npeacTaBHTb ypaBHeHHe pačoTU pejie b 
oieayiomeM bhas: 

(V, 26) 

BwpaaceHHe (V, 26) noKa3biBaeT, hto H3MeHe- 

HHe ip. m B 33BHCHMOCTH OT imopM C^e^yeT 3aK0Hy 
rHnepčo^bi. 
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JlH^epeHUHa^bHasi 3amHTa npH noMomn pejie 

C T0pM03HbIMH OČMOTKaMH AeňCTByeT CeJieKTHB- 
HO, T. e. He OT3blBaeTCS Ha CKB03Hble KOpOTKHe 
3aMbIKaHHfl c TOKOM ^lOÓOň KpaTHOCTH, ec^B 
MaKCHMajibHOe 3HaqeHHe i H e npHMeHHTe^ibHO k 
(})Hr. V, 19 (npn ^io6om i m op M ) He npeBoexoAHT 
3HaqeHHň op^HHaT KpHBoň ac. 

npn noBpeať^eHHHX b npe^e^iax 3ammiiaeMofi 
30Hbi pe^e aeňcTByeT b CTOpOHy 3aMbiKaHHH koh- 
T3KT0B, eC^H 3H3BeHHH i p npH COOTBeTCTByiOLUeM 
3HaHeHHH i m0 p M fio^biue opflHHaT Toň *e KpHBoň ac. 

TaKHM 0Ďpa30M BCH 30Ha HHHCe KpHBOft ac 
MoaceT óbiTb oiapaKTepKaoBaHa” - KaK 30Ha Top- 
MoaceHHH, a 30Ha BbíHie KpuBOň ac — KaK paSonaa 
30Ha hjih 30Ha AeňcTBHH pe^e. 

npH npaBH^bHO Bbl6p3HHOM kmopM paCCM3TpH* 
BaeMaa saii^HTa oóecnenHBaeT BbicoKyio qyBCTBH- 
Te^bHocTb npH noBpe>K/ieHHflx b 3amHmaeMoň 
30He H COXpaHHeT CeJieKTHBHOCTb AeňCTBHH npH 
TOKaX CKB03H0T0 KOpOTKOTO 3aMbIK3HH3. 

ycjiOBHoe oóo3HaqeHHe AH(|)epeHH,Ha^bHoro 
pe^e C T0pM03HblMH OČMOTKaMH H 0 ^H 04 >a 3 HaH 



cxeMa eronpHcoe,a;HHeHHH npHBeaeHH Ha cj)Hr. V, 20. 
Ha^HHHe y pe^e TopMoaceHHH OTMeqaeTca 3HauKOM 
%, TaK KaK k m0P M BbipaafcaioT HHor^a b npoijeHTax. 

9. nPHMEHEHHE BJlOKHPyiOIUHX PEJIE 


Konta l p = 0, HanpHMep. npn i moPM = i 3 , h b cbok> oie- 

ÓO^bUieM, qeM MaKCHMaabHblft paÓOqHH TOK, ÓJIOKHpyiO- 
mee peae aoaxcHO HMeTb HaqaabHbifi saeKTpHqecKHH mo- 
MeHT, AOCTaTO^Hblft AJIH IIpeOflOJieHHH M m 

MmopM (0) = CmopM w mopM ^mopM (0) * 27a) 


BaoKHpyiomee peae npeaHa3HaqaeTca aaa npeaoTBpa- 
menna HeceJieKTHBnoro aeHCTBHa AH<})epeHUHaJibHOH 3a- 
mHTbl C npOCTbIMH TOKOBblMH pCJie OT Í H 6 IIpH CKB03HMX 
KOpOTKHX 3aMbIKaHHHX H nOBblllieHHH qyBCTBHTeabHOCTH 3a- 
IUHTbl npH 3aMbIK3HHHX B 3aiUHIUaeMOH 30He, KOr^a TOKH 

noBpe>KaeHHH He3HaqHTeabHbi no BeanqHHe. 

CymHOCTb fleficTBHB óaoKHpyiomero peae noacHaeTca 
cxeMon AH^epeHunaabHOH 3amHTbi ((jjnr. V, 21), rae peae 
1 — npocToe MrHOBeHHoe TOKOBoe pea^, a peae 2 — óaoKH- 
pyiomee peae. 

B ycaoBHHX HOpMaabHoro pexaiMa paóoTu 3amnmae- 
Moro yqacTKa KomaKTbi óaoKHpyiomero peae 3aMKHyTU, a 
KOHTaKTbi TOKOBoro peae pa30MKHyibi. 

Ha noBpeiKAeHHH b npeaeaax 3amHmaeMoS 30Hbi pe- 
arnpyeT MmoBeHHQe TOKOBoe peae 7. npH 3aMWKaHHH koh- 
T3KT0B 9Toro peae noaaeTca HMnyabc Ha OTKaioqeHHe bm- 
KaioqaTeaefi; óaoKHpyiomee peae aoaxcHO npH stom npoaoa- 
acaTb flepiacaTb CBOH KOHTaKTbl 3aMKHyTHMH. npH CKB03H0M 
KOpOTKOM 3aMblK3HHH Í H fr 3aMbIKai0mHeČJI Mepe3 OÓMOTKy 
peae 7, MoryT nocayxcHTb npnqHHOH ero aeHCTBHa. flan 
npeaoTBpameHHH HeceaeKTHBHofi paóoTbi 3amHTH óaoKHpy- 
jomee peae aoaacHO pa3MbiKaTb cboh KOHTaKTH, HCKaioqaa 
3thm B03M0>KH0CTb noaaqn HMnyabca Ha oTKaioqeHHe. 

B óaoKHpyioiueM peae, KaK h b peae c topmo3hmmh 
OÓMOTK 3MH, aeHCTByiOT paÓOHHH H T0PM03H08 MOMeHTM. 

CymecTBeHHbíM OTanqHeM óaoKHpyiomero peae ot peae 
C T0PM03HMMH OÓMOTK3MH HBafleTCH TO, HTO B ÓaOKHpyiO- 
meM peae HanpaBaeHHe aeHCTBHa npyxuiHbí H3MeHeHO Ha 
oópaTHoe; óaoKHpyiomee peae npH 3aMUKaHHH b 3amnmae- 
moh 30He yaepncHBaeT cboh KOHTaKTH b tom xce noaoxceHHH, 
qTO h npH HOpMaabHOM peacHMe paóoTbi, h pa3MbiKaeT hx 
npH 33MbIK3HHH BHe 3aiUHmaeMOH 30HbI. 

flpHHUHn ČaOKHpOBKH MOHCeT ÓblTb OÓT>HCHeH H npaKTH- 
qecKH ocymecTBaeH Ha ocHOBe Hcnoab30BaHHH yxce pac- 
CMOTpeHHoro Bbíme peae c topmo3hhmh OÓMOTKaMH. 

Ha 4>nr. V, 22 npeacTaBaeHa npHHHHnHaabHaa cxeMa, 
noacHínomaa aeficTBHe óaoKHpyiomero peae. 

MrHOBeHHoe TOKOBoe peae, BKaioqaeMoe b aeHCTBHTeal>- 
Hbix ycaoBHHx nocaeaoBaTeabHO c oómotkoh 7 (<J>Hr. V, 21), 
Ha 4 >ht. V, 22 He noKa3aHO. 

B KanecTBe óaoKHpyiomero peae noxasaHO peae c TOp- 
M03HbIMH OÓMOTKaMH, C CCOTBeTCTByiOmHM H3MeHeHHeM B 
pacnoao>KeHHH koht3ktob h npyxcHHbi. 

Pl3 paccMOTpeHHH TOKopacnpeaeaeHHH b oÓMOTKax peae 
caeaye^ hto npn HOpMaabHOM pexcHMe, Koraa /j h i n npaK- 
TnqecKH oaHHaKOBbi, M pa ó hh^tomcho Maa, TaK Ka« qepe3 
oÓMOTKy 1 npoxoaHT ToabKO i H $ HOpMaabHoro pexcHMa. 
4epe3 oómotkh 2 h 3 3a^HKaeTCH HopMaabHbifi tok i. 

, Co3aaBaeMbiň npH stom M mopM aenCTByeT b CTOpOHy pa3- 
MbIK3HHH K0HT3KT0B^ eMy npOTHBOaeHCTByeT M m npy>KHHbI 4 t 
KOTopbiíi npn HOpMaabHOM ^encHMe paóoTbi b coctohhhh co- 
xpaHHTb 33MKHyTOe noaOHCeHHe KOHTaKTOB. 

npH CKB03H0M KOpOTKOM 3aMbIKaHHH M mopM , B03paCT3H, 
OK33bIBaeTCH B COCTOHHHH npeoaoaeTb M Mt H KOHTaKTbl 
peae pa3MbiKaioTCH. 

B cayqae 33MbiK3HHH b npeaeaax 3amHmaeMOH 30Hbi, 
aa>Ke b MeHee óaaronpnHTHbix ycaoBHnx oaHOCTopoHHero 
nHTaHHH, M moDM npH COOTBeTCTByiOmeM COOTHOineHHH BHT- 
kob b paóoqeň h TopM03Hbix oÓMOTKax óyaeT MeHbrne pa- 
óoqero. KoHTaKTbi peae óyayT npHHCHMaTbcn eme óoaee 
naoTHo noa aefíCTBKeM M m h MOMeHTa, oóycaoBaeHHoro 
3MnepBHTK3MH paÓOHeH OÓMOTKH 7. 

ypaBHeHHe paóoTbi óaoKHpyiomHro peae b cooTBeTCTBHH 
c (V, 21) HMeeT BHa 

2 *2 

MmopM M pa $ s: C m0P M w m0 pM imopM 

-C pa6 w^ aS - ? p = M M . (V,27) 


rJie l mopM(0) — MHHHMaabHoe 3Ha i ieHHe TopM03Horo Tona, 
HaqHHaa c KOTOporo peae pa3MbiKaeT cboh KOHTaKTbl. 

ypaBHeHHe paóoTH óaoKHpyiomero peae c yqeTOM 
(V, 27) h (V, 27a) npHMeT BHa: 

2 *2 s * 9 «2 

Cmop m w mopM 1 mopsi ^ pa6 w pa6 l p.m ~ 

— CmopM w mopM *mopM (0) • 0?* 28) 

Ecan b aaHHOM cayqae OTHOuieHHe qncaa bhtkob TOp- 
mo3hoh oómotkh k qHcay bhtkob paóoqeň OÓMOTKH Ha3BaTb 
K03c})HUHeHTOM TopMOxceHHH, t. e. noaoxcHTb 


w 


mopM 


w, 


paó 


*mopM 


(V, 29) 


h KpoMe Toro npHHATb, hto C mopM = C pa6 , to ypaBHeHHe 
(V, 28) npHMeT BHa 


b 1 i 2 — / 2 = k 

K mopM l mopM n 


*p. m 


mopM *mopM (0) (y» 3®) 


HJIH 


p 

mopM 


~p. m 


fl 

1 mopM (0) 


mopM 1 mopM (0) 


(V, 31) 


M 3 (V, 31) caeayex, hto xapaKTepncTHKa paóoTW Óao- 
KHpyiomero peae [i p m = f (i mop ^Í\ npeacTaBaaeT coóoh 
T 3K>Ke rnnepóoay. OTanqHe ee ot rHnepóoabi, xapaKTepH- 
3yiomeň paóoTy peae c 
TOpM03HbIMH OÓMOTKaMH, 

3aKaioqaeTca b ťom, hto 
aeficTBHTeabHaa ocb oaj 
hoíI HBaaeTCH mhhmoh 
ocbio apyroS, t. e., hto, 

BeTBH hx pacnoaoHceHbí 
CHMMeTpnqHO no otho- 
UieHHIO K COnpHXCeHHMM 
OCHM. 

XapaxTepHCTHKa óao- 
KHpyiomero peae npea- 
CTaBaeHa Ha 4> Hr * V, 23 

B BHae KpHBOH bc. Kax 
h b npeawaymeM cayqae, 
xapaKTepHCTHKa nocTpoe- 
Ha ToabKO aaa noaoxcn- 
TeabHbix 3HaqeHHH i pt m h 
BOM BepXHeM KBaapaHTe H3 qeTblpeX B03MO>KHbIX KBaapaHTOB 
npaMoyroabHbix oceň rHnepóoaw. fleficTBHTeabHaa noayocb 
BeTBH VHnepóoabi npeaciaBaeHa OTpe3KOM npaMOH ob — 
= í mopM ( 0 Y a MHHMan noayocb oTpe3KOM npHMOH oa = 

“ ^ mopM * *mopM (0)* 

AcHMnTOTa oc HMeeT HaxaoH, onpeaeaaeMbiH cooTHome- 
HHeM 

oa 



mopM > 


t. e. ToabKO b oaHOM npa- 


tg « — k mopM . 


(V, 32) 


Htoów noayqHTb noaHyio xapaKTepHCTHKy paóoTw an- 
4>epeHUHaabHOH 3amHTbi c óaoKHpyiomHM peae, HeoóxoaHMO 
b cooTBeTCTBHH c (j)Hr. V, 21 yqecTb eme h xapaKTepHCTH- 
K y i p m TOKOBoro peae 7. 

ip m 3T0r0 peae BbiónpaeTca óoabrne cooTBeTCTByK)- 
mero MHHHMaabHOMy Toicy i 3t npn kotopom óaoKHpyioii;ee 
peae npHXoaHT b aeftcTBHe. 

CaeaoBaTeabHO, 

i p.m = k * l H6> ( V ’ 3 ® 

rae k H > 1 — Kos^HuneHT HaaexcHocTHj 
i H 6 — tok HeĎaJtaHca npH i mopM = i mopM (0) . 
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Ha <jwr. V, 23 xapaKTepHCTHKa MaKCHMaxbHoro/roKOBoro 
peae 1 npeacTaBJíeHa npsiMOH a'b'. 

TaKHM o6pa30M nojiHaa xapaKTepHCTHKa 3aiiiHTbi Bbipa- 
acena Ha <}>Hr. V, 23 coqeTaHHeM npflMon a'b ' h kphboh b'c. 

npn npHHATOM ~r 0/ ~ *= k mo p M 3amHTa aeíícTByeT Ha 
w pa6 

OTKJnoneHHe TOJibKo npn tom ycjiobhh, ecJiH tok b paóoqew 
o6motk6 peae 1 h 2, npn cooTBeTCTBy iomeM i mopM = 

h + l n * § 

= —2— OTBeqaeT TOKaM paooneH 30Hbi, t. e. bmxoaht 

3 a Bpeaejibi opAHHaT xapaKTepucTHKH a'b'c. 

flpH BH61UH6M 33 MbIKaHHH CTOKOM JlIOÓOň KpaTHOCTH 3a- 
iUHTa He .aonycTHT oTKJiioqeHHa 3aiuHiuaeMoro yqacTKa, 
ecaH MaKCHMaJibHoe 3HaqeHHe i H g He bwxoaht 3a npe^eabi 
OpAHHaT toh xce xapaKTepHCTHKH ďb'c . 

flH(j)epeHUHajibHaH 3amHTa c 
npHMeHeHHeM ÓJiOKHpyiomHX peae 
npn npaBHabHOM ee Bbióope o6ec- 
ne^HBaeT cejieKTHBHoe aeficTBHe 
3amHTbI npH T0K3X CKB03H0T0 KO- 
pOTKOrO 33MbIKaHHH, COXpaHHH 
OAHOBpeMéHHO BblCOKyiO 

nyBCTBHTejibHOCTb npn 
noBpexcAeHHHx b npe^e- 
jiax 3amHinaeMoft 3 ohh. 
Oah3ko no CBoeMy bu- 
nojiHeHHio 3 Ta cxeMa hb- 
ajieTCíi óojiee cjio>khoh, 
neM npH peae c T 0 pM 03 - 
HblMH KaTyiUKaMH. 


/9 ?5 92 



V, 25. FIpHHUHnHa/ibHaji cxeMa xH^epeHuwaabHofi 3amHTbi' THna TpaHcaew. 


10. flJWEPEHUHAJIbHAíl 3AII1.HTA THIIA TPAHCJlEft 

Ha3BaH»e „TpaHcaeň* 3aiuHta noayqHaa ot 
npHMeHaeMoro b Heň pe^e ťransformer-relay, 
t. e. pe^e, BbinoaHHiomero h <J>yHKijHH npoke- 
*yTOHHoro TpaHCíJiopMaTopa. 
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3amHTa TpaHC^ieft no CBoeMy npHHUHny hb- 
aneTCH MOAH^HKauHeň AH^epeHUHaabHoň cxeMbs 
c ypaBHOBeineHHbíMH HanpaaceHHaMH. 

J\o Hefl.aBHero BpeMeHH X3M3 BbinycKaa peae 
TpaHcaeň Tana HT-20, yerpofiCTBO h npHHnHn 
KOTopux noacHaioTCH V, 24. B KanecTBe 

MarHHTHOíi CHCTeMbi peae cayacHT caoHCHyíi Mar- 
HHTOnpOBOA , npHMeH) BUIHfica H AAH MaKCHMaAb- 
Hbix tokobhx peae (ta. II). Peae HT-20 HMeeT 

K0p0TK033MKHyTblň BHTOK K, paCnOaOKeHHblň H3 
BKCTyne cpeAHero cepAenHHKa BepxHero Manin- 
TonpoBOAa. rioABHncHofl CHCTeMoň cayacHT aaio- 
MHHHeBblft HAH ' MeAHblft AHCK, yCTaHOBAeHHHft 
Meacny BepxHHM n hhjkhhm MarHHTonpoBOAOM. 
Ilpn AefiCTBHH peae noABHHCHaa CHCTeMa 3aMbi- 
KaeT HopMajibHO pa30MKHyTbie koht3kth nena 
onepaTHBHoro Tona. B pa30MKHyT0M coctoahhh 
KOHTaKTH yAepacHBaioTca cnHpaabHoft npyacHHOň. 

ripHHUHnHaAbHaa cxeMa AH(J>epeHUHaabHoň 3a- 
uihth THna TpaHCaeň b OAHÓaHHeňHOM BbinoaHe- 
hhh npeacTaBaeHa Ha 4>Hr. V, 25. 

řípa BbinoaHeHHH cxČMbi 3am;HTbi THna TpaHC- 
aeft b Haaaae h KOHue 3amHmaeMoro ynacTKa Ha 
Kaacayio $a3y ycTaHaBaHBaioT no OAHOMy coBep- 
rneHHO OAHOTHnHOMy peae. nepBHHHVio oĎMOTKy 1 
peae (3aacHMbi 1 h 2, <|)Hr. V, 24) npHcoeaHHaiOT 
K BTOpHHHOá OÓMOTKe TpaHC(J)OpMaTOpa TOKa, 
hto no3BoaaeT b oTAHHHe ot npHHunnKaabHOfi 
cxeMbi Ha paBHOsecHe HanpaaceHHH HCnoab3oBaTb 
npn ocymecTBaeHHH 3auiHTbi Tpancaeň HopMaab- 
Hue TpaHC^opMaTopbi Tona. 

BTOpHHHbie OČMOTKH 

II h III coeaHHeHbí no- 
caeaoBaTeabHO, h na- 
paaaeabHO hm noAKaio- 
I qeHO aoóaBOHHoe co- 

npoTHBaeHHe R. LUyHT, 

C03AaBaeMbiň R, npea- 

OTBpauxaeT nonaaaHne 
b oÓmotkh II H III TO- 

KOB BblCOKOH HaCTOTbl, 
HaBOAHMblX B BCnOMO- 
raTeabHbix npoBoaax, 
a HanpHMep, npn rpo3e, h 
MoryntHX npHBecTH k 
H enpaBHAbHOMy aeň- 
ctbhk) 3am.HTbi. Heo6- 
XOAHMOCTb yCTaHOBKH R 
HeaocTaTOHHO npoBepe- 
Ha. Hx oSmne 3a»:HMbi 
8 h 4 coeaHHeHU Bcno- 
MoraTeabHbíMH npoBO- 
A3MH BCTpeHHO C OAHO- 
HMeHHblMH 3aaCHM3MH 

Apyroro peae TOň >ne 
Ha npoTHBono.aoacHOM 


BTOpHHHblX OĎMOTOK 
4>a3bi, ycTaHOBaeHHoro 
KOHne 3amHmaeMoro yqacTKa. 

npn HopMaabHOM peacHMe paóoTU 3aHiHmae- 
MOTO ynaCTKa H CKB03BHX KOpOTKHX 3aMbIKaHH3X 
9. A. c. ei H en, HHAyKTHpOBaHHUe BO BTOpHHHbIX 




OÓMOTKaX OČOHX pe^ie, OflHHaKOBH H TOK íj B 06 * 
MOTKe HHHÍHHX MarHHTOIipOBOAOB OTCyTCTByeT, 

t. e. 

H = ~ °» (V, 34) 

r^e Z — HMne^aHc btophhhoS ixena 3 amHTbi, co- 

CTOHIUHň H3 COIIpOTHB^ieHHň BCnOMQraTe^íbHblX 
npOBOAOB Znpy ^OnO^HHTe^bHblX COnpOTHJB^eHHÍi /?, 

HMnenaHCOB btophhhmx oómotok pe;ie, pa3Me- 
meHHbix Ha HHxoieM MarHHTonpOBoae, h HMne^aH- 
COB paCCeHHHH BTOpHHHblX OĎMOTOK BepXHHX 
MarHHTOnpOBOAOB. 

ei h en npw stom 3a cneT HacumeHHH MarHH- 
TonpoBO^OB h cooTBeTCTByiomero HHC^ia bhtkob 
BTO pHHHblX OĎMOTOK He npeBOCXOflHT 140—150 V. 

npH paCCMOTpeHHH MaKCHMa^IbHblX TOKOBblX 
pe^ie ÓblJlO yCTaHOBJíeHO, HTO B HHflyKItflOHHOM 

pe;ie 

F M ep =M a-Qb sin ($ Á9 ® B ), (V,35) 

r#e H — nOTOKH B BepXHeM H HHXtHeM 
MarHHTonpoBPAe; 

k — K09(J)HUHeHT npOnOpUHOHa^íbHOCTH. 
Tax Kax npH HopMajibHOM pexcHMe h ckbo3 - 
HOM KOpOTKOM 3aMbIKaHHH i 2 h $ 2 [Ha 4>Hr. V, 24 
4> 2 cooTBeTCTByeT $b BHpaxceHHH (V, 35)] paBHbí 
Hy^K), TO H MOMeHT Ha OCH AHCKa pe^e OTCyTCT- 
ByeT. 

OAHaxo, OTBJíexaHCb ot H^ea^bHbix yc/iOBHft, 
Heoóxo^HMO ynecTb, hto npaKTHHecKH Hepe3 
BcnoMoraTe^ibHbie npOBOAa, a c^ejxoBaTe^bHo, h 
nepe3 oÓMOTxy HHHCHero MarHHTonpOBO.ua npo- 
TexaeT TeM 6 o;ibniHH, neM Bbíme KpaTHOCTb i 3 . 

ECAH Í 2 H $ 2 3HaHHTe^bHbI, TO npH Ma^íOM 
(HenpaBH^bHO BbiópaHHOM) i p . m pe^e MoxceT no- 
^eHCTBOBaTb H HeCe^ieKTHBHO OTKJIIOHHTb 3amH- 
uiaeMwft ynacTOK. 

MtoÓh H3ĎexcaTb 9Toro, b pe;ie TpaHC^eft 
npe^ycMOTpeHO cneuHa;ibHoe TopM03Hoe ycTpoň- 
CTBO, n03BO.flHIOmee npH CKB03HbIX KOpOTKKX 

3aMbixaHHHx no^iyHHTb BpamaiomHň mom6ht, npo- 
THBO£eaCTByK)IUH# 3aMbIKaHHK) KOHTaKTOB, H CO- 
XpaHHTb npH STOM AOCTaTOHHyiO HyBCTBHT^bHOCTb 
3amHTbi npH noBpexcAeHHHx b 3anuímaeMOŘ 30He. 

B pe^e HT-20 X9M3 sto KOHCTpyKTHBHO 
pa3pemeHO BecbMa npocro. Ha BbiCTyn cpe^Heň 
Hacra BepXHero MarHHTonpOBOAa acHkMeTpHHHO 
HacanceH KopoTK03aMKHyTbiS bhtok/C (4)Hr. V, 24 
h V, 27), KOTOpbiň h oóyc^oB^HBaeT C03AaHHe 
M mopM , ^eScTByiomero b oĎpaTHyio CTopoHy no 
OTHOHieHHIO K M pa ú . 

Ha $wr. V, 26 npe^cTaBjíeHa AHarpaMMa tokob b ot- 
xejibHfaix oÓMOTKax peae h C03AaBaeMbix hmh noTOKOB, npH 
paccMOTpeHHH KOTopoň mohcho npocaeAHTb h noBeAeHHe 
peae npH pa3AHqHbix peacHMax paóoTbi 3amHmaeMoro yqacT- 
xa. Yroji cflBHra (j>a3 Meacay tokamh h očycjioBAeHHbíMH 
HMH nOTOKaMH npH nOCTpOeHHH ÍHarpaMMbl npHHHT paBHblM 
Hyjiio; Bce 3HaqeHHa saeKTpHqecKux BeanqHH npHBeaeHbí k 
BTO pH*IHOH OČMOTKe peJie. npHHHTbie nOaOMCHTe^bHbie Ha- 
npaBaeHHB o6o3Ha*ieHbi Ha (Jmr. V, 24 CTpejiKaMH. B ;war- 
paMMe npHHHTbi cae,aylomné o 6 o 3 HaqeHHa: 


— pe 3 yjIbTHpyiOmHH nOTOK, npOHH3bIBaiOIH > HH AHCK 
h cuenaHiomHHCH co BceMH TpeMH oÓMOTKaMH cpeAHero> 
cepAenHHKa BepxHero MarHHTonpoBOAa (/,// h KopoTK03aM- 
KHyToe Koabuo); 

<& p% npOHiI3bIBan K0p0TK03aMKHyT0e KOJIbUO, H3BOAHT B 
HeM b. a* c. e Kt oTCTaiomyio ot $ p Ha yroJi 90°. 

ílpHBeAeHHbie Ha ({)Hr. V, 24 HOJiOHCHTeabHwe HanpaBJíe^ 

HHH TOKOB H MarHHTHbIX IlOTOKOB CBH33HbI MeMCAy COÓOÍí 
HpaBHJiOM uiTonopa; nojio>KHTe/ibHoe HanpaBJíeHne 3. a. c, 
coBna^aeT c nojioHCHTejibHůiM HanpaBJíeHHeM TOKa. 

/ íf — tok, KOTOpMH nOA BJIHHHHeM HaBeAeHHOH 3. A* C* 
e K B 03 HHKaeT B K0p0TK03aMKHyT0M KOJIbL^e H OTCTaeT OT 

9 . a. c. Ha HexoTopbiH yroji ^ onpeAejiaeMbiH oTHomeHHeM 
aKTHBHoro conpoTHBJíeHHH KOJibua k ero peaKTHBHOMy co- 

■pOTHBACHHK) paCCeHHHH ^/í==arCtg 

— MarHHTHblH nOTOK OT K0p0TK03aMKHyT0r0 ICOJIbUa,, 
cuenaHiomHHCH c tcmh ace OÓMOTKaMH, hto h iiotok $ p> 
cosnaAaioiUHH no $a3e c tokom i K h no othouichhio k 



«BxniomHíícH pa3MarHHqHBaiomHM. 3a nojioxcHTejibHoe Ha- 
npaBJvoHHC <b K npHHíiTo HanpaBJíeHne & p . 

Hadb noToxa Koabua, b & k He yqTeHHaa, ABaneTcw 
HOTOKOM paceeflHHH. BCAeACTBHe aCHMMeTpHHHOrO paenOAO- 
HCeHHH KOpOTKO33MKHyT0rO KOJIbUa ÓOJIbUiafl HaCTb nOTOKa 
paccenHHH 3aMHKaeTCH BOKpyr Toň ero nacTH, KOTOpan 
pacnoAOHceHa ÓAHxce k cpeAHeMy cepAe^HHKy BepxHero 
MarHHTonpOBOAa. yica3aHHaji qacTbnoTOKa pacceHHH» $ moOJtí . 
(^nr. V, 27) oóycaoBJíHBaeT C03AaHHe TopM03Horo aohctbhh. 

<&mo P M B npeACTaBAeHHWH Ha $Hr. V, 26 KaK 6uao 
yKa3aHo, He bxoaht h yqTeH b peaKTHBHOM conpoTHBJíeHHH 
paCCeHHHA K0p0TK033MKHyT0r0 KOAbHa X K . 

— MarHHTHblH nOTOK inyHTa, coBfiaAaíom.HH no (}ia3e 
e pa3HOCTbio Q> p -- Tax Kax ohh oóycaoBAeHH oahoS h 
toh ace pe3yAbTHpyiomeH[ u. a. c. očmotok / h II. 
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$ r_ _ MarHHTHbiH noTOK cpejiHero cepaeqmf- 
Ka BepxHero 9JiexTpOMarHHTa, HaBOflHiUHH b oÓMOTKe II 
b. c. í?2» oTCTaiomyio ot Hero no 4> a3e Ha yroji 90°. 

/o — TOK BO BTOpHHHOH UdlH peJie, npHHHT B flaHHOM 
•cay^ae oTdatomHM ot 9. c. e% Ha HexoTopbiň ^yro;i, ko- 
TopbiH onpe^ejiaeTCfl conpoTHBJíeHHGM btophhhoh uenu h 
pa3HOCTbK) 9. a. c. e l h e ir 

H 3 $hi\ v, 24, V, 26 H V, 27 cjieayeT, hto Ha Henoa- 
BHHCHyio CHdeMy peJie .neficTByeT HecxoJibxo BpamaiomHX 
MOMeHTOB, OÓyCJIOBJíeHHblX B 3 aHMO,HeHCTBHeM $p, $2 H ® m opAr 

BpamaiOmHH MOMeHT OT B 3 aHMO,HeHCTBHH H ^2 

M pa6 = h<t> p ^ Sin (é p , ®2) ( V * 36 > 

BBJíaeTCH paóoqHM momchtom pejieí^ ^eficTByiomHM npH 
ilOBpeHCAOHHBX B SaiUHlUaeMOH 30He Ha 3aMbIKaHHe KOHTaK¬ 
TOB. npH HOpMaJIbHOM peHCHMe paČOTbT H HpH CKB03HUX 
KOpOTKHX 3aMHKaHHHX M pa $ fleiÍCTByeT TaK»e B CTOpOHy 


npHHHMaiOT MHHHMči.7IbHbl8 TOK, C)6yCJIOBJieHHbI& 
pa3HOCTbio tokob b nepBHHHbix OÓMOTKaX (li — 
— /n), npH KOTOpOM Ha^e^CHO 33MbIKaiOTCH KOH- 
TaKTbi - PeryjiHpoBaHHe Ha^ajibHoro TOKa Tpora- 
HHfl (ip.m{0)) OCymeCTB^HeTCH nyTeM H3M6HeHH5í 
nepBOHaqa^bHoro HaTHaceHHH npyacHHbi. Ha noa- 
BH^cHyio cHCTeMy pe^ie AeňcTByioT Tpn MOMeHTa. 
M —paóoHHň; M mopM — T0pM03H0ň; M m -uo- 
•MeHT npyHCHHbí h TpeHHH. CpaóaTbiBaHHe pe^e 
npH 3 tom onpeAe^HeTCH yc^iOBHeM 

Mpaó ^ MmopM “i” Mm* (Y> 38) 

Ecjih npe^no^o^cHTb, hto HapacTaHHe Íh6 b 

3aéHCHM0CTH OT KpaTHOCTH Í 3 H3MeHHeTCH IIO 
KpHBOft 7, TO npH JUOÓO& KpaTHOCTH TOKa BHeiH- 



<řHr. V, 28. XapaKTepncTHKa 
peae TpaHCJieň. 



3aMblKaHHH KOHTaKTOB, eCJIH $ 2 » OÓyCJIOBJíeHHblň TOKOM 
i 2 = i H fa OTCTaeT OT $ . 

Hapsmy c M pa6 b pe3yabTaTe B 3 aHMOAeHCTBHH $ p c 

«3 >mopM H03HHKaeT T0pM03H0H MOMeHT 

M mo P M — h®p®mop M sln (®p> ®mop M )- ( V - 37 ) 

npH onpexieaeHHH HanpaBaeHHH BpameHHH flHCKa peae 
CJieayeT hmotb b BHfly, hto coraacHO TeopHH paóoTbi hh- 
jiyKBHOHHbix chct6m fleScTByiomHH Ha flHCK BpamaiomHH 
MOMeHT HMeeT HanpaBaeHne ot och onepeacaiomero noTOKa 
k oTCTaiomeMy no KpaTqaitmeMy nyTH. 

Tax KaK $2 H ® mopM OTCTaioT ot # , to h HanpaBJíeHne 
Mpa6 H M mopM HeoÓXOAHMO npHHHTb OT OCH <b p K OCHM $ 2 

M ^ mopM * - 

M3 (jwr. V, 24 h V, 26 CJiejiyeT, hto HanpaBJíeHHH M pa6 

h M mopM nojiy^aioTCH npoTHBonojioncHbíMH, t. e. M p Aew- 
CTByeT BJieBO, a M mopM — BnpaBo. 

Ecjih M pa6 AeficTByeT na 3aMbiKaHHe KOHTaKTOB, to 
M m opM eM y npOTHBOflefícTByeT, h cjie^OBaTejibHO, HBjíneTCH 

T0pM03HbIM MOMeHTOM. 

IlOTOKH $>p H $ mopM 33BHCHT B OCHOBHOM OT TOKa, nH- 

Taiomero TpaHC<})opMaTopbi TOKa; no9TOMy BejiHHHHa M mopM 
TeM óojibine, qeM óoabine KpaTHOCTb CKB03Horo Toxa. 

Ha <J)Hr. V, 28 (KpHBaa 2) npHBeaeHa npHMep- 
Haa xapaKTepHCTHKa pe^e TpaHc^eň. no och 
opflHHaT OT^oaceHbí tokh TporaHHH pe.ne, a no 
OCH aÓCHHCC SKBHBajieHTHbie T0pM03Hbie TOKH 

i mopM :== - 2 —' - 1 HJIH npHÓ^HHCeHHO TOKH CKB03- 

Horo 33MbiKaHHH i 3 = i\ = iji, npoTeiíaíomHe aepe3 
nepBHHHyio oĎMOTKy pe^e. 3a i 0 . m pe^e TpaHCJieň 


Hero 33MbiKaHHH ,pe^e oóecnenHBaeT ce^isKTHB- 
Hyio paóoTy. 

npH noBpeHífleHHH b 3 amHmaeMoň 30He h b 
c^ynae OflHOCTopoHHero nHTaHHa b (V, 36) 
pe3Ko B03paCTaeT h M pa 6 CTaHOBHTca óo^bme 
MmopM.', pe^e 33MbJKaeT KOHTaKTbI. 

npH BHyTpeHHeM nOBpeiKAGHHH C Ma^blM TO¬ 
KOM, HanpHMep, npn oAHO(j>a3HOM 3 aMbiKaHHH 
nepe3 3HanHTeAbHoe nepexoAHoe conpoTHBJíeHHe 
H OAHOBpeMeHHO CKB03H0M MeHCAy4> a3HOM KOpOT- 
KOM 33MbIKaHHH C TOKOM ĎOAblIIOft KpaTHOCTH, 

pe^e MoaceT He noAeňcTBOBaTb. Oah3ko Taxoe 
COBnaAeHHe MOHCeT ĎHTb TOAbKO B HCKAroUHTeAb- 
hom cnyaae h npH 3amHTe jihhhž mohcct He 
yHHTbIBaTbCH. 

Pe^e TpaHCAeň HMeeT 33BHCHMyio ot TOKa 
BUAepxcKy BpeMeHH AeňcTBHa. Ha (Jiht. V, 29 
npHBeaeHa KpHBaa t=f(i p ) aah pe^e HT-25, H3 
KOTopoň cAeayeT, hto TOAbKO npn pa 3 HOCTH 
TOKOB BO BTOpHHHbIX OÓMOTKaX TpaHC())OpMaTOpOB 

nopHAKá 10 A h Bbíme pe^ie AeňCTByeT othoch- 
Te^ibHO SbiCTpo (0,15-5-0,2 ceK.). npH Ma^oň 

P33HOCTH TOKOB BbIAep®Ka BpeMeHH MOJKeT OKa- 
33TbCH BeCbMa 3HaHHTeAbHOft. 

B nocAe^Hee BpeMa b cbh3h c nepexoAOM Ha 
HOBbie THnbi MarHHTHbix cncieM X3M3 Hanaji 
BbinycKaTb B33MeH HT-20 pe^e TpaHCAeň HT-128, 

B KOTOpOM TOpM03HOň MOMeHT OCymeCTBAHeTCH 
nocpeACTBOM cneuHa^bHoro SAeKTpoMarHHTa c 
K0p0TK033MKHyTHM BHTKOMJ OĎMOTKa 9AeKTp0- 
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MamHTa nHTaeTca btophhhmm tokom TpaHC(J)op- 
MaTopoB TOKa (<Jwr. V, 30). B TaKOM Buno^He- 
hhh pe^e npeflCTaBjíHeT pe^e c TopM03HOň 06 - 

MOTKOň. 

11. CPABHEHHE CnOCOEOB nOBblUJEHHfl 
HYBCTB HTEJlbHOCTH J,H<J>EPEHU,HAJIbHbIX 3ALU.HT 

B ueAHx cpaBHeHHH paccMOTpeHHbix cnocoĎoB 
ocymecTBAeHHa AH4>epeHu,Ha^bHHX 3amHT Ha 
4>nr. V, 31 npeACTaB^eHbí hx npHHUHnHa^bHbie 

cxeMH h xapaKTepHCTHKH paSoTbi pe.ne. 


AeftcTBHeM. H3 paccMOTpeHHH xapaKTepucTHK 
pafíoTbi pe^e c topmo3hhmh oĎMOTKaMH (KpHBaa 6e 
<J)Hr. V, 316), ó^OKHpyiomero pe^e (KpHBaa 6e 
<})Hr. V, 31 b) h pe^e THna TpaHC./iefi (icpHBaa 6e 
<J)Hr. V, 31 r) CAe^yeT, hto KaiKAaa h 3 hhx b 3Ha- 
HHTeAbHoS Mepe cnocoĎCTByeT pacmapeHKio pa- 
Ďoneft 30 hh P no cpaBHeHHio c TeM, hto no 3 - 
BOAaeT HMeTb npocToe MaKCHMa/rbHoe TOKOBoe 
pe^e. . ■- 

KaacAaa H3 cxeM HMeeT cboh npHcymne eft 
HpeHMymecTBa h HeAOCTaTKH. Bo^ee AeTaAbHoe 
conocTaB^eHHe cxeM asho npn paccMOTpeHHH 


v, 31. ripHH- 

unnHaJibHbie cxeMbi 
H i xapaKTepHCTHKH 
AeHCTBHH AH^epeH- 
UHaVlbHblX 3aiUHT c 
peae. 

CL —M3KCHMaJIbHbIM TOKO- 
6 — T0pM03KblMH 
OĎMOTKaMH; 8— 6JIOKH- 
pywmHM; 2— TpaHCJie ň 



npn nocTpoeHHH xapaKTepncTHK no och a6c- 

+ *I 

UHCC OTAOMCeHbl TOKH imopM — -3-’ 110 ° CH 

opAHH3 T — tokh b paĎoneS dĎMOTKe pe.re (ip H 

Í H s)\ 33BHCHMOCTb TOKa He6aA3HCa OT TOKa CKB03- 

Horo 33MMKaHHH [( i H 6 =/ (4), i m opM = 4] npeAcraB- 
jieHa KpnBOň oa, xapaKTepHCTHKa TporaHna 
ip.m = f {imopM) — KpHBOfl ÓB. 

Ha 4> Hr - V, 31a npeACTaBAeHa npHHitnnHaAb- 
Haa cxeMa h xapaKTepHCTHKa i p . m npn npHMeHe- 
hhh npocToro MaKCHMajibHoro tokoboto pe^e; 
ip.m npH jiioĎom TOKe nOBpeHCAeHHH ocTaeTCa 
HeH3MeHHHM H paBHHM OpAHH3Te 06 . Bbiuie 6b 
pacnoAOHceHa paĎonaa 30Ha P. 

npn BK^roneHHH b nenb pe^e AonoAHHTeAb- 

HOTO COnpOTHBJíeHHH MaKCHM3JIbH06 3Ha«ieHHe Íh6 
CHH3HTCH. 3aBHCHMOCTb Í H 6 — f {imopM) 6y flfit co * 
OTBeTCTBOB3Tb KpHBOň OCl'. IlpH 3T0M ip.^m MOMteT 
6bITb nOHHJKĚH AO 3H3HeHHH OÓ' . 

Bce'xce npn stom i p . m MoaceT oCTaTbca Becb- 
na ĎOAbHIHM, a HyBCTBHTeAbHOCTb 3amHTH HH3- 
KOň. Ecah npn 33MbiKaHHax b npeAe^ax 3amn- 
maeMoň 30Hbi i p = 4 (nHTaHne c oahoS CTopoHbí) 
HAH ip = ii-\-in (nHTaHHe C AByX CTOpOH)^ OKa- 
HíeTca He3HaHHTGAbHbiM, to noBpeacAeHHbifi yna- 

CTOK MOHieT OCTaTbCH He OTKJIIOHeHHblM. 

Bo^ee yAOB^eTBOpHTeAbHblMH B 3T0M OTHO- 
niGHHH HB^iaioTCa AH<|>epeHu.HaAbHbie 3amHTbi, 
ocymecTBAeHHbie npn noMomn peAe c topmo3hmm 

13 Pe.iefmaH 3aimrra 


3amHTbi OTASAbHbIX SAeMeHTOB CHCTeMÉl H, B HaCT- 
hocth, npn paccMOTpeHHH AH^epcHUHaAbBOň 3a- 
mHTH TpaHC<J)opMaTopoB. 3Aecb cAeAyeT ^nuib 
OTMeTHTb, HTO BCJieACTBHe OTHOCHTeAbHOft npo- 
CTOTH 3amHTH npH nOMOfflH peAe C T0pM03HbIMH 

o6motk3mh nojiynaioT HaHÓOAbinee pacnpocTpa- 
HeHHe. 

Pe^e c TOPM03HMMH OĎMOTKaMH H Ď^OKHpyiO- 
mne pe^e npn paccMOTpeHHbix cxeMax hx bkaio- 
HeHHH MOryT ĎUTb HCn0Ab30BaHbI„ B AH(|>ťipCH- 
nnaAbHbix 3auiHTax, ocymecTBaaeMHX Ha npHH- 
u,Hne paBHOBecHa tokob. PaHee ďhao ycTaHOB- 
^eHO, hto 3 amHTa «a paBHOBecHe tokob MoaceT 
ĎbiTb npHMeHeHa Jinmb aah tbkhx ynacTKOB, ajih- 
Ha BcnoMoraTeAbHbix npoBOAOB y KOTopbix He 
npeBOCXOAHT HeCKOAbKHX COT MeTpOB. npH AAHH- 
hhx BcnoMoraTeAbHbix npoBOAax pe3KO CHHacaeT- 
ca nyBCTBHTeAbHOCTb 3am.HTbi h ee HeAbaa npax- 
THHeCKH HCn0Ab30B3Tb. fl03T0My CXeMU A»4>e- 
peHUHa^bHUX 3aoiHT npn noMomn pe^e c topmo3- 
HHMH OĎMOTKaMH H C ĎAOKHpyiOUlHMH pe^e A^a 
neAeň 3 amHTbi ^hhhS b paccMOTpeHHOM aaeMeH- 
TapHOM BHAe He MOryT ĎbITb UIHPOKO HCnOAb- 
30 BaHbI. 

H 3 paccMOTpeHHbix npHHunnHaAbHbix cxeM 
AH^epeHUHaAbHUX 3 aniHT npn noMomn pe^e c 

T0pM03HbIM AeftCTBHeM A^H neAefi 3aiU.HTbI AHHHft 
MoaceT ĎbiTb Hcn0Ab30BaHa TOAbKo 3amHTa npn 
noMomn peAe THna TpaHCAeS, nocTpoeHHaa Ha 
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npHHimne „paBHOBecHa HanpaHceHHfi® h npHMe- 
HHMaa wfl 3 aiu,HTbi ynacTKOB čoAfcmoň npOTHHteH- 
HOCTH. 

Pe^e C TOpM03Hb!MH OĎMOTKaMH npHMeHHIOTCa 
AAH 3amHTbI AHHHň B CneHHaAbHblX cxeMax. 

npHMepoM Taxofi jiHHeflHofi 3 amHTbi npH no- 

MOfflH peJie nOCTOHHHOrO TOKa C T0pM03HblMH 
o6motk3mh HBAaeTca, HanpHMep, 3auiHTa HCB, 
BbinoAHaeMaa (JjHpMOft BeCTHHray3 (rA. V, § 14). 


12. nPHMEHEHHE PEJ1E C T0PM03HbIM flEfiCTBHEM 
OT BblCUIHX TAPMQHHK TOKA HEBaJIAHCA 

4>hpmoS GEC [J1.4] pa3pa6oTaH BecbMa opn- 
rHHaAbHHň thii 3amHTbi npH nOMOWH peAe c TOp- 
M03HbIM AeflCTBHeM OT BHCIUHX rapMOHHHeCKHX 
cocTaBAaiomHx TOKa Heda^aHca. 

B ocHOBy C03A3HHH TaKoro peAe noAoxceHO 
TO OÓCTOHTeAbCTBO, HTO npH pa3AHHHbIX pe>KH- 
Max paóoTU 3amHmaeMoro yqacTKa (JiopMbi kphboS 
TOKa b u.enH .KH^epeHUHaAbHofi 3amHTH ot- 
AHHHbl. 

Ha ijwr. V, 32 npHBeAeHa KpHBaa TOKa i p b 
Hena AH(J)epéHUHaAbHOfi 3amHTM npn noBpexcAe- 
hhh b npe^e^ax 3 amHmaeMofi 30 hh, a Ha (J)Hr. 
V, 33 —KpHBaa Toxa b toS Ke uenn npH BHem- 

HHX KOpOTKHX 33MHKaHHHX (TOK HeČaAaHCa). 


WA- AiW- 


4>Hr. V, 32. KpHBaa TOKa b perm 
jH<j)epeHUHaabHoři 3am.HTbi npn 
noBpew,aeHHH b npeaejiax 3a- 
mHiiiaeMOfi 3 ohw. 


<I>Hr. V, 33. KpHBaa TOKa 
b uenn nH^epeHUHaabHoii 
3am.HTU npH BHeuiHeM 
3 aMblKaHHH._ 



4>Hr. V, 34. npmmHriHajibHasi cxeMa flH^epeHUHa.ibiioro pe- 

Jie C T0pM03HblM fleHCTBHeM OT BHCU1HX TapMOHHieCKHX. 


B ueAHX npaBHAbHoro AeficTBHH 3amHTbi npH 
pa3AHHHbIX BHAaX nOBpeiKACHHH MOHCHO HCnOAb- 
30BaTb B03M0XCH0CTb nOAyHeHHH T0pM03H0r0 Aeft- 
CTBHH B pe^e OT BHCU1HX rapMOHHHeCKHX COCTaB- 
AaiomHx TOKa b uenn AH<})epeHnHaAbHofi 3amHTbi. 

npHHUHnHaAbHaa cxeMa peAe noKa 3 aHa Ha (J)Hr. 
V, 34. Tokh ip BTOpHHHOň nenn TpaHCijjopMaTO- 

pOB TOKa AHíjiepeHUHaAbHOfl 3amHTbI HpOXOAflT 
qepe 3 <|>HAbTpbi 1 h 2. <í>HAbTp 1 HacTpoeH Tax, 
mto b uenb paSonefi oómotkh peAe 5 nocrynaeT 
TOAbKO OCHOBHaa rapMOHHKa, <É>HAbT P 2, Haoóo- 
pOT, 3aAepxcHBaeT ocHOBHyio rapMOHHKy B npo- 
nyCKaeT TOAbKO BHCmHe rapMOHHKH. Tok buc- 
iiihx rapMOHHK qepe3 BbinpaMHTeAb 8 nocrynaeT 
b TopM03Hyio oĎMOTKy peAe 7. 

npH 3aMbiKaHHHx b 3 amHniaeMOň 30He b KpH- 
bo 0 TOKa b nenH AH(J)epeHnHaAbHOfi 3 amHTu, xax 
yace OTMeaaAOCb, coagpxchtch npenMymecTBeHHO 

OCHOBH3H rapMOHHKa, TOK B. TOpMO3HO0 OÓMOTKe 
m 3 a, h peAe aeňcTByeT b CTOpoHy 3 aMHKaHHH 
KOHT3KTOB. ripn 3aMbiKaHHHX BHe 3 auiHwaeM 0 ň 

30 hu HenpaBHAbHoe AeflcTBHe pe^e čyaeT npea- 
OTBpamaTbCH fi^aroflapa TopM03HOMy a^iJieKTy ot 
B ucniHX rapMOHHK TOKa h nponycKaHHio nepe3 
paóonyio oĎMOTKy pe^e TOAbKO nacTH TOKa .He- 
Ďa^aHca. 



4>Hr. V, 35. IlpHHiiHnHaabHafl TpexpeaeiÍHafl cxeMa 
peHu.Haabnofl 3amHTbi TpancJieB. 

BbinpaMAeHHe BbicuiHx rapMOHHK TOKa HMeeT 
neAbio ycTpaHeHHe HeČAaronpHaTHoro BAHaHHa 
Ha pačoTy pe^e CABHra 4 > a3 Meac^y tok3mh b pa- 
6oae0 H TOpMO3HO0 OÓMOTKaX. 

npoMeHcyTOHHbia TpaHc4>opMaTop Toxa 4 chh- 
xcaeT tok b uenn pejie ao 3HaaeHHa, AonycTH- 
Moro aah BbinpaMHTeAefi h KOHAeHcaTOpoB. 

ripn čjiaronpHHTHbix pe 3 yAbTaTax 3KcnAoaTa- 
HHOHHoro onbiTa Taxoe pe^e mohcct h30th uih- 
poKoe npHMeHeHHe npn AH<| )e P eHI í Ha ' ,IbHOň aauiH- 
Te niHH, reHepaTopoB h TpaHC(|)opMaTopoB. 

13. 3AIU.HTA JIHHHA THIIA TPAHCJlEfl 


3 th xpHBbie noKa3UBaiOT, hto tok b penH 
AH^epeHUHaAbHofl 3amHTW npn noBpea<AeHHH b 
3 aniHm,aeMOň 30He Maao oTAHaaeTca ot CHHyco- 
HAajibHoro, b to BpeMa xaK tok HečaaaHca npH 
BHeiIlHeM KOpOTKOM 33MbIKaHHH COAepjKHT 3H3HH- 
TeAbHbiň nponeHT bucuihx rapMOHHK (b ochobhom 
T peTbio rapMOHHKy). ' 
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CxeMU BbinoAHeHHa. CymecTByiOT TpH ochob- 
Hbix cxeMu 3aniHTbi TpaHcaeS aah ahhhA: Tpex- 
peAeňHaa, AByxpeAefiHaa h OAHopeAeflHaa. 

npHHUHnHaAbHaa cxeMa TpexpeaeflHOň 3 aniH- 
TM npeAcfaBAeHa Ha (})Hr. V, 35. flepBHMHbie 06 - 
motkh peAe npHCoeAHHeHM k btophhhhm oómot- 
KaM TpaHc4>opMaTopoB Toxa no' cxeMe 3 Be 3 Aa. 



BTopjmHbie oómotkh npHCoeAHHeHU k BcnoMora- 
TejibHOMy KaóeAio. B neAax coKpameHHH qncAa 
Hcno^ib3yeMbix a<HA Kačena BTopHqHbie oómotkh 
T aK*e coeAHHeHbí b 3Be3Ay. 

TpexpeAeftHaa cxeMa HMeeT to npeHMymecTBO, 
mto ayBCTBHTe^bHOCTb ee oAHHaKOBa npn Bcex 
BHAax noBpeacAeHHň, npnqeM npH MeacAycj)a3Hbix 
noBpe>KAeHHHX AefiCTByioT MHHHMyM ABa peAe. 

K HeAOCTaTKaM cxeMH cAeAyeT omecTH He- 
o 6 xoAHMOCTb aeTbipex xcha BcnoMoraTeAbHux 
npoBOflOB, hto yAopoacaeT h ycAoacHaeT 3amHTy. 

HeM óOAbiiie BCnoMoraTeAbHbix xcha, tcm ĎOAb- 
Uie npHHHH nOHHHCeHHH H3A6HCHOCTH AeftCTBHH 3a- 
mHTbi h TeM Tpy^Hee ocymecTBHTb KOHTpoAb 3a 
HX HCnpaBHblM COCTOHHHeM. 

XtByxpeAeftHaa cxeMa (<j)Hr. V, 36) c stoř tom- 
kh 3peHHH HMeeT HexoTopoe npeHMymecTBO, ho 
BMecTe c TeM He oóecneqHBaeT OAHHaKOByio qyB¬ 
CTBHTeAbHOCTb npH pa3JiHHHbix BHAax noBpeacAe- 
HHň. npH Meacfly$a3Hbix noBpeacAeHHax b 33bhch- 
MOCTH OT TOTO, MeACAy K3KHMH 4>83aMH np0H30ň- 
AeT 3aMbiKaHHe, qyBCTBHTeAbHOCTb H3MeHaexca 
b npeaeaax OTHomeHHa l:|/3:2. OóiaCHaeTca 
9 to cxeMoň npncoeAHHeHHa peAe 1 , oómotk3 
KOToporo, pa3AeAeHHaa Ha ABe paBHbie qacTH, 
npHCoeAHHeHa k TpaHC(J)opMaTopaM Tona <J)a3 A, 



4>m\ V,36. ÍIpHHUHnHaabHaa aByxpeaeHiiati cxeMa aa$e- 
peHUHaJibiioň 3aiUHTU Tpancaefl. 

B h C 3 aacHMaMH 1, 2, 5 b cootb 6 tctbhh c <J>Hr. 
V, 24. B cxyqae 33MMKaHHa MeacAy tjmaMH Aeň- 
CTByeT TOAbKO peAe 1. Ecah 3 aMbncaHHe npoH3oň- 
AeT MeacAy (jmaMH A w. C, to 3auiHTa c yqeTOM 
aKTHBHO AeňcTByiomero qncxa bhtkob nepBHH- 
HO0 OÓMOTKH peAe ČyAeT HMeTb MaKCHMaAbHyiO 
qyBCTBHTeAbHOCTb. HyBCTBHTeAbHOCTb 3aiII,HThI 

npnMepHO BABOe yMeHbniHTca, ecan npoH3ofiAeT 
3aMbiKaHHe MeacAy <f>a3aMH AB hah BC, TaK xan 

aKTHBHOe HHCAO BHTKOB OÓMOTKH peAe BABOe 
yMeHbmHTca. Ilpn 3aMbiKaHHH aioóoS (|)a3bi Ha 
3 eMAio peAe 2 (|>Hr. V, 36) oTKAioqaeT noBpeac- 
AeHHbiň yqacTOK c OAHHaKOBoň qyBCTBHTeAb- 
HOCTblO. 

B nocaeAHee BpeMa aah 3amHTu ahhhíí npn- 
MeHHAH ynpomeHHyro oAHopeaeftHyio cxeMy (c{)Hr. 
V, 37), OCHOBHHM npeHMymeCTBOM KOTOpOň HB- 
AaeTca ee npocTOTa. MHHHMaAbHoe KOAHqeCTBO 
BcnoMoraTeAbHbix npoBOAOB, paBHoe AByii, 3Ha- 
qHTeabHO ynpomaeT hx KOHTpoAb, yAeuieBAaeT 
CTOHMOCTb KaóeAH h oÓAerqaeT SKCnAoaTauHio 
3amHTM. CoKpamaeTCa h hhcao noTpeÓHbix peAe. 

1J* 


HeAOCTaTKOM cxeMbi aBAaeTCa to, hto npn pa3 
AHHHblX BHAaX nOBpeaCAeHHH qyBCTBHTeAbHOCTb 
3aniHTU pa3AnqHa. 

K BTOpHqHblM HeiIHM TpeX TpaHC^IOpMaTOpOB 
TOKa, ycTaHOBaeHHbix Ha KaacAOň <|)a3e 3amnmae- 
MOH AHHHH, npHCOeAHHeH AOÓaBOHHblň TpaHC^Op- 

MaTOp (ijmr. V, 37). PeAe npncoeAHHeHO k bto- 
pnqHOfl oÓMOTKe stoto TpaHC<J)opMaTopa. 

iloóaBoqHHfl TpaHc4>opMaTop, HMeeT TpH nep- 
BHHHblX OÓMOTKH 1, 2 H 3. 0ÓM0TK3 3 COACpaCHT 
BABOe óOAbmee qncAo bhtkob, qeM paBHue Meac- 
Ay COÓOfl OÓMOTKH 1 H 2. IlpH OAHOM H TOM ate 
TOKe HHCAO nepBHHHHX 3MnepBHTKOB TpaHC(J)op- 
MaTopa 33 BHCHT ot bha 3 noBpeacACHHH. _Tpex- 
4>a3HOMy 3aMbiKaHHK> cooTBeTCTByeT l/3 AW 
AByx4)a3HOMy b 33bhchmocth ot coqeTaHHa $a3 
hah 2 AW (aah AC) hah AW (aah AB h BC). 

npH OAHO(J)a3HbIX 3aMbIK3HHHX Ha 3eMAK) HHC- 

ao nepBHHHbix aMnepBHTKOB H3MeHaeTCH eme óo- 
Aee 3 HaqHTeAbHO. 3aMMKaHHK> 4 >a 3 M A cooTBeT- 
CTByeT 3 Al^(aMnepBHTKH oómotok 1 h 3 cyn- 
MHpyiOTCfl); 3aMbIKaHHK> 4 >B 3 bI B COOTBeTCTByeT 

2 AW (aMnepBHTKH oÓmotkh 3); 3 aMbiK 3 HHio $a 3 bi 
<7 CooTBeTCTByeT AW (pa3HOCTb BHTKOB OÓMOTOK 

3 H 2). B COOTBeTCTBHH C 3THM H qyBCTBHTeAb- 
HOCTb 3amHTbI npH OAHO(f)a3HbIX 33MbIKaHHHX B 



<ř>Hr. V, 37. IlpHHUHnHaabHaa oflHopeaefiHaa cxeMa abijje- 

peHUHaabHoii 3amnTU TpaHcaefi. 

/ 

33BHCHMOCTH ot Toro, KaKaa <pa3a noBpeacAeHa, 
H3MeHaeTCa b npeAeaax OTHOineHna 1:2:3 (cm. 
TaKxce ta. II, § 13). 

HeoóxoAHMO OTMeTHT|>, hto npn Bbióope i p , m 
3amHTu CAeAyeT yqnŤHBaTb i H e npn ckbo3hhx 

KOPOTKHX 3aMbIK3HHHX Ha <J)a3e, OÓyCAOBAHBaiO- 
meň HaHÓoAbmyio HyBCTBHTeAbHOCTb 3auiHTbi. 
IloBTOMy pa3Haa qyBCTBHTeAbHOCTb 3amHTU oóyc- 
AOBAHBaeT ee 3arpyóAeHHe npn OAHOcJ)a3HMx ko- 
POtkhx 3aMbiK3HHax Ha AByx Apyrnx $a3ax. 

OAHopeAeňHaa cxeMa MoaceT 0Ka3aTbca HeAO- 
CT 3 TOqHO qyBCTBHTeAbHOft K OAHO(J)a3HMM 3 aMbI- 
KaHHHM h, CAeAOBaTeAbHO, Moacex óbiTb npHMe- 
HHMa k 3amHTe ahhhS b CHCTeMax c rAyxHM 3 a- 

3eMA6HHeM HyACBOň TOHKH TOAbKO npH yCAOBHH, 
hto noHHxceHHaa qyBCTBHTeAbHOCTb npn hckoto- 
pbix BHAax noBpeacAeHHň AonycKaeTca TpeóoBa- 
HHflMH, npeATjHBAaeMblMH K 3aniHTe. 

HeoóxoAHMO OTMeTHTb, HTO AAfl ceTeň C Ma- 
AblMH TOK3MH OAHO(J)a3HOrO 3aMbIK3HHa Ha 3CMAK) 
ueAecooópa3HO npHMeHHTb AByx<|»a3Hbie oAHope- 
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AeflHbie cxeirfbJ, noAyqaeMbie, HanpnMep, hckaio- 
qeHHeM H 3 cxfeMbi (J)Hr. V, 36 pe/ie 2 hah bkaio- 
qeHHeM nepBHHHOŮ očmotkh pe^ie TpaHCAeň Ha 
pa3H0CTb tokob Asyx 4>a3. 

npH HajinqHH Ha ahhhh TpyčwaTbix pa3paAHH- 
kob cxeMa aah npeAOTBpameHHa HenpaBHAbHbix 
cpačaTHBaHHft qacTO CHaéacaeTca tokobhmh MrHO- 
BeHHUMH pe^e, KOHTaKTbl KOTOpbIX COeAHHHIOTCH 
noc^eaoBaTe^bHo c KOHTaKTaMH peAe TpaHCAeň 
h aeftCTByioT Ha BbixoAHoe npoMeacyTOHHoe peAe. 
npOAOAbHaa AH(|»epeHUHa^bHaH 3aiu,HTa, b qacTHO- 
cth, 3 amHTa TpaHCAeň, TpeóyeT oóaáaTeAbHoro 
npHMeHeHHa BcnOMoraTeAbHbix npoBOAOB. Bcno- 
MoraTe^bHMe npoBOAa 3am«Tbi BbinoAHaioTCH 
OřUHHO B BHfle MHOTOHCHAbHOrO 6pOHHpOB3HHOrO 
KaSe^a c pe3HHOBoň H30Aaimeň hah HHorAa Te- 


^ie(J)OHHoro Kafieja c óyMaacHoň H30Aan.Heň, npo- 
^oaceHHbix b óo^ibuiHHCTBe CAyaaeB b 3 eMAe, 
BAOflb TpaCCbl AHHHH BMCOKOrO HanpHHCeHHH (4»Hr! 

V, 38) (He3Ha^HTe^bHaa yAaAeHHocTb noKa3aHa 

yCAOBHo). 

no yc^oBHHM Tpaccbi, HanpHMep, bo H 36 e>Ka- 
HHe pa3pymaroiHero AeňcTBHa napa 3 HTHux tokob 
ot TpaMBaeB h t. a., pas-be^aromax npoAoaceH- 
hhh b 3eM^e Kaóe^b, coeAHHHTeAbHbie npoBOAa 
(b BHfle toto >Ke KaóeAa) MoryT 6 uTb b hckak> 
HHTe^bHbix CAyaaax h noABecHbíMH. 

CoejHHHTe^ibHbie npoBo^a co3AaioT ueAbifí paA 
3aTpyAHeHHS npa HCnoAb30BaHHH 3amHTbi. rioBbi- 
inaa nepBOHaqaAbHue 33TpaTbi Ha 3amnTHoe 060 - 
pyaoBaHHe, BcnoMoraTeAbBbie npoBOAa KpoMe 
TOTO (h 3 T 0 OCOČeHHO B3>KH0) pe 3 K 0 CHHHtaiOT 
3KCimoaTaaHOHHbis KaaecTBa 3amHTbr. 

B BcnoMoraTe^bHMX npoBOAax, KaK yaasbiBa- 
vlOCb Bbíme, B03HHK3IOT SMKOCTHbie TOKH. KpOM 6 
T °»°« n ^ H n P 0K,;,ia ^ Ke Kaóe^a b HenocpeacTBeH- 
HOH 0AH30CTH OT AHHHň BMCOKOTO HanpHHCCHHH 
b ero HCH^ax MoryT B03HHK3Tb euie h tokh bahh- 

HHH. 
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EMKOCTHbie TOKH. EMKOCTb MeHCAy OTfleTb- 
HblMH JKHAaMH KaĎeAH H MOKAy JKHA3MH H 3eM- 
Aefi OÓyCAOBAHBaiOT B03HHKH0BeHHe B BCnOMOra- 
TeAbHblX npOBOAaX 3aiUHTbI eMKOCTHbIX TOKOB. 

EMKOCTb Meacay OTAeAbHbíMH hch/omh coejHHH- 
Te^bHbix npoBOAOB SpoHHpoBaHHOro Ka6e^a c pe- 
3HHOBOň H3o^iauHefl HMeeT 3HaaeHHe nopa^Ka 

0,06 — 0,15 (j.F/km. ripn 3aMbiK3HHn oAHoň hcham 

Ha 3eMAK) eMKOCTb 3flOpOBHX JKHA nO OTHOHie- 
hhk> k noBpeacAeHHoň HMeeT eme OoAbmee 3Ha- 
aeHHe. 

Ha^HHHe eMKOCTH npHMepHo b 1 pF h 6oxee 
MoaceT, KaK noKa3HBaeT onbiT, noBecTH npa hc- 
no^b30BaHHH peAe TpaHCAeň y*e k HenpaBHAb- 
HOMy aeftcTBHio 3amHTbi. 9to oó-bHCHaeTca TeM, 
hto npOTeKaiomHft no BTopanHofl oOmotkc pe^ie 
eMKOCTHblft TOK C03JiaeT nOTOK <& 2 , 
B33HMOjteňCTBHe KOTC^OTO C Op BU- 
3biBaeT BpaniaiomHíi momcht. 

EMKOCTb Meac/iy coeAHHHTeAb- 
hhmh npoBOAaMH He AOCTHraeT 
(npH yaeTe h c^ynaa 3aMbiKaHna 
OAHOň acH^bi Ha 3eMAio) onacHbix 
A3H AeftCTBHH 3ain«TbI BeAHHHH, ecAH 
AAHHa 3amHinaeMoro yaacTKa ^ihhhh 
H e npeBoexoAHT npHMepHo 15—20 km. 

Tokh bahhhhh. Tax KaK koh- 
TpoAbHbiň' KaóeAb pacnoAoaceH hho- 
TAa B6JIH3H BblCOKOBOAbTHbIX JlHHHPl 

((Jjnr. V, 38), to b ero acn^ax MoryT 

B03HHK3Tb 3. A- C., BbI3blBaeMbie HB- 
AeHHeM 3AeKTpOMarHHTHOň HHAyKUHH 
h Ha3biBaeMbie 3. a. c. bahhhhh. 

npH HOpMaAbHOM peaCHMe paÓOTbl 
BblCOKOBOAbTHOň AHHHH 3. A. C. BAHH¬ 
HHH He3HaaHTeAbHbi, TaK KaK cyMMa HaBeAeH- 
Hbix b KaacA-ofl aíHAe KaóeAH 3. a. c. ot MarHHT- 
HblX nOTOKOB Tpex (f>a3 BblCOKOBOAbTHOň AHHHH 
6AH3Ka K HyAK). IlpH 33MbIKaHHH Ha 3eMAK) npO- 
BOAa BblCOKOBOAbTHOň AHHHH - 3. A- C. BAHHHHH 
b BcnoMoraTeAbHHx npoBOAax 3HaaHTeAbHo B03- 
pacTaiOT 3a caeT noaBAeHHa MarHHTnoro noTOKa, 
oóycAOBAeHHoro tokhmh HyAeBoň nocAeAOBa* 

I TeAbHOCTH. 

BeflHHHHa 3. fl. C. B^IISHH 3 E a , HaBOAHMafl B COeAHHH- 
TejibHbix npoBOAax, npn napajuiejibHOM pacnojio>KeHHH Ka- 
oejifl no OTHOineHnio k BbicoKOBOJibTHOíi ;ihhhh, npn6^H>KeH- 
ho MOHceT 6bHb BbipaxceHa [JI* 5J ypaBHeHHeMi 

E š = kl‘l-<oM t (V, 39) 

i\&e /—BJiHíiiomHH tok jihhhh 9^eKTponepeflaqn,- 

/ — flJiHHa yqacTKa Kaóejin, KOTopoň onpeiieViíreT* 

CH Eq, j 

k — K09(j)HnHeHT, yqHTbiBaioinHH SKpaHHpyiomee AefícT- 
B«e oóojioqKH KaóejiH; 

<ůM — peaKTaHC B3aHMOHHny kiíhh Me^cíiy h i<a6e- 

^eM, 3aBHcamnH ot paccroflHHH Mencjiy hhmh h npo- 

BO^HMOCTH noqBbi. 

E e b OT^e^bHbix )KHJiax Kaóe^n 3 a cqeT Majioro 
paCCTOHHHH Mexc^y HHMH p33HHTCH He3HaqHTe^b- 
ho h HanpaB^ieHbí b OAHy CTOpoHy. lloaTOMy ohh 



V, 38, npHMepHoe pacnojionceHne koh- 
TpojibHoro Kaóe^g, npojioxcenHoro b 3eMJie. 


4>ht. V, 39. flnarpaMMa 
pacnpejiejreHHH a. c. 
BJIHHHHH no A^HHe Bcno- 
MoraTejibHbix . npoBonoB 
npH 3aMHK3HHH Ha 3eMJIK) 
Ha KOHi^e yqacTKa. 



oSyCJIOBJIHBaiOT B HCnpaBHbIX COeflHHHTe.HbHbIX 
npoBO^ax tok bjihhhhh, 6^h3khS k Hyjno. 

OnaCHblM ÍVIH 3am,HTbl TOK B./IHHHHH OKa3U‘ 
BaeTCfl npn noBpeacaeHHH b BcnoMoraTe^ibHbix 
npoBo^ax. HapacTaHHe a. r. c. E e BflOJib Kačena 
npoHcxoAHT nponopu,HOHa^bHO .zyiHHe l. A-aa pa- 
caeTOB bboahtch cpea,Hee 3HaaeHHe 3. r. c., paB- 
Hoe rjih paccMaTpHBaeMoro c^yaaa 0.5.ĚS. B c.ny-' 
nae 3aMbiKaHHH híh^h Kačena Ha 3eMJiio, b Heno- 
cpeACTBeHHOft 6 ^h30Cth ot 3am,HTHoro ycTpofl- 
CTBa (<J)Hr. V, 39), qepe3 BTopnaHyro oÓMOTKy 
pejie npofl^eT MaKCHMa^bHbifl tok no nyTH: 06- 
MOTKa pe^e, MecTO npo6oa ochoto npoBOAa, 
eMKOCTb no OTHomeHHio k 3eM^e apyroro npo- 
BOjia. 9 tot tok b ochobhom Sy^eT onpe,o,e./iHTb- 
ca 0,5 E e HenoBpeacAeHHoro npoBoaa h ero eM* 

KOCTbK) no OTHOUieHHJO K 3eM^e. S^eKTpOABH- 
acymaa CH^a noBpeaca,eHHOro ripoBOaa Ha BeJiH- 
aHHy TOKa, npoTeKaiom,ero aepe3 oÓMOTKy pe.ae, 
B^HHTb He ĎyiieT. 


nojraraa paBHOMepHo pacnpeAejieHHyio eMKOCTb cocpe- 
AOToneHuoH b cepeAHHe ynacTKa, nojiyqaeM 


; o,5 e b 

lc -jx c + Q,SZ A ^Z p ' 


(V, 40) 


npeHeóperaa conpOTHBJieHHG»i pejie Z p h npOBOjia Ka- 


óejia Z A no cpaBHeHHio c ero eMKocmbiM (npOBOA-3eMJia) 
conpoTHBJíeHHeM Xq (oóbiqHO b HecKOAbKO cot pa3 óojibiue), 
nojiynaeM 


I c = J*CE cp , (V, 41) 

r^e E cp — cpeflHee 3HaneHHe a. a. c. bjihhhhh, paBHoe 0,5 E e • 
ripaKTHnecKH 3aMbiKaHHe Ha 3eMJiio nacTO nponcxoAHT 
nepe3 R n ; noaTOMy AeHCTBHTejibHbin tok mohcct óbiTb 
MeHbine: n 


/c = 


tp 




(V,«) 


HaHMeHbinee 3HaqeHne (paBHoe Hyjiio) Iq HMeeT npn 
33MbIK3HHH HCHJIbl Ha nOAOBHHe AJIHHbl KaÓe/IH, TaK KaK 
b 3tom c;iyqae b KOHType, očpa3yiomeMCH npn noBpeHCAe- 
hhh, AeHCTByioT (<j)nr. V, 39) ABe paBHbie h npoTHBonojiOHC- 
ho HanpaBAeHHbie 3. a. c. E e AByx npoBOAOB. 


npOTeKaa no oÓMOTKe pe^e, tok b^hhhhh mo- 
HceT npHBecTH k HecejieKTHBHOMy aeftcTBHio 3a- 
IHHTbl. OnaCHblM C TOHKH 3peHHH HeCejieKTHBHOrO 
aeňcTBHa pe^ie TpaHCJieň hb^hctch tok nopa^Ka 
6 —10 m A B 33BHCHMOCTH OT yCTaHOB^ieHHOTO ip. m . 

KpOMe 3TOTO 3. R. C. BJIHHHHH MOTyT OKa3aTbCH 
onacHbíMH .nym h30^hhhh annapaTypbi. 

B ne^ax orpaHHqeHHH 3. r. c. bjihhhhh Heo6- 
xoflHMO CTpeMHTbca npoKJiajibiBaTb BcnOMoraTe^b- 
Hbie npoBo^a Ha TaKOM pacCToaHHH ot Tpaccw 
JIHHHH BblCOKOTO HangHJKeHHH, HTOĎbl HaBOflHMbie 
3. R. C. no B03MOJKHOCTH He npeBOCXOAHJIH RO- 
nycTHMbix BejiHHHH nopa^Ka 250 V. 

Ha3Ha<ieHHe kohtpojih HcnpaBHOCTH ecnOMO- 
raTejibHbix npoeoAOB. Ajih npeaoTBpameHHH bo3- 
mohchocth cpaóaTHBaHHH pejie npn 3aMbiKaHHH 
MejK^y BcnoMoraTe^bHUMH npoBOAaMH, a Taxace 
noR BRHHimeM HaBOAHMbix 3. r. c. Cfle^yeT o6e- 
peraTb KaóeRb ot B03MOHíHbix noBpeacAeHHň, 


Mhc^o bo3mo)khux MexaHHaecKHx noBpeacaeHHfl 
KaĎe^a MoaceT óbiTb 3HaaHTe^bHO CHHaceHO, eom 
KafíeJih npo/ioacHTb He npaMo b 3eM.ie, a b cne- 
nna^bHbix acóecT-neMeHTHHx Tpy6ax hjih ĎJioKax. 
noc^eflHee oó^eraaeT Taxaíe ero sKcn^oaTauHio. 

B ue^ax ycTpaHeHHH bo3mohchocth Hece^eK- 
THBHoro AeňCTBHa npn noBpeacaeHHH b coeanHH- 
TeabHOM Kaóeae 3am,HTa TpaHcaefl, KaK npaBHao, 
aonoaHaeTca ycTpoftcTBOM aaa KoHTpoaa ncnpaB- 
hocth BCnoMoraTeabHbix npoBOAOB. 

Eca« coeaHHHTeabHue npoBoaa HaaexcHbí, a tokh 
TporaHHa 3amHTH óoabuie MaKCHMaabHbix pačo- 
HHX TOKOB JIHHHH, AOnyCKaeTCH HeaBTOMaTHHe- 
ckhS KOHTpoab, nepHO/umecKH ocymecTBaaeMufl 
oócayacHBaiOHiHM nepcoHaaoM. Eca« xce tokh 


8cna**o2nmejTbHbie 



8mopu*flma 
oŮMomka 
ps/ie mpaHMieú 


<í>Hr. V, 40. npHHijHnHajibHafl cxewa kohtpoah HcnpaBHOCTH 
BcnoMoraieAbHbix npoBOAOB. ~~ 

TporaHHH 3amHTbi MeHbine paóo^Hx tokob, a b 
ocoĎeHHOCTH, Kor^a caMH BcnoMoraTe^ibHbie npo- 
BOAa H.7IH yC^ÍOBHH HX npOK^ia^KH HeAOCTaTOHHO 

Ha^excHbí, ue^iecoo6pa3HO ocymecTB^ieHHe 3 bto- 
MaTH^ecKH ^efícTByiomero kohtpo^h. 

ABTOMaTHHeCKHÍi KOHTpOJIb HeOĎXO^HM B *ia- 
cthocth naň c^iyqaeB, Kor^a b KaqecTBe Bcno- 
MoraTe^ibHbix npoBOAOB, KaK sto HHor^a ctbah 
A e^aTb b noc^ie^Hee BpeMH, HCno^ib3yiOTCH m3ao 
Ha^excHbie B03^ymHbie npOBOAa, npoK^a^biBaeMbie 
Ha CTOJlÓaX CBH3H, H^yiUHX B^O^b TpaCCbl 

3amHmaeMOÍÍ BUCOKOBO^bTHOři 

yCTpofííCTBO AJIH aBTOMaTHHeCKOTO KOHTpOAH HcnpaB¬ 
HOCTH BcnoMoraieAbHbix npoeoAOB. K ycTpoňcTBy ajih 
aBTOMaTHnecKoro kohtpoah BcnoMoraTeAbHux npoeoAOB 
npeAT>HBA5nOTCH CAeAyíOmHe OCHOBHbie TpeÓOBaHHH.* 

1) KOHTpOAIí AOAACeH OÓecneHHTb ČAOKHpOBKy, T. e. Bbl- 
BeAeHne 3amnTbi H3 AencTBHH npH Bcex Tex noBpoKAeHHax 
B COeAHHHTeAbHblX npOBOAaX (3aMblK3HHHX Me)KAy HCHA3MH 
h acha Ha 3eMAio), KOTopbie cnocoóHbí Bbi3B3Tb ee HeceJieK- 
THBHoe AeHCTBHe; KOHTpoAb AOAHceH b CBH3H c 3 THM peam- 
poBaTb n npn 33MUK3HHBX nepe3 R n \ 

2) KOHTpOAb AOAAíeH CHrHaAH3HpOB3Tb HJIH ÓJIOKHpO- 
BaTb c nocAeAyiou;eH CHmajiH3auHeH 3amnTy npH oópbiBe 
b coeAHHHTejibHbix npOBOAax b ueAíix cBoeBpeMeHHoro ycT- 
paHeHHH Ae^eKTa; 

3) yCTpOHCTBO AJIH KOHTpOAfl He AOAJKHO 3HaHHTeAbHO 
CHHiKaTb nyBCTBHTeAbHOCTb H H3AeiKHOCTb 3aiUHTbI H yBeAH- 

HHBaTb BpeMH ee abhctbhh. 

npHHUHnHaAbHan exeMa AAH OAHOrO H3 BOSMOlKHbIX 
BapHaKTOB OCymeCTBAeHHH KOHTpOAH HcnpaBHOCTH BCnOMO- 
raTeAbHbix npoBOAOB 3amnTbi TpaHCJieň npeACTaBaeHa Ha 
$Hr. V, 40 [JI. 6]. 
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rioCTOHHHblH KOHTpOJIb HCnpaBHOCTH BCnOMOraTeJIbHHX 
npoBo^OB ocymecTBJíneTCH TeM, uto no npOBoaaM 3amHTbi 
TpaHCJieft HenpepwBHO npoxoaHT nocTOHHHbift tok ot He3a- 
BHCHMoro HCTo^HHKa /, HajiOMceHHbiň Ha nepeMeHHbiíi tok 
BTOpHHHOH UenH peJie. nOCTOHHHHH TOK BbIÓpaH nOTOMy, 
hto oh He OKa3biBaeT cymecTBeHHoro bjihhhhh Ha xapaKTe- 
Phcthkh pejie TpaHCJien, paóoTaiomHx Ha HunyKUHOHHOM 
npHHUHne. 

npaKTHqecsH b KanecTBe HCTOHHHKa nocTOHHHoro TOKa 
MOxceT 6wTb ycTaHOBJíeH BbinpHMHTeJib, paOoTaiomHH na- 
pajiaejibHo c óaiapeen cyxHX sjíeMeHTOB HanpHHceHHeM 120 V. 

B 3tom cayqae OaTapen npe.&Ha3HaqeHa ujih pe3epBHpo- 
BaHHH nHTaHHH nenn kohtpojih b momcht OTKa3a BbinpHMH- 
TejiH hjih npH nocajuce HanpniKeHHH (3a cneT, HanpHMep, 
KOpOTKOrO 33MbIKaHHH B 3aiUHIUaeMOH CeTH). TaKHe yCJIOBHH 
paÓOTLI C03aaK)TCH BHÓOpOM COOTBeTCTByíOmHX HanpHHCeHHH. 

3 aMKHyTbIH KOHTVp UenH nocTOHHHoro TOKa e OXB3TOM 
Bcéfí .tjihhw BcnoMoraTeabHbix npOBOflOB h BTopnqHbix 06- 
motok peJie co3naeTCH pe30HaHCHMMH 
iuyHTaMH 2 . LllyHTbi 2 HacTpoeHbí Ha 
pe 30 HaHC HanpBHceHHH npoMbiuiaeHHoň 
qaCTOTbl H HMeiOT nOSTOMy HHHTOHCHOe 
conpOTHBJíeHHe hjih nepeMeHHoro TOKa 
h čecKOne^HO óojibinoe ujih nocTOHH- 
Horo. Bcj/eACTBHe SToro .ujih nocTOHH • 

Horo TOKa HCKaiOHaeTCH B03M0)KH0CTb 

33MbiKaHHH ero tojibko b uenu pejie 
OHTpojiH h oóycaoBJíHBaeTCH nyTb 
ajih ero npoxoiKAeHHH no nenn Bcno- 
MoraTejibHbix npoBOflOB 3amHTH TpaHC- 
jien. 

npH fleňcTBHH 3amnTbi nepeMeH- 
HblH TOK MOlKeT qaCTHHHO npoxoflHTb 
qepe3 uenb pejie kohtpojih. B uejinx 
orpaHHHeHHH ero BeJiHHHHbí, a TeM 
caMUM h npe.nynpe>KjieHHH HenpaBHJib- 
Horo jxeHCTBHH b stom cjiyqae koh¬ 
tpojih, b uenb pejie kohtpojih bkjiio- 
neHbí apoccejiH 3 hjih aonojiHHTejibHO 
apyrne KOHTypbi. 

AKTHBHoe conpOTHBJíeHHe 4 cjiy- 
iKHT flJIH nOBblineHHH HyBCTBHTeJIbHO- 
cth kohtpojih npH 3aMbiKaHHHx Meteny 
HCHJiaMH KaóejiH qepe3 óojibume R n 

(CM. HHHfe). 

JleHCTBHe cxeMbi 

1. O 6 p bl B HCHJIbl KOHTpOJIb- 

Horo KaóejiH. Tok b pejie koh¬ 
tpojih HCHe 3 aeT, npnxojiHT b fleScTBHe 
pejie MHHHMajibHoro TOKa 5 h 6 , bh- 
BOflHT 3 aiUHTy H 3 AeHCTBHH H flaiOT 
CHTHaji oócjiyiKHBaioiueMy nepcoHajiy. 


2. 3aMHKaHHe m e hí .& y % h ji a m h q e p e 3 R n . 
nepexoflHoe conpOTHBJíeHHe R n ^ 1 500 — 2 500 Q hbjihctch 
yace onacHbíM ajih 3amHTbi. npH TaKOM 3HaqeHHH R n 3 aiuHTa 
TpaHCJieň MOHceT nojieHCTBOBaTb HecejieKTHBHo. npH 3aMbi- 
k3hhh MeiK^y HCHJiaMH qepe3 R n óajuiacTHoe conpOTHBJíe¬ 
HHe 4 ciiHHcaeT tok b uenn pejie 5. fleficTByioT pejie 7 h ó, 
bhboaht 3aiUHTy H3 paóoThi h uaioT CHrHaji. Pejie 7 npn 

- CBoeM AeiícTBHH pa3pbiBaeT aonojiHHTejibHo uenb nocTOHH- 
Horo TOKa (b uejinx ynpomeHHH npoxoHc.neHHe uenn no- 
CTOHHHoro TOKa nepe3 KOHTaKTbi pejie 7 Ha 4>nr. V, 40 He 
yxasaHO) h sthm oóecnenHBaeT cpaóaTHBaHHe pejie 5 npH 
3aMbiKaHHH nepe3 CTOJib čojibinHe R w Korjia h HajiHqne 
OajijiacTHoro ponpoTHBJieHHH He^ocTaTouHo ^jih ero uencT- 
BHH. 

3. 3aMbiKaHne hchjim KOHTpojibHoro Ka- 
óejiH Ha 3 e m ji 10 . B uejinx ,o6ecneneHHH kohtpojih Ka- 

ÓeJIH npH 33MbIK3HHHX Ha 3eMJIK) HCTOUHHK nOCTOHHHOTO 
TOKa 333eMJIHeTCH. JJjIH 333 eMJieHHH BblÓHpaeTCH TSKaH OT- 
naHKa ot OaTapeH, npH KOTOpow 9KBHnoTeHUHajibHa« 3eMjie 
Toqsa b uenn kohtpojih Haxo^HTCH npHMepHo b cepeAHHe 
floóaBOHHoro, xoporno H30JiHpoBaHHoro óajuiacTHoro conpo- 
ŤHBjíeHHH 4. CoejiHHHTejibHbie npoBO^a npH stom bo Bcex 


<řnr. V, 41. rioJiHan cxeMa o.UHopejieíi-' 

HOH 3aiUHTbI TpaHCJieS C KOHTpOJieM 
HCnpaBHOCTH BcnoMoraTejibHbix npo- 

BOAOB* 

hV — Tpafic<|)opMaTOp TOKa; 2, 2' pejie TpaHc" 
aeň; 3,3' — BcnoMoraTejibHbiH TpaHC^jopMaTop 
T»na BY-125; 4,4' — peae MaKCHMaabHoro 

TOKa 3T-61/10; 5 , 5 ' —-peae npoiyteHcyTOMHoe 
311-241; 6,6'-6Jinř«cep 3C-9I; 7 , 7 ' — KHoriKa 

inyHTHpyiomaíi; 8 — pejie kohtpojih ot 3aMbi- 
KaHHfi Ha 3eMJiio 3T-60 moa.; 9—pejieiwa- 
KCHMajibHoro Tona KOHTpoaji nc, 16 m\; 

10 — pejie MaKCHMajibHoro Tona kohtpojih nC, 

4,2 mA; 11 — pejie npoMeHcyToqHoe 3FI- 
461 'oi. 48 V; 12 — pejie MHHHMajibHoro Toká 
kohtpojih nC, 4,2 mA; 13, 13'— mym pe 3 o*- 
HaHCHbiň BY-13; 14 — ĎaTapeH kohtpojih 

120 V; ^ “. c ° n POTHBaeHHe 6 ajuiacTH 0 <? By-58; 16 - pejie npoMeHcy 
TOHHoe 3n-40I, 110 V; ]/ — KHonaa nycKOBoro kohtpojih; 78—conpo 
THBJíeHHe aoóaBOHHoe By-51; 19,19' — apoccejib — HC-60; 20 2(7— 

nepeKJiio»iaTej|b yri; 21,21'— jiaMna CHrHajibHaa; 22,22' — pyÓHJibHHK Wx 
tiojhochhh; 23,23' — 3a>KHMbi HcnuTaTejibHoro kohtpojih; 24,24' — 
KJiáAKa; 25,25' — MHJiJiHaMnepMeTp MyM 0 — 50 mA. 
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To^Kax HMeioT no OTuomeHHio k 3 eM^e onpeaejieHHbiH no* 
TeHuna^, otjih^hhíí ot Hyjin. 

npn 33 MbiKaHHH O.HHOH xcH^w KaóejiH Ha 3eMJiio cpaóa- 
TbiBaeT pe;ie 6, BbiBoaa 3amHTy H3 aohctbhh h noflaBaa 
CHnm;i. npH ^eHCTBHH pe;ie 8 ao;nKHa BbiBOflHTbCH 3amHia 
h npoTHBOiio^OHCHoro KOHna jihhhh. C 3toh nejibio peJie 8 
npn CBoefl pačoTe pa3pbiBaeT uenb Tona kohtpojih (Ha cxe¬ 
Me ne noi<a3aHo) h npHBO^HT TeM caMbiM b achctbho 
h pe;ie 5. 

nojmaa npHHUHnHaJiLHaH cxeMa paccMOTpeHHoro koht- 
pOJIbHOrO yCTpOHCTBa IH flByxnpOBOflHOH cxeMbi 3aiHHTbI 

AaHa Ha <jwr. V, 41. 

OĎiuHe BbiBOjbi. B pe3yvibTaTe paccMOTpeHHH 
íH4»epeHUHa^bHoň 3amHTbi THna TpaHCAeň aah 
jiHHHň mojkho oTMeTHTb CAeAyiomHe ee npeHMy- 
mecTBa no cpaBHeHHio c npHHUHnHaAbHbíMH cxe- 

M3MH, OCHOB3HHbIMH Ha paBHOBeCHH TOKOB HAH 
HanpaaceHHň: 

, 1) HMeeT TopM03Hoe fleňCTBHe, hto AaeT bo3- 
MOHCHOCTb nOBblCHTb ee HyBCTBHTeJIbHOCTb npH 

BHyTpeHHHX noBpeacAeHHax h ydpaHHTb onac- 
HOCTb Hece^eKTHBHOrO AeňCTBHH OT Í H 6 npH CKB03- 
HblX KOpOTKHX 3aMHKaHHHX; 

2) b KanecTBe BcnoMoraTeAbHbix npOBOAOB 
xax 3amHTa, ocHOBaHHaa Ha paBHOBeCHH Hanpa- 
HceHHň, no3Bo^aeT ncnoAb30BaTb achau Maaoro 
ceaeHHH (1,5-*-2,5 mm 2 ); 

3) n03B0^aeT npHMeHHTb HopMaAbHbie TpaHC- 
<J)OpM3TOpbI TOKa. 

K He^ocTaTKaM 3am«Tbi cAeayeT OTHecTa: 

1) HeoóxoflHMoCTb BcnoMoraTe^bHbix npoBO- 
AOB H KOHTpOAH HX HCnpaBHOCTH, HTO yCAOHCHHCT 
h yAOpoacaeT 3 amHTy; 

2) BpeMa iieňCTBHa 3amnTbi 3a caeT HecoBep- 
meHCTBa KOHCTpyKUHH peAe OTHocHTeabHo Be- 
jihko; 

. 3) 3auiHTa MoaceT AeňCTBOBaTb KacKaAHO 
b KOJibuoBaHHoň ceTH b tom CAyqae, ec.au pac» 
npeAe^eHHe Tona noBpeacAeHHa 6yAeT TaKOBO, 
mto c oAHoft H3 ctopoh k MecTy noBpeacAeHHa 
Ha jihhhh noATexaeT He3HaqHTeAbHuft tok kopot- 

KOr.O 3aMbIK3HHfl; 

4) npn ^eňCTBHH AeHOHHbix pa3pajjHHKOB peAe 
BCJieACTBHe H3JIHHHH y HHX ĎOAblIIOrO HHepilHOH- 
Horo Bbi6era MoryT npnňTH b AeftcTBHe. JJjia npeA- 
OTBpameHHH HenpaBHAbHoro aeňCTBHa 3aiuHTU, 
HecMOTpa Ha óoAbinoe coócTBeHHoe BpeMa ee 
cpaóaTHBaHHa, TpečyeTCa npn HajiHHHH t3khx 
pa3paAHHKOB jionojiHHTejibHoe ÓJioKHpyiomee ycT- 
poficTBO (očbiqHo peae MaKCHMajibHoro TOKa mtho- 
BeHHOrO AeňCTBHH, HMeiOmne HHqTOHCHblň HHep- 
HHOHHtjft Buóer h Majioe BpeMa B03BpaTa, hto 
B aacHO aah npeAOTBpameHHa cpaóaTbiBaHna cxe¬ 
Mbi npn MHOroKpaTHOM AeňcTBHH pa3paAHHKa, 
h BMxoAHoe npoMeacyTOHHo pejie) h, cjie^oBa- 
TejibHO, ^ajibHeňmee ycAoacHeHHe 3amaTu; 

5) npn Hcn0Jib3OBaHHH coeAHHHTejibHux npo- 
bo,hob Majioro ceaeHHa 3ainHTa BCJieACTBne 6ojib- 
moro conpoTHBJíeHHa BTopnaHOň uenn MoaceT 
OKa3aTbca HeAOCTaToqHO qyBCTBHTejibHoft; 

6) ĎOJIbmaa CTOHMOCTb 3amHTbi (b ochobhqm 
CTOHMOCTb Ka6e;ia h ero npoKJiaAKH) npn 3HaaH- 


TeJIbHOfl AJIHHe 4HHHH, HeCMOTpH Ha B03M0HC- 
HOCTb npHMeHeHHH npoBOflOB Majioro ceaeHHa. 

npHHHMaa bo BHHMaHHe yKa3aHHue coo6pa- 
Hce«Ha, a Taxace h o6mne CBoftcTBa npoaojibHOii 
AHifiepeHUHaabHoft 3amHTbi, oueHKa kotophx aaHa 
6ujia Bbíme, 3amHTa TpaHCJieň ycTaHaBjíHBaeTca 
Ha JIHHHHX, TpeÓyiOmHX MrHOBeHHOTO OTKJIIOHeHHa 
noBpeacAeHHň h He AonycKaiomHX npnMeHeHHa 
6ojiee npocTbix h AemeBbix 3amHT: 

a) HanpaHceHHeM 110 kV h Bbíme npn ajih- 
He yaacTKOB, He npeBocxoAameň npHMepHo 10 — 
15 km; 

6) HanpaaceHHeM 35 kV npn AAHHe yqacTKOB. 
He npeBOCXOAaiuHX npHMepHo 4 — 5 km; 

b) HanpaaceHHeM HHace 35 kV npn kopotkhx 
jihhhhx, CBH 3 biBaiomHX, HanpHMep, MeHCAy co6oň 
CTaHHHH Ha HanpaaceHHH 6—10 kV. 

Ha ahhhhx 110 kV H Bbíme, ĎOAbmeň npoTa- 
aceHHOCTH, paóOTaiomHx b Tex ace ycaoBHax, no 
3K0H0MHMeCKHM H TeXHHHeCKHM COOÓpaHCeHHHM 
npeAnoHTeHHe aoahcho 6uTb ota3ho, HanpHMep, 
3aiIÍHTe C BHCOKOqaCTOTHOft ÓAOKHpOBKOň (cm. 
TA. VI). 

Ha ahhhhx 35 kV Ha yqacTKax óoAbmoň aah- 
Hbl OdbiqHO npHMeHHIOT AHOTaHAHOHHyiO HMne- 
AaHCHyio 3amHTy (cm. ta. IV) hah Apyrne óoAee 
npOCTHe 33IIÍHTM. 

HeOĎXOAHMO OTMeTHTb, HTO B nOCACAHHe TO- 
Abl ACAaAHCb nonbITKH HCn0Ab30BaHHH B KaqeCTBe 
COeAHHHTeAbHUX npOBOAOB CBH3H HAH OTAeAbHbIX 
B03AyuiHHX npOBOAOB, nOABemeHHux Ha CTOAóax 
AHHHft CBH3H. HaAeHCHOCTb 9THX npOBOAOB, KaK 
npaBHAO, 3HaqHT6AbHO HHace HaAeacHOCTH 3aníH- 
maeMbix ahhh0. FIosTOMy BunOAHeHHyio TaKHM 
o0pa3OM 3amHTy b ĎOAbuiHHCTBe CAyqaeB mohcho 
paccMaTpHBaTb KaK AOnoAHHTeAbHyio, ycTaHaB- 
AHBaa ee A-aa ycKopeHHH OTKAioqeHHfl noBpeac- 
AeHHň. 

X(H<J)epeHUHaAbHaa 3amnTa TpaHCAefl, HecMOT- 
pa Ha HeKOTopae BecbMa ueHHbie ee KaqecTBa, 
Bce ace He MoaceT óbiTb OTHeceHa k qncAy coBep- 
meHHbix npoAOAbHbix AH^epeHUHaAbHbix 3auiHT. 
K HHCAy OCHOBHbIX ee HeAOCTaTKOB C 9T0ft TOq- 
KH 3peHHH OTHOCHTCH OTHOCHTeAbHO ÓOAbmOe 
BpeMa AeftCTBHa h CHAbHo KOAeĎAiomaacH qyBCT- 
BHTeAbHOCTb npH OAHOpejieftHOM BbinOAHeHHH, 

hto cymecTBeHHo aah ceTefl c mbaumk tok3mh 
KOpOTKOrO 33MbIKaHHH. 

<I>HpMa BecTHHray3 pa3pa6oTaAa cxeMy npo- 
AOAbHoň AH^epeHHHaAbHofl 3amHTu THna HCB, 
KOTopaa HMeeT óoaee BucoKHe KaqecTBeHHbie no- 
Ka3aTeAH. 

14. AH4>EPEHUHAJIbHAfl 3ALU.HTA JIHHHH THI1A HCB 

OcHOBHue 9 JieMenTbi, BxoAnmHe b cxeMy 3 biahtm. 
npHHu.HnHaAbHaa cxeMa AH4>epemiHa.iibHoft 3amHTM HCB 
(High speed Current Balanced) npea.CTaB.ieua Ha (|)ur. V, 42. 
Ee npaKTH<recKoe HcnojmeHHe bo3mohcho KaK no cxeMe 
c UHpKyjuipyK>mnMH TOKaMH, Tax n no cxeMe c ypaBUOBe- 
meHHbíMH HanpniKenHnMH. 
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Ha 4>Hr. V, 42 npHBeaeHa cxeMa c nHpKyjiHpy joiuhmh 
T oxaMH. CpaBHeHHe tokob b HaqaJie h b KOHue 3amnmae- 
Moro yqacTKa ocymecTBJíaeTCH c Hcnojib30B3HH6M BCnoMo- 
raTeJibHwx npoBOAOB. KoMnJiexT 3amHTbi ajih oAHoro KOHija 
3aiUHmaeM0H JIHHHH COCTOHT [JI. 7 H 8] H3 KOMČHHHpOBaH- 
Horo (j)HabTpa 1, HacwmaiomerocH TpaHC$opMaTopa 2, Heo- 
hoboíí aaMnbi 3, AByx komiijisktob KynpOKCHbix BbinpHMHTe- 
Jieň 4, AH(J)epemiHajibHoro no;iHpH30BaHHoro pe;ie 5 . 

KancAbiH KOMiuieKT 3amHTH npncoeAHHHeTCH k BcnoMO- 
raTeabHWM npoBoaaM qepe3 H30JiHpyiomHH TpaHC([)opMaTOp 6 . 

KOMÓHHHpOBaHHblH (J) H JI b T p. KOMÓHHHpOBaH¬ 
HblH $HJIbTp 1 nHTaeTCfl OT TpaHC^OpMaTOpOB TOKa, yCTa- 
HOBJíeHHbix Ha KancAOH $a3e 3amnmaeMOH jihhhh. BiopnqHbie 
OÓMOTKH TpaHC(j)OpMaTOpOB TOKa COeAHHeHbl B 3Be3Ay. 



r A e I AX> l A 2 H /q — TOKH nOJIOHCHTeJIbHOH, OTpHIjaTejIbHOH 
h HyjieBoň nocjieAOBaTejibHOCTH h a = 
=^' 120 °. 

CoÓHpaa qjieHbí c tokamh oahh 3 Kobhx nocjieAOBaTejib- 
HocTeň h npHHHMan bo BHHMaHHe, hto 


(Ro + Ri) f Al +(r 0 + aVj i, + 

+ { Ro ~ / y¥) 

= UxRi + j*V 4! - jaí Al = 2Í Al R lt (V, 45) 

(Ro+ Ri)Í A 2 +.(^Ro+j ~^fj aí A2 J r 


+ 






—I 




(V, 46) 


’ / W6ft6T(RRr6ir '—' f n 


<f>HT. V, 43. KOMÓHHHpOBaHHblH $HJIbTp 33lU,HTbI HCB. 


ripH npoT6KaHHH no (jmjibTpy tokob Ha ero 3a)KHMax mti 
(<j>Hr. V, 43) noHBHTCH HanpjDKeHHe (J& onpeAejiaeMoe bto- 

pHqHHMH TOK3MH TpaHC^OpMaTOpOB TOKa H napaMeTpaMH 
4>HAbTpa. 

riOAHOe COnpOTHBAeHHe B3aHMOHHAyKUHH MeHCAy OÓMOT- 
K3 mh (j)a3 B h C TpexoÓMOTOHHoro peaKTOpa <j>HJibTpa h ero 
<f)a30H A CBH3bIBaeTCH C aKTHBHblM COnpOTHBJIČHHeM R x 

b <j>a3e A cooTHomeHHeM: Z M =j —7=-. 

y 3 

TaKofi noaóop napaMeTpOB peaKTOpa no3BOJiaeT hckjiio- 
qHTb yqacTHe tokob oTpHuaTeabHOH nocjieAOBaTejibHocTH 

B C03A3HHH HanpHHCeHHH Ha BHXOAe (j)HAbTpa. 

Ecjih npHHHTb HanpaBAeHHe ot m k n 3a nojioxcHTejibHoe 
HanpaBAeHHe HanpaweHHH £/ 0 , ro corJiacHO cxeMe íjiHJibTpa 
h npHHHToro Ha Hen ycjioBHoro nojiOHCHTejibHoro HanpaB- 
JieHHH TOKOB npH OTCyTCTBHH Harpy3KH HanpHHCeHHe Uq mo- 
hcčt čbiTb npeACTaBAeHa reoMeTpnqecKOH cyMMOH oTAeabHbix 
COCTaBAJHOIUHX 

^0 = 0a -\-Ib + ^c) ^0+ JaR 1 — 

- jj yk Íc + jJ Sť B ' (V,43) 

rAe ~ aKTHBHoe conpoTHBJíeHHe b HyaeBOM npoBOAe 
(^HAbTpa. 

npHHHMaa TOK i4, no KOTOpOMy OTCTpOeH (jíHJIbTp, 

3a OCHOI HOH H npHBeAH (nOJIb3yHCb MeTOAOM CHMMeTpHH- 

Hbix cocTaBJíaiomHx) k HeMy tokh B h C, ypaBHeHHe 
(V, 43) mohcho npeACTaBHTb b bhag* 

úo = (Ro + Rx) (iAI + tja + i o)+ (^o+Z-^f) X 

x { a2 ‘ l Al + a, A2+h ) + (Ro —j yjf') X 

X(<*j A i +aň A2 +Í 0 ), (V. 44) 


nojiyqHM*. 

ÍI —2/? (i ' Wo+Jh i ^ _ 

U 0 — 2Hi ^/yii -T 2R x *oJ — 

= 2^(/ 41 + AÁ 0 ), (V, 47) 

. 3^0 + Ri 

TAe k =- 2R x -K03(pHUHeHT (pHAbTpa. 

3HaqeHHe (Jq momcct 6biTb noayqeHo h noCTpoeHHeM 
BeKTopHon AnarpaMMbi (JjHAbTpa. Ha <J>Hr. V, 44 oHa BbinoA- 
HeHa a jih qacTHoro cayqan 3aMbiKaHHH Ha 3eMJiio (j)a3bi C. 

Ha 4 )Hr « V, 44a noKa3aHa BeKTopHaa AnarpaMMa TOKa 
noBpencAeHHH b npeAnoAoxceHHH, hto TOHa b HenoBpexcAeH- 
Hbix (jia3ax HeT, a Ha $nr. V, 446 AHarpaMMbi aah tokob ot- 
AeJibHwx nocjieAOBaTeJibHocTeň. Ha $Hr. V, 44b AaHU b^k^ 
TOpHbie AHarpaMMbi AJIH OTAeAbHblX COCTaBAHIOmHX Haiipa- 
aceHHH í/ 0 , OÓyCJIOBJíeHHblX TOK3MH nOAOHCHTeAbHOH, OTpH- 
uaTeAbHoň h HyaeBOH nocaeAOBaTeAbHocTeH. ConpoTHBJíe- 
HHe B3aHM0HHAyKUHH Z M npHHHTO HHCTO peaKTHBHblM. 

ílpH 3HaqeiiHH peaKTaHca B3aHMOHHAyKUHH, npHHHToro 
b \/3 pa3 MeHbíHHM Ri, BeaHHHHa U 0 noAyqaeTCH He33BH- 
CHiueň ot cocTaBJíHiomeH HanpHHceHHH OTpHuaTeabHCH no- 
caeAOBaTeA bHocTH. 

Ha 4>Hr. V, 44r BeAHHHHa HanpnaceHHH ř/ 0 , cooTBeTCT- 
Byiomaa (V, 47), nojiyqaeTCH KaK cyMMa oTAeAbiibix cocTa- 
BAHiomHX noAOHCHTeabHOH h HyaeBOH nocjieAOBaTejibHOCTeň. 
B COOTBeTCTBHH C 3THM (jlHJIbTp Ha3bIB3K)T KOMČHHHpO- 

BaHHbíM (JiHAbTpoM tokob nojioiKHTejibHOH h HyaeBOH no- 

CJieAOBaTeJIbHOCTH. 

TaK Kan (Jo Ha 3axcHMax $ H;lbT P a mn n P H 3aAaHHOM 
conpoTHBJíeHHH uenn peae h BcnoMoraTeabHbix npOBOAOB 
onpeAeaHeT coóoh h 3HaqeHHH tokob b stoíí uenw, to U 0 
b H3BecTHOH Mepe xapaKTepH3yeT coóoíl h qyBCTBHTeab- 

HOCTb 3aiUHTb!. 

ÍlpH BbIÓpaHHOM 3H3qeHHH AOnOAHHTeAbHblX COnpOTHB- 
jieHHH Ri h Ro HanpflHceHHe Uo - nponopuHOHaabHO reoMeT- 
pnqecKOH cyMMe tokob b noaoAíHTeAbHOH nocaeAOBaTeAb- 
hocth h npHBeAeHHbix (k $HAbTpy) tokob HyjieBoň nocae* 
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h3 ~Ibj = 0 


l c 3 


a) 



™\n-ji Cl % /(\ 



5 ) 


6 ) 


Jk ^ J (Wů*-jh R > 

''Uo,=2ÍaA 


^Bo\ | 

-ik% 


l-Ao^i 3Í 0 Rq 


Uo^t^Iq R 0 +I q fy 



Uo = Uoj+U 0z +U 0o = 2) 

= 2Í] Ri+3t 0 R 0 +í 0 R 

3Rq+Ri 


: 2 K,(W^i,) 


4 >nr. V, 44 . BeKTopubie jiHarpaMMbi tokob h HanpHHceHHŽ 
KOMÓHHHpOBaHHOrO <j)HJIbTpa 3 amHTbJ HCB. 

noBaiejibHocTH. Rnn ojthhx h Tex »ce 3 HaqeHHH tokob no- 
BpeHCfleHHH (Jo, a CJieflOBaTeJIbHO, H qyBCTBHTeJIbHOCTb 3 a- 
mHTbi óyayT 3 aBHceTb ot 3 HaqeHHH R t u R 0 . 

ripn Me»ciiy$a 3 Hux noBpeacAeHHHX (Koraa / 0 OTcyTCT- 
ByeT) B COOTBeTCTBHH c (V, 47 ) 


U 0 = 2 I Al Ri- 


(V. 48 ) 


HyBCTBHTeJibHOCTb 3amHTbi b 3 tom cjiyqae peryjinpyeT- 
CH TOJIbKO COnpOTHBJíeHHeM R^ npH 3aMbIKaHH3X MeHCJiy 
XByMH <J>a3aMH qyBCTBHTeJIbHOCTb Bcer.ua 0Ka3HBaeTCH 
b y/~3 pa3 MeHbmeft, qeM npH 3aMbiKaHnax Meway TpeMH <})a- 
33MH, Tax Kax b 9 tom uiyqae tok nojioacHTeJibHOH nocjie- 
^OBaTejibHOCTH b y~3 pa3 MeHbme nojiHoro Tona noBpeacfle- 
hhh, onpeaeJiHiomero HanpHHceHHe Uq npH TpQX<j>a3HOM ko- 

pOTKOM 3 aMMKaHHH (/ 2 = o). 

npH 33 MWKaHHHX Ha 3 CMJIK), KaK BHflHO H 3 (V, 47 ) H BM- 
panceHHH jijih k t qyBCTBHTe ji bHOCTb onpeaejiHeTCH conpoTHB- 
JieHHHMH Ri H Rq. 

B 3amHTe HCB peryjiHpoBaHHe conpoTHBjíeHHH h ko 9- 
4>HUHeHTa (JíHJibTpa ocymecTBjíaeTCH b npeaejiax ^jih R x — 
ot 0,075 flo 0,15 fí; ajih 7? 0 — ot 0,39 40 1,15 Q; a jih k — ot 
4,4 jio 32 , 5 . 

riO^ÓHpaH COOTBeTCTByiOmHH K 09 $HUHeHT 4 )HJIbT P a 
MOHíHO oÓecneqHTb HeoóxoflHMyio qy BCTBHTejibHOCTb 3 amn- 
Tbl H npH 33 MbIKaHHHX Ha 3 eMJIK). 

npH 33 MblK 3 HHH Ha 3 eMJIK) OUHOÍl (J*a 3 bl (Jq HMeeT H 3 H- 

óojibuiee 3HaqeHHe, npHqeM saMbíKaHHH <J)a3 B h C oóycjioB- 
jiHBaioT HecKOJibKO MeHbiuee U 0 , qeM 3aMbiKaHHe <J*a3bi A 
HacwmaiomHHCH TpaHC$opMaTop. npoMe- 
HcyToqHwň TpaHC<j>opMaTop 2 BbinojiHeH ÓHCTpo Hacbímaio- 
1UHMCH. npH TOK3X BblUie TOKa HaCbímeHHH TpaHC(J)OpMaTOp 
$aKTHqecKH npnaaeT cxeMe xapaKTep ycTponcTBa, peani- 



<í>Hr. V, 45 . npHHUHiiHajib- 
Ha« cxeMa nojiHpH 30 BaH- 
Horo AH^epeHUHajibHoro' 
peJie. 


pyiomero He Ha pa3HOCTb BejinqHH tokob, a tojibko Ha hs 
H anpaBJíenHe. Oómotkh TpaHC<i>opMaTopa hmciot oTnaHKH*, 
mto AaeT B 03 M 0 HCH 0 CTb flonojiHHTejibHO peryjiHpoBaTb qyB- 

CTBHTeJIbHOCTb 3amHTH. r 

HeoHOBaa ji a m n a. CorjiacHO <J)Hr. V,42 HeoHOBan 
jraMna npHCoe^HHeHa k BTopnqHofi oómotkc HacwmaiomerocH 
TpaHC^opMaTopa. Ilpn onpe^ejieHHOM 3HaneHHH HanpiiiKe- 
hhh Ha BTopnqHOH oÓMOTKe TpaHC(J)opMaTopa (nopflflKa 80 Vy 
xaMna 3 aropaeTCH h sthm orpaHHqHBaeT BejiHqHHy HanpH- 
HCeHHH, nOflBOflHMOrO K KynpOKCHblM BblíipHMHTeJIHM H no- 

jiapH30BaHHOMy pejie. 

Sto, HBJIHHCb 331HHTOH flJIH KynpOKCHWX BbinpHMHTeJieH^ 
npHAaeT* eme óojiee HacbímeHHMH xapaKTepHCTHKe 

TpaHC(J)OpMaTopa h yjiyqmaeT (})opMy KpHBoň HanpHHceHHH, 
xeHCTByiomero b BTOpHqHbix uenax. 

KynpOKCHbie BbinpHMHTeJiH. Ba MOCTa Kyn- 
pOKCHblX BWnpHMHTeJieH CJiyncaT AJIH nHTaHHH nOJIHpH30B3H- 
Horo pejie (peJie nocTOHHHOro TOKa) ot uenH nepeMeHHoro 
TOKa. KoMiuieKT BbinpflMHTeJieH, 

BKJiioqeiiHbix b uenb uHpKyjia- 
UHH TOKOB, nHTaeT OflHy 06 - 
MOTKy pejie (TOpM03Hyio). Kom- 
njieKT, BKJiioqeHHbia Ha pa3HOCTb 
tokob (napajiJieJibHO BTopHqHOfl 
oÓMOTKe TpaHC(j)opMaTopa 2), 
nHTaeT ^pyryio oóMOTKy pejie 
(paóoqyio). 

riOJMl'pH30Ba HHOe 

p e ji e. B AH(})epeHUHaJibHOH 
3amHTe HCB nojiapH30BaHHoe 
pejie npHMeHHeTCH KaK bmcokc- 
qyBCTBHTejibHoe pejie, cnocoó- 
Hoe pearHpoBaTb He TOJibKO Ha 
H3MeHeHHe BeJiHqnHbí TOKa b 
oÓMOTKe 9JieKTpoMarHHTa, ho h 
Ha H3MeHeHHe ero HanpaBJíeHHH. 

ripHHUHn JieHCTBHH nOJIHpH- 
30B3HH0r0 peJie C JlByMH oó- 
MOTK3MH nOHCHHeTCH (j)Hr. V, 45. PeJie COCTOHT V3 nOCTOJIH- 
Horo MarHHTa 7, 9 JieKTpoMarHHTa 2 u noABHHCHoro HKOpa o. 
Ha cepaeqHHKe ajieKTpoMarHHTa 2 pa3MemeHM flBe oómotkh: 
BepXHHH (TOpM03HaH) H HHHCIIHH (paÓoqaSl). 

Ecjih npn yqeTe noJiapHOCTH oómotok npe^noJiOHCHTb, 
qTO B HHHCHeH OÓMOTKe TOKa HeT, a B BepXHefi OH HMeeT 
yKa3aHHoe Ha (})Hr. V, 45 HanpaBjíeHHe, to no^BHHCHaíi qacTb 
HKopa 9JieKTpOMarHHTa 3 óy^eT npHTHHyTa b CTOpoHy no- 
jiioca S, Tax KdK pe3yjibTHpyiomHH noTOK 9JieKTpoMarHHTa 
HanpaBJíeH bhh 3 h npH^aeT noflBHHCHOMy qKopio 77 nojuip- 
HOCTb, BM3biBaíomyK) npHTHHceHHe ero R nojiiocy o. Koht 3 K- 
tw peae npn stom pasoMKHyTbi. 

ripH HaJIHHHH TOKa B HHHCHeH OÓMOTKe nOJIOHCeHHejIO.ttBHiK- 
Horo HKopn MeHHeTCH. Hhcjio bhtkob HHHCHeft (paóoqen) oómot¬ 
kh b Hec.KOJibKO pa3 óojibine, qeM qncJio bhtkob BepxHen (Top- 
M03HOH) OÓMOTKH. ECJIH, CJieflOBaTeJIbHO, B paÓoqeH OÓMOT¬ 
Ke tok óy^eT HMeTb ^ocTaToqHyio BejniqHHy, to pe3yjibTH- 
pyiomHH noTOK c yqeTOM HanpaBJíeHHH TOKa b oóMOTKax 
y»ce óy^eT HanpaBJíeH BBepx. nojinpHOCTb noABHHCHOro hko- 
pH H3MeHHeTCH h óy^eT Bbi3biB3Tb npHTHiKeHHe ero K no- 
jiiocy N. KoHTaKTbi pejie npn stom 33 MKHyTCH — pejie no- 
^eHCTByeT Ha OTKJiioqeHHe. 

W30JiHpyiomHH TpaHc4>oP MaT °P' ^ Ba K0Mn ~ 
jieKTa 3amHTbi, ycTaHOBJíeHHbie b naqajie h b KOHue 3amH- 
maeMOH jihhhh, npHCoe^HHeHbí k uenn BcnoMoraTejibHbix 
npoBO^OB qepe3 H30JiHpyiomHe TpaHC(})opMaTopbi. B ueriK 
BcnoMoraTejibHbix npOBO^OB 3amHTM HCB b ycjiOBHHX skc- 
nJioaTauHH (KaK h npH 3amHTe THna TpaHCJieíí) MoryT B03* 
HHKaTb BbicoKHe HanpHHceHHH, onacHbie AJIH 3 amHTHOrO oóo- 
pyjTOB3HHH. Ji JIH yCTpaHeHHH T3KOH OnaCHOCTH npHMeHHIOT 
H30JiHpyiomHe TpaHC(j)opMaTopbi 6 (<jmr. V, 42), BbinojiHeH- 
Hbie c HeHacbímaiomHMCH cep^eqHHKOM. 

Cpe^HHe TOqKH BTopnqHOH OÓMOTKH H 30 JIHpyi 0 mHX 
Tp'aHC$opMaTOpOB npn HejronycTHMbix 3 HaqeHHHX 9. A- c. 
bjihhhhh oóbiqHO 333eMJiHK)TCH. 9 to TaKHíe yMeHbuiaeT Be- 
poHTHOCTb HenpaBHJibHoro AeficTBHH 3amHTbi npn noBpe>K- 
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^eHHHx coeflHHHTejibHux npoBO^OB (HanpHMep, npH oópbiBe 
cáhoto npOBOAa). ' 

AeňcTBHe 3amHTbi. npH HopMajibHOM peacHMe paóoTM 
H npH CKB03H0M KOpOTKOM 33MblKaHHH Uq Ha 3aXCHM3X Itlll 
nachimaiomHxca TpaHC<})opMaTopoB óy^yT npHMepHo paBHbí 
no BejinqnHe, ho CABHHyTM Ha 180° BCJieACTBHe oópaTHoro 
JipHCOejXHHeHHH TpaHC4)OpMaTOpOB TOKa. 

TaK KaK HanpHHCeHHH Ha BTOpHHHbIX OÓMOTKaX Hacw- 
lUaiOIUHXCH TpaHC4)OpMaTOpOB HM6I0T TOT HCe CABHr, TO BO 
BTOpHMHOH uenH unpKyjiHpyeT TOK. BbinpHMJieHHblH UHp- 
KyjiHpyiomHH tok npoxoAHT no topmo3hmm o6motk3m peae 
M C03^aeT MOMeHT B CTOpOHy p33MblK3HHH K0HT3KT0B. 

B tom cjiynae, Kor.ua noBpenczieHHe npoH30H.neT b npe- 
Aejiax 3amHmaeM0H 3 ohm, HanpHMep, npn AeyxcTopoHHeM 
HHTaHHH, Uq C OÓeHX CTOpOH 3aiUHTH HJIH nOJIHOCTbK) HJIH 
6hh3ko coBna^aiOT no <})a3e. B uenH BcnoMoraTeJibHMX npo- 
boaob tok HMeeT He3Ha*iHTejibHyK) BejiH^HHy. Hepe3 pa6o- 
^JIO H T0pM03Hyi0 OÓMOTKH peJie npOTeKaiOT 3HaHHTeabHbie 
H npH6jIH3HTeJIbHO 0HHH3K0Bbie TOKH. PeJie OÓOHX KOMnJieK- 
TOB npH 9T0M CpaÓaTHBaiOT H 3aMbIKaiOT CBOH K0HT3KTW. 
npH OHHOCTOpOHHeM nHT3HHH CpaÓaTHBaiOT T3KHCe o6a pejie. 
npH 3 tom paóonaa oómotks pejie co CTopoHbí npneMHOH 
ÍI0HCT3HUHH nHTaeTca tokom no BcnoMoraTeJibHbíM npOBO- 
AaM ot btophhhoh oómotkh H3oJiHpyioiuero TpaHC(J)opMaTopa 
JTHTaiOmeH CTOpOHbI. 

BpeMH fleflcTBHa 3amHTu o kojí o oAHoro nepHo- 
M 0,016 ceK.). 

• yBeJIHqeHHe COnpOTHBJíeHHH COeAHHHTCJIbHHX npOBOAOB 
CBbirne onpe^ejieHHOH BejjnnHHhi MoaceT npHBecTH k Hece- 
JieKTHBHOMy fleHCTBHIO 33inHTbI npH CKB03HHX KOpOTKHX 

3aMbiK3HHHx. HaoóopoT, 3HaqHTejibHbie eMKocTH Měněny co- 
eHHHHTejibHbíMH npoBOAaMH npHBOAHT k yMeHbineHHK) nyB- 
CTBHTejIbHOCTH 3aiUHTH. 

OueHKa 3am.HTbi. iÍH^epeHUHajibHaH 3aiuHTa HCB 
HMeeT cjieziyiomHe nojioacHTejibHbie Ka^ecTBa: 

1) npH npaBHJibHOH HacTpoHKe oójianaeT bhcokoh qyB- 
CTBHTeJIbHOCTbK) K OAHO(})a3HHM H MeHC^y4>a3HbIM 3aMblKa- 
HHHM B 3amnmaeMOH 30He, XOTH nyBCTBHTeJIbHOCTb 3amHTH 
npH pasHwx BH^ax noBpe)KAeHHH 0Ka3biBaeTCH Bce ace He- 
OJXHH3KOBOH) 

2) HonycxaeT Hcnojib30BaHHe TpaHc^opMaTopoB tokí 

HOpMajIbHOH KOHCTpyKUHH; 

3) HMeeT Maaoe BpeMH AencTBHa; 

4) He HMeeT 3 ohh KacKanHoro AeftcTBHfl, otkjhom3h jih- 
hhio npn AOCTaTonHOH BejiHHHHe TOKa b MecTe nóBpeacHeHHH, 
Bcerna c Aeyx ctopoh; 

5) flJIH H3JI3HKH H 9KCnJI03TaUHH OTHOCHTeJIbHO npOCTa. 

K HenocTaTKaM 9 toh 3auiHTbi b nepByio o^epeHb otho- 

CHTCH B03M0)KH0CTb HeCeJieKTHBHOrO AeHCTBHH npH OÓpHBe 
BcnoMoraiejibHbix npOBOAOB, Korj[ia pejie MoaceT cpaóoTaTb 

c*ieT HOpMajibHoro Harpy30MHoro TOKa. 

ripn 33MbiKaHHHx MeacAy BcnoMoraTejibHbíMH npoBonaMH 
BCJiejiCTBHe yBejiH^eUHA l mopM h yMeHbuieHHH J pa6 uyBCT- 
BHxejibHocTb 3amHTbi noHHHcaeTca, h npn /? rt ==0 3amHTa 
^encTBOBaTb He MOHieT. 

Rna KOHTpojia coctohhhíi BcnoMoraTejibHbix npoBO^OB, 
-r. e. CHrH3JIH33UHH nOBpe>KHeHHH B HHX H ÓJIOKHpOBKH fleft- 
CTBHH 3amHTU, HeOÓXOHHMbl ^OnOJIHHTeJIbHbie yCTpOHCTBa, 
ynopoiKafouuie h yc jiohchh iomne ee. IlosTOMy, ecjiH sto 
npeHCTaBJíaeTca B03M0>KHbiM, neJiecoo6pa3HO BbiónpaTb tok 
T poraHHíi 3amHTbi óojibine, neM paóo^HH tok. Tor^a ycT- 
pOHCTBa KOHTpOJIH MOHCHO BMnOJIHflTb ynpomeHHUMH C ACH- 
CTBHeM TOJIbKO Ha CHrHaJI. 


15. nonEPEHHbIE ÍW<l>EPEHUHAJlbHbIE 3AIUHTbI 
IlAPAJlJlEJlbHblX JIHHHň 

Tlepe^a^a sjíeKipH^ecKofi aHeprHH noTpeÓH- 
TejiHM no HecKOJibKHM napajiJiejibHbíM jihhhhm' 
HBJíaeTCH o^hhm H3 cnocoĎOB, o6ecnenHBaíouj.HX 
hx čecnepeéoflHoe CHafíHceHne npn BuxoAe oa- 
HOfl JIHHHH H3 paÓOTbl. 
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HanóoAee mHpoKO pacnpocTpaHeHbí ABOflHbie 
napaAJiejibHbie jihhhh. OAHaKO Taxne jihhhh oóbiq- 
ho aejiecoo 6 pa 3 HO npHMeHHTb TOJibKO npn yc^o- 

BHH, nTO npn KOpOTKOM 3 aMbIKaHHH Ha OAHOH 

H 3 jihhhh otkjhohhtch HMeHHO noBpexcAeHHaH, a 
HenoBpeHCAeHHaa ocTaHeTcn b paSoie. napa;i- 
AeAbHbie ahhhh npHMeHHioT n b tom c/iyqae, 
Kor^a nponycKHan cnocoÓHOCTb oaho 0 aenn 
OKa 3 biBaeTCH no moih.hoc.th HeAOjCTaTOHHOň. B 
9 tom CAyqae ABe napajiAejibHbie jihhhh HHorAa 

npHCOeAHHHIOT K CÓOpHUM UIHH 3 M Hepe 3 OAHH 
oóniHfi BUKjnoqaTejib. 

3 aui,HTa napajiJiejibHbix jihhhA MoaceT óbiTb 
BwnojmeHa Ha ocHOBe Tex nce npHHUHnoB, hto 
h a^ih OAHHOHHbix jihhhA. Oahhko b ashhom cjiynae 
mohcho Hcno^b 30 BaTb h Apyrne cnocoóbi. B 3 a- 
bhchmocth ot cxeMu npHcoeAHHeHHH napajijie^ib- 

HblX JIHHHH K UIHH 3 M H yCJIOBHŘ nHT 3 HHH npHMe- 

hhígtch cjieAyiomHe cneanajibHbie ranu AH(|)e- 
peHunajibHbix 3aniHT: 

1) AH(J)epeHAHaAbHaH TOKOBan nonepenHan 3a- 
mHTa; 

2) AHíJjepeHanaAbHaH HanpaBAeHHan nonepeq- 
Han 3anjHTa; 

3 ) Ďa^ancHaH TOKOBan 3 aui,HTa. 

16. flH4>EPEHUHAJIbHA*I TOKOBAH nOílEPEHiHAB 
3AIUHTA 


npH cnoco 6 e npncoeAHHeHHH Asyx napa^Jie^ib- 

HblX JIHHHH K HIHHaM Mepe3 OAHH 06UJ.HÍÍ BUKJIIO- 
HaTeAb, HM6IOU16M paCnpOCTpaHeHHe B KaSeAbHbIX 



^Hr. V, 46. npHHUHnHaJibHaft cxeMa AH(J)epeHUHaJibH j>hí to- 
koboh 3am,HTbi AByx napajuiejibHbix jihhhh. 


ceTHX HanpíDKeHHeM 10 kV h HHace, AH(j)epeHu.H- 
a.ibHaa 3amHTa MoaceT ObiTb ocymecTB^eHa ro - 
CT3TOHHO npoCTO. 

Tax KaK oĎbíHHo a^HHa, MaiepHa^ h ceneHHe 

CABOeHHbIX yaaCTKOB HBaaiOTCfl OAHHaKOBblMH, TO 
H TOKH B HHX npH HOpM3JIbHOM peHCHMe H CKB03- 
HUX, KOpOTKHX 3aMbIK3HHaX AOaHíHbl ĎUTb paBHbí 
Meteny coóoň. 

B TaKOM c/iyaae bmccto npoAoabHoft jin<|>e- 
peHUHaabHoň tokoboA 3amHTbi c čojibiuoň a^h- 
hoA coea.HHHTe^bHbix npoBOAOB MeKziy OTAeab- 
hbimh noACTaHAHaMH MoaceT 0Ka3aTbca AOCTaToa- 
hhm ycTaHOBHTb npocTyio nonepeaHyK) AH$e- 
peHUHaAbHyio TOKOByio 3amHTy. 




npHHmnmajibHaH cxenta TaKoň 3amHTU b oa- no yaaoBHHM 9KcnjioaTaunH Ta hah APyraa 
Ho^iKHeftHOM BbinoJiHeHHH aji a AByx napa^Jie^b- jihhhh MoateT 6uTb BůBeAeHa H3 paĎOTu. Toraa 
HbIX yiHHHH c OAHOCTOpOHHMM HHTaHHeM npHBe- AH(f)epeHUHaAbHaH 3amHTa aOJIXCHa BblBOAHTbCH 
AeHa Ha (Jmr. V, 46. Hcxoah H3 cxeMH coeAHHe- H3 AefiCTBHa,, a ocTaBinaaca b paóoTe ;ihhhh 
HHH BTOpHHHbIX OÓMOTOK TpaHCípOpMaTOpOB TOKa AOJIHCHa 3aiIÍHmaTbCH ApyrOft pe3epBHOÍt 3aiHHTOfl. 
h pevie, 3aiu,HTy 9Ty nacTO Ha3biBaioT AHipepeHUH- B npoTHBHOM cíiynae npH npoxojKAeHHH nepe3 
a^bHoň tokoboS „BocbMepoaaofl" 3ainHToň. pe^e no^Horo btophhhoto Toxa ocTaBineňca b 

H3 4>hi\ V, 46 óieAyeT, hto npn Hopwta^bHOM paSore jihhhh, KOTOpbiň MoaceT OKa3aTbca (aMea 
peacHMe paóoTbi h npw ckbo3hom kopotkom 3a- b BHAy Tanace h BHeuiHHe KopoTKwe 3aMbiKaHHa) 
MbiKaHaa /i =/ii. npaHHMaa 3a noaoacHTeabHoe óoabme Tona TporaHaa 3amHTbi, OHa HeceaeK- 
HanpaBaeHae rona caeBa HanpaBO, no;iyHHM, hto thbho otkaiohht HopMaabHO paĎOTaiomaft ynacTOK. 
aepe3 peae npoxoAHT pa3Hocrb tokob: BbiBeAeHHe 3amHTbi o6uhho ocymecTBaaeTca 

l m j n pa3pbiBOM uena onepaTHBHoro TOKa Ha koht3k- 

i p — ň -• (V, 49) Tax pasTjeaHHHTeaeň (<J)Hr. V, 47). 

npH OAHHaKOBbix n TpaHC<J)opMaTopoB TOKa npHHaan nonepeHHoň AH<J>epeHnHajibHOň 3a- 
9 T a pa3HOCTb B HAea^HOM cayaíe paBHa nyaro. “W™ 0CH0BaH na cpabneHaa tokob b W x na- 
B AeňcTBHTeabHOCTH nepe 3 peae npoTeKaeT He- pa^e.abHbix- vihhhhx. Hcxoah «3 9toto, Heo6xo- 

KOTOpblň Í H e, BeaHHHHa KOTOpOrO 33BHCHT, C ^ HM0 BM6Tb B BHAy, HTO npH BbIÓpaHHOM TOKe 
OAHOfi CTOPOHH, OT tohhocth coBnaASHHH xapaK- TPOraHHH MOHCey npaKTHHeCKH 6bITb wyaaH, KO- 

TepacTHK TpaHc^opMaTopoB TOKa, a c Apyroň r ^ a pa3HOCTb /i — íu Aaxce npn noBpeacAeHHH 
CTopoHbí — ot pa3H0CTH h h ín. b 3amHmaeMoň 30He OKaaceTca MeHbuxe i p . m . H3 

Tokh b kopotkhx KaéejibHHX jihhhhx Aaxce <f>Hr. V,46 c^ie^yeT, HanpaMep, hto eaw Ha yna- 
npH coBepuieHHO OAHHaKOBbix no .zyitrae H cene- CTKe c oahoctopohhhm nHTamieM npoH30ííAeT 
hhk) napaji^e^bHbix BeTBax motvt 3HaHHTe^bHO 3aMbiKaHae b6^h3h npneMHoň noACTaHij[HH, to 
OTJiHHaTbca Apyr ot Apyra, HanpHMep, Bc;ieA- tokh b ahhhhx 6ynyT noaTH oAHHaKOBH. 

CTBae pa3JiHHHbix nepexoAHbix conpoTHB^eHHň b i p 6y a eT B03pacTaTb no Mepe y^a^eHna MecTa 
pa3T>exiHHHTejiax, nacTO ycTaHaB^HBaeMbix Ha Kaac- noBpeHcjxeííHH ot iiihh npneMHOň noflCTaHitaa b 
AOft JIHHHH OTCOeaHHeHHH flIOÓoS 

H3 HHX (cm. TJI. II, §11). 

ip m Acr^aseH BbiĎnpaTbca óo^ibuie Ma- 
KCHMa^IbHOrO 3HaHeHHfl Íh6- 

ip. m == kn Íh6 max » (V,50) 

I\ne k H ^> 1 — K09(J)HUHeH,T HaASHCHOCTH. 

Ec^h noBpeacneHHe npoH30ňneT Ha 
OflHofl H3 3aniHuiaeMbix iaHHHfl (HanpHMep, 
b TOHKe F), to pacnpene^ieHHe tokob 

B JIHHHHX H3MeHHTCH. 



Mepe3 pe^ie npoňAeT tok 
i p — h — ín. 


(V,51) 


4>Hr. V, 47. CxeMa JUicJjepeHUHa.ibHOíi tokoboh 3aui.HTbi napa.i.ieabHbix 
3HHHH c AByXCTOpOHHHM flHTaHHeM. 


npH ip^ip.m pe^é nó^eftcTByet h otk^íióhht 
noBpejKfleHHuft ynacTOK ot hctohhhk 3 nHTaHHH. 
ripn OAHOCTopoHHeM nHTaHHH 3anxHTa, ycTa- 

HOB/ieHH3H CO CTopoHbí HCTOHHHK3 nHTaHHH, 
oĎecneHHBaeT OTK^roneHne ynacTKa npn noBpexc- 
AeHHH b 3amnmaeMoň 30He h noaTOMy Heoóxo- 
AHMOCTb b ycTanoBKe KOMn^eKTa 3anxHTM c npn- 
eMHOň CTopoHbí OTna^aeT. 

npHHu,HnHa^bHoe Bbino^iHeHHe nonepenHOň Atí- 
(JjepeHUHa^bHoft tokoboř 3amHTbi neyx napa^e^b- 

HblX ^HHHfl, CKOMMyTHpOBaHHbIX nOfl OAHH OČUJUŘ 
BbíKTIIOHaTeJlb H HMeiOLU,HX nHT3HHe C AByX CTO- 

poH, npHBe^eHO Ha <J)Hr. V,47. B abhhom c^ynae 
ycTaHaBJíHBaioT yxce ABa KOMn^eKTa 3amnTbi co 
CTopoHbí oóenx noacTaHUHň. 

npH noBpexcneHHH b 3anjHmaeM0ň 30He ^h- 
HHŽ C AByXCTOpOHHHM nHT3HHeM OTK^IOHeHHe 
npOH3BOAHTCH C OÓeHX CTOpOH. 


CTOpOHy HCTOHHHKa nHTaHHH. EcjIH ip > ip, m TO^Ib- 
ko npn nOBpexcAeHHH Ha yaacTKe L — /, a npa 
noBpeasABHHH Ha ynacTKe ljp<C.ip.m, to npn no- 
BpejKAeHHax b npeae^ax Bceň a^ihhu / pe^e He 
CMOHceT noAeňCTBOBaTb. 

MaKCHMa^bHyio A^iHHy 4, b npe^e^ax KOTopoU 
3amHTa He paóoTaeT BC^eACTBHe HeAocTaTOHHoft 
ee HyBCTBHTe^bHOCTH, H33bIBaíOT MepTB0Ž,30- 
Hoň nonepenHoft AH^epeHnaa^bHoň 
TOKOBOň 3 a m H T bl. 

npHHHTO CHHT3Tb, HTO ‘SauIHTa nO HyBCTBH- 
Te^ibHOCTH yAOB^ieTBopaeT npeAT^HBJíeHHbíM k Heft 
Tpe60B3HHHM B TOM C/iyHae, eCJIH BejIHHMHa 9TOň 
MepTBÓfl 30HbI He npeBOCXOAHT — 10% OT A^IHHH 
3aniHmaeMoro ynaCTKa. )XJiHHa MepTBOft 30Hbi 
MopKeT 6biTb onpeAeAeHa KaK ppa^HnecKHM, TaK 
H 3HajIHTHHeCKHM CnOCOĎOM. 

B COOTBeTCTBHH C (J)Kr. V,48 AJlHHa MepTBOň 
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30HU 3aiUHTH, yCTaHOBAeHHOfi CO CTOpOHM IIH- 
Taiomefl noACTaHUHH, o6o3HaqeHa qepe3 l' x , co 
CTopoHU npHeMHOň noiíCTaHUHH nepe3 l" x . 06maa 
a^iHHa yqacTKa npeAnoAaraeTC?! paBHOfl L. Co- 
npoTHiwieHHH napa^e^ifaHHx ahhhh npHHHMaioTCH 
paBHMMH. Tok KopoTKoro 3aMbiKaHHH 4, npoTe- 
KaromHfi qepe3 MecTO noBpeacaeHHH, H63aBHCHMO 
ot pacno^oaceHHH nocAeAHero, npHHHMaeTCfl He- 
H3M6HHUM. 3a paCqeTHblft AAH npOCTOTbl npHHHT 
CAyqafi OAHOCTopoHHero nHTaHHH, KaK HaHMeHee 
Ď^aronpHHTHMň c tohkh 3peHHH qyBCTBHTeAbHO- 
cth 3amHTH (k MecTy noBpejKAeHHH noATexaeT 
MeHbniHft tokJ. 

HeOĎXOAHMO OTMeTHTb, HTO B HeKOTOpbIX 
cjiyqaHX TaKoň penoíM, KaK MaAOBepoHTHbiň, npa 



<t>Hr. V, 48. rpa^HiecKoe onpeaejieHHe MepTBoft 3 qhu jm- 
4epeHu,HajibHOH tokoboh 3amiiTbi. 

onpeAe^eHHH 'MepTBOň 30 Hbi MoaceT He yqHTbi- 
B3TbCH. 

B CAyqae MexcAy4)a3HOro 3aMMKaHHH, Hanpn- 
Mep, Ha JIHHHH 1 Ha paCCTOHHHH l' x OT UIHH npH- 
eMHofl noACTaHUHH, HHaqe roBops^ Ha rpaHHqe 
MepTBOfl 30 Hbi samHTbi nHTaioineň noACTaHmw, 
noAHbifl tok b MecTe noBpeasAeHHH paBeH 

L-h + in. (V,52) 

naACHHe HanpaaíeHHH b o 6 enx BeTBax npH 

3 TOM OAHH 3 KOBO, T. e. 

(£ + //). (V,53) 


HbIX TOKOB 


OTKy^a 


BeTBeft corviacHO (V,54) 

h-iu= l ±r K , 


h (V,55) 
(V,56) 

(V,57) 


CAe^yeT OTMeTHTb, hto TaKoe ace Bbipaace- 
Hne a -43 ip no^ynaeTca h npH HajiHHHH AByxero- 
poHHero nHTaHHH. 

ripHHHMaa bo BHHMaHne, hto Há rpaHHqe MepT- 
BOfl 30 HbI ip = ip. m , MOKHO H 3 (V,57) nOAyqHTb 

L’= Ie JS/Zs- .l. (V,58) 

B nponeHTax no OTHomeHHK) k oóineft A-anHe 

AHHHH i 

V x % = - p - m . nm • 100. (V,59) 

i K 


PaccMaTpHBaa noBpexcAeHHe Ha npoTHBono- 
aohchom KOHqe ynaCTKa, Ha paccTOHHHH l" x ot 
hihh nHTaiomefi noACTaHUHH (|>Hr. V,48), HeTpyA- 
ho noAynHTb, hcxoah H 3 Tex we paccyjKAeHHň, 
BHpaaceHHe MepTBOfi 30Hbi l” x ajih 3amHTbi npn- 
eMHoro KOHqa. 

Tok b peAe b a 3 hhom aiyqae 


2 —= 


l"xh 

Ln m 


rio^araa ^ 




l p.m’tl m 

4 


(V,60) 


(V,61) 


HTO 


H3 conocTaBAeHHH (V,58) h (V,61) CAeAyeT, 

(V,62) 


V —l" —/ 

1 X 1 X * X* 


t. e. Be^iH^HHbí MepTBoň 3 ohm npn yneTe npHHH- 
Tbix AonymeHHň Ha o 6 ohx KOHuax 3amnmaeMoro 
ynacTKa OAHHaKOBbi. 

Fpa^HMecKHH cnocoó onpeAejieHHH MepTBOH 30Hbi 
npHBCA^H Ha 4> Hr * V,486, rAe no och aócuncc oTJioaceHbí 

paccTOHHHH AO MeCTa KOpOTKOrO 3aMbIK3HHH OT OÓOHX KOHUOB 
CABOeHHOH JIHHHH. Ilo OCH OpAHHaT OTJIOKCHbl nepBHHHbltí 
tokh, ripHMan íp.m, napaajiejibHaH och aócuncc, cooTBeTCT* 
ByeT BbiópaHHOMy Tony TporaHHH peae (Ip. m = ip.m n m ). 
HaKJioHHbie npHMbie h h hi npeAciaBJíHioT tokh b bct- 

BHX / H // H npHMbie I’p H l" p — TOKH B peae AH(j)epeHUH- 

aabHbix 3amHT, ycTaHOBJíeHHbix co ctopohm nHTaiomeH h 
, npneMHOH noACTaHUHH. 

nei eceHeHHio npnMbix V p h l" p c npHMOH l p . m coot- 
BeTCTByIOT Ha OCH aÓCHHCC OTpe3KH V x H l" x> paBHbie AJIH- 
HaM MepTBbix 3 oh, b npeAeJiax Koropux 3amnTbi He Aeň- 
CTByiOT. 


H3 (V,52) h (V,53) Haxo^HM tokh b OTAejib- 

HblX BeTBHX 


h L+r x 

1 K - 2 L 
4i L—V x 
4 ~ 2Z. 


(V,54) 
(V,55) 


Tok b pe^ie 3am,HTbi nHTaioui,ea noACTaHUHH 
coraacHO 4> Hr * V,48 —— — . Pa3HOCTb nepBHq- 

n m n m 
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Mtoďh oSecneqaTb OTKAioqeHHe 3amnmaeMO- 
ro yqacTKa npH BbiBeASHHH h 3 paóora oahoA H 3 
napa^AeAbHbix ahhhíí npH noBpe>KAeHHH b npe- 
Ae^ax MepTBoň 30 hh, npH bhcuihhx 3 asibiKaHHHX, 
ecAH He pačOTaeT ocHOBnaH 3 amaTa cooTBeT- 
CTByromHX a^eMeHTOB, npn 3 aMbiKaHHH Ha niHHax, 
ecAH Her cneqHaAbHOň 3 amHTbi hihh, h npn 
HeAonycTHMHx neperpy 3 Kax, hco 6 xoahmo HMeTb 
aah napaAAeAbHbix ahhhě euj,e AonoAHHTeAbHyio 
3 aui,HTy. 



Ha c|)Hr. V ,49 b KáaecTBe AonoAHHTeAbHoň 
3 ainHTbi Ha ošmeM bhboac HenocpeACTBeHHo 
3 a BHK^iioHaTejieM ycTaHOBAeHa MaKCHMaAbHaa 
TOKOBaa 3 aiUHTa C 33 BHCHMOň xapaKTepHCTHKoň 
BpeMCHH a.eňcTBHa. Tanu AonoAHHTeAbHbix 3 amHT 
B 33 BHCHMOCTH OT THna H KOH(f)HrypaU,HH CeTH 
MOryT H 3 MeHHTbCa. 

flOCTOHHCTBOM AH^epeHUHajlbHOfl TOKOBOfl 

3amHTbi aBaaeTca ee npocTOTa h ÓMCTpoTa 
^eftcTBHa. K HeaocTaTKaM HeoóxoAHMO b nepByio 
onepe^b OTHecTH Ha-zrnane MepTBOň 30 hu h Heo6- 
XOAHMOCTb AOnOAHHTeAbHOfl 3ailIHTbI, HTO B 3Ha- 


ocymecTB^eHbí cxeMbi c npHM6H3HHeM pejie c 

T0pM03HbIMH OĎMOTKaMH; npH 3TOM qyBCTBHTeJIb- 
HOCTb 3am,HTbI nOBblUiaeTCH. 

17 . flH^EPEHUHAJlbHAÍI HATlPABJIEHHAfl IIOÍ 1 EPE 4 - 
HAH 3 AIUHTA 

Ecah ABe napaAAeAbHue ahhhh npacoeAHHeHbí 
k niHHaM c o 6 ohx kohuob aepe3 OTae^bHue 
BUKAioqaTeAH, to 3amHTHTb hx nonepeaHOfl 
AH(J)epeHI)lHaAbHOfl TOKOBOfl 3 amHT 0 ň H6BO3M0JKH0. 

3xa 3amaTa npH noBpeacAeHHH b 3amHmaeMOfl 



4>Hr. V, 49. CxeMa aonojiHHTeJibHofl 4>Hr. V, 50. ripHauHnHajibHan cX3Ma 
3amHTW. AH^iepeHUHajibMofl HanpaBJíeHHoň 3 a- 

marbi napaaaeabin.ix .ihhhíí. 



3amntbi napaaaeabHbix jihhhB. 


qHTeAbHoft Mepe yčAOHCHaeT h yAopoacaeT 3amHT- 
Hoe ycTpoflCTBO. KpoMe. Toro caeAyeT^pTMeTHTb, 
hto nonepeaHaa AH^epeHHHaAbHaa TOKOBaa 3amH- 
Ta npuMeHHMa TOAbKO k ABysi napaAJieAbHMM 
jiHHHaM, npHCoeAHHeHHbíM k niHHaM aepe3 oahh 
o6mnň BbiKAioqaTeAb h kotas HMneAaHCbi 

KajKAOfl H 3 AHHHft M 8 JIO OTAHMaiOTCa Apyr OT 
Jipyra. 

HonepenHaa AH^epeHimaAbHaa TOKOBaa 3a- 
mHTa npHMeHaeTca b KaóeAbHbix ceTax ot mho- 
ro<|>a 3 Hbix 3 awtbiKaHHfl. 

B KOAbuoBaHHbix ceTax hah paAnaAbHbix ce¬ 
Tax C HeCKOAbKHMH HCTOHHHK 3 MH IlHTaHHa OHa 
oéecneaHBaeT ceaeKTHBHoe oTKAioqeHHe TOAbKO 
napaAAeAbHbix ahhhA noBpeacAeHHoro yiacTKa. 
Ha paAHaAbHbix AHHHax c oahoctopohhhm nHTa- 
íHHeM ($ht. V, 49 ) OHa ydTaHaBAHBaeTca ToabKO 
b KaaecTBe BcnoMoraTejibHofl 3 amHTU, ycKopaio- 
mefl OTKAioqeHHe noBpeacAeHHfl, b tom CAyaae 
■eCAH BpeMa asActbhk ochobhoA 3 amHTU (HanpH- 
:Mep, MaKCHMaAbHOň TOKOBOfl) HeAOnyCTHMO Be- 
jihko, TOKOBaa OTceaKa He npoxoAHT h npHMe- 
aeHHe AacJiepeHAHaAbHOft 3 amHTbi mojkct noBbi- 
CHTb HaAeacHOCTb paĎOTbi noTpeĎHTeAeft, npn 
nocaAKax HanpaaceHHa, wih yMeHbuiHTb ceaeHHe 
•/ihhhA 3 a caeT coKpameHna TepMHaecKoro abA- 
CTBH 3 TOKa KOpOTKOTO 3 aMblKaHHa. 

n P H paCCMOTpeHHH npHHAH IHiaAbHblX exeM 
AH(|>epeHUHa./IbHOA TOKOBOfl 3 amHTM napaAAejib- 
Hbix ahhhA npeAnoAaraAOCb npuMeHeHne npocTbix 
MaKCHMaAbHbix TOKOBbix peAe. MoryT SbiTb TaKjse 


30 He 6yAeT OTKAionaTb OAHOBpeMeHHO o6e m- 
hhh, TaK KaK OHa He cnocoČHa pa3AnaaTb, Ha 
KOTOpofl H 3 hhx npoH 30 uiAO noBpeacAeHHe. 

npH nóBpeacAeHHH Ha oahoA H3 AByx napaa- 
AeAbHbix ahhhA b paccMaTpHBaeMOM c./iyqae Tpe- 
óyeTca, HTOóbi 3 amHTa OTKAroaaAa TOAbKO no- 
BpeiKAeHHyio ahhhio. B KaaecTBe Tanofl npHMeHH- 
eTca TaK Ha 3 biBaeMaa nonepeaHaa AHíJiepeHUHa^b- 
Haa HanpaBAéHHaa 3 amHTa. 

3amnTa 9Ta aacTO coctoht H3 AByx oahh3KO- 
BblX KOMIlAeKTOB, yCT3HOBAeHHbIX CO CTOpOHU 
nHTaiomeň h co CTopoHbí npneMHOfl noACTaHUHft. 

npHHUHnnaAbHaa cxeMa oahoto KOxinAeKTa b 
0AH04>a3H0M BbinoAHeHHH iipeACTaBaeHa Ha 
V, 50 . Oh3 coctoht H 3 nycKOBOro opraHa, Hanpn- 
Mep, pe^e MaKCHMajibHoro TOKa 1 h pe^e Ha- 
npaBAeHHa moxuhocth 2. ToKOBbie oómotkh peae 
1 h 2 npHKAJoqeHM k TpaHC(|)opMaTOpaM TOKa, 
COeAHHeHHHM Ha pa 3 HOCTb TOKOB OAHOHMeHHbIX 
4 >a 3 AByx AHHHfl HAH, KaK H 3 CTO Ha 3 bIBaiOT „BOCb- 
MepKofl". Tok b pe^ie, KaK h' aah nonepeaHoft 
TOKOBOfl 3am,HTbI, 

ip—h — íii. 

HanpaaceHHe k pe^ie 2 hoaboahtch ot TpaHC- 
<t»opMaTopa HanpHHceHHH uihh noACTaHUHft, na 
KOTOpofl yCT3HOBAeH AaHHUfl KOMnaSKT 3a- 
mHTbi. 

Peji.e HanpaBaeHHa mouihocth HMeeT AByx- 
CTopoHHee AeflCTBHe. Ilpa HopMaabHOM peacHMe 
KOHTaKTbi nycKOBOro pe^e pa30MKHyTu, 3amHTa 
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b aeficTBHe ne npHXOAHT. Ilpn 33MuKaHnH Ha 
oflHofl H3 jihhhh nepe3 oÓMOTKy pene 1 H TOKO- 
Byio oĎMOTKy pe.ne 2 npoft.neT reoMeTpHHeocaa 
pa3HQCTb TOKOB .flHHHfi / H II. 

Pěně 1 noaeficTByeT h 33MKHeT cboh koht3ktu. 
npH H3.AHHHH OCTaTOHHOrO HanpHJKeHHH U Ha 
iiiHHax pene 2 TaKace cpaóoTaeT. Pene 2 bkaio- 

HeHO T3K, HTO nOABHJKHblfi KOHT3KT npH 9TOM 
0TKJI0HHTC3 B CTOpOHy HenOABHJKHOrO KOHT3KT3, 

OTHOcameroca k noBpeacneHHoft .ahhhh. nmoc nenn 
onepaTHBHoro toks nepe3 SnoK-KOHTaKTH bh- 
K/nosaTe^efl h 3aMKHyTbie KOHTaKTbi pene / h 2 
SyneT nonaH Ha OTK-monaiomyio KaTyniKy bh- 
laioaaTe^a h noBpexcaeHHaa ^hhkh otk.aiohhtch. 



c t > itr. V, 52. KacKaAHoe aeftcTBHe 3 am.HTbi. 


Ha bmkjim. 



4>«r. V, 53. CxeMa BOJibiaMnepHoro nycnoBoro opraHa. 

npH. OTK^ioHeHHH oflHoft H3 napa.n,fle.flbHHx 
-flHHHfi 3amHTa aBTOMaTHHecKH b&ibo,zi;htch H3 
aeftCTBHH nyTeM pa3pbiBa ueflH oTKflioHeHHH Ha 
yxasaHHbix ójiOK-KOHTaKTax BbiK^roaaTe^efi. 

BjioKHpoBKa 3amHTbi HMeeT ue^bio npenoT- 
BpaTHTb Hece^ieKTHBHoe OTK.nioHeHHe ocTaBuiefica 
B paÓOTe -flHHHH B MOMeHT, HanpHMep, CKB03H0r0 
KopoTKoro 3aMbiKaHHa, Korná tok b pene 1 mo- 
xceT OKa3aTbca óo^biue Toxa TporaHHa. Ilpn Ha- 
jihhhh óaokhpobkh nycKOBOň opraH nOflefiCTByeT 
h pene 2 cpaóoTaeT Ha 3aMbiKaHHe koht3ktob, 
ho HenoBpexcAeHHaa -ahhhh He otioiiohhtch 
BCJ ie^CTBHe pa3pbiBa uenH onepaTHBHoro Toxa. 

B^OKHpoBKa npeAOTBpamaeT TaKace Henpa- 
BHabHOe AeňCTBHe 3aiII,HTU npH KaCKBAHOM OT- 
KJiroaeHHH noBpeacfleHHH (cm. HHace). 

Ha (J)Hr. V,50 SnoKHpoBKa ocymecTBaeHa TaK, 
hto uenb nocTOHHHoro TOKa npoxonHT nocneno- 
BaTeabHO Hepe3 6.flOK-KOHTaKTU OÓOHX BHK.MO- 
HaTeneft. 

Bo 3 mo*ho h HHoe BbinoJiHeHne ójiokhpobkh (<}>Hr. 
V,51), B KOTOpOM nOCTOflHHblft TOK JIJIH AeHCTBHfl OflKOTO 
H 3 BbiKJHoqdTeaeíi noaaeTCH qepe 3 CaoK-KOHTaKTH bmkjiio- 
qaTeJid napa.uicabHoti jihhhh. Oah 3 ko nocJie/uiHH cnocoó 
He HMeeT mnpoKoro npHMeHeHus. 
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ílycKOBOft opraH. rionaraa annHy, ceneHHe h 
MaTepHa^ npOBOHOB -flHHHfi / H // OnHHaKOBHMH, 
t. e. HMnenaHCH hx paBHbíMH, mojkho CHHTaTb 
pacnpeneaeHHe tokob no .ahhhhm npa nopMa^bHOM 
peacHMe h BHeniHeM 3aMbiKaHHH paBHOMepHbíM. 

B TaKOM CJiyaae i p óyaer He3HaHHTe.neH h paBeH 
Í H 6. O^HaKO pe^e 2, K 333KHM3M KOTOpOrO npH 
HopMa^ibHOM pexciíMe h BHemHeM yna-neHHOM no- 
BpeacAeHHH nonBonHTca nocTaTOHHO óoflbinoe Ha- 
npaHceHHe, non bjihhhhcm mohihocth Heóa^aHca 

MOaceT 33MKHyTb CBOH KOHT3KTH. Hto6u npH 
9 tom He npoH3om.no Hece^ieKTHBHoro neftcTBHa 
3autHTbi, HeoóxoflHMO ip, m nycnoBoro pe^ie 1 ycTa- 
HaBJíHBaTb óo^bme MaxcHMa^bHoro í H s npH ckbo 3- 
HOM KOpOTKOM 3aMbIK3HHH. 



4>Kr. V, 54. CxeMa"c 0AH0(})a3HHMH peae HanpaBaeHHa moui- 

hocth. 

o L 

KpoMe Toroip.m pe^e / ao^aceH SbiTb TaKace 
óo^bme MaKCHMajibHoro TOKa Harpy3KH jihhhh. Bbi- 
3biBaeTca 9 to HeoSxoAHMocTbio H36excaTb Henpa- 
BHJIbHOrO AeňCTBHH 3amHTbI npH OTKJIJOHeHHH OA- 
Horo H3 BbiK.woHaTe.nefi. /teňcTBHTe^bHo,. ec^H Ha 
KOHne OAHoň H3 aHHHň 6y^eT OTK^uoneH BbiKaioqa- 
Te^b, HanpHMep, BHK.nioHaTe.flb 4 4wr. V, 52, b to 
BpeMa KaK Ha apyroM KOHne BUK^ronaTe^b 2 ocTa- 
eTca eme bo bk^hohckhom coctohhhh (hto npaKTH- 
HtíCKH MOHCeT ÓUTb npH OTKflIOHeHHH ^IHHHH BpyH- 
Hyio), to nepe3 oÓMOTKy nycnoBoro pe^e KOMnneK- 
Ta 3ain,HTu Ha npoTHBono^oacHOM Komie npoftaeT 
paÓOHHň TOK JIHHHH. ECflH npH 3T0M Í p . m nyCKOBOTO 
pene MeHbme h^h paBeH paSoneMy Toxy ^hhhh, to 
pe^e MOHceT npnfiTH b iieficTBHe h npn HanpaBaeHHH 
MOmHOCTH OT HIHH nOACTaHUHH OTKJIIOHHTb H BTO- 
pyio JIHHHK) BblK^IOHaTeJieM 1. 

Hcxofla H3 9thx yc^OBHň, i p , m nycROBoro pe^ie 
BbidnpaiOT, KaK h b MaKCHMa-flbHOfi TOKOBoň 3amn- 
Te, óojibme paóonero TOKa ^íhhhh. Tanoft i p . m ot- 
BenaeT h nepBOMy ycnoBHio, TaK KaK oóuhho 

Íh6 max < C ípaS inax* , 

npH yBe^IHHeHHH ip. m B03paCTaeT B03M0HCH0CTb 
0TKa3a b AeňCTBHH nyCKOBoro opraHa. npn no- 
BpeHcaeHHH b HenocpeACTBeHHQfi 6^h30Cth ot luhh, 
HanpHMep, 6jih3 npHeMHOň noACTaHHHH (<J)Hr. V,52) 
TOKH B .flHHHHX MaflO OT^IHHaiOTCH OAHH OT ApyrOTO, 
i p KOMnneKTa 3amHTbi npoTHBononOHCHOň no^CTaH- 
uhh (nHTaiomefi) MoxceT 0Ka3aTbca MeHbme i p . m k 


3 amnTa He noaeficTByeT. 3amHTaHce, yaraHOBaeH- 
Haa y Mecra noBpeHcaeHHa, rae nepe3 peae 
npoxojHT ABOňHoň tok, npHAeT b aeflcTBHe H 
otk^iomht noBpeacaeHHyio jihhhio, ho ToabKo co 
CBoeň cTopoHbí, Toi<opacnpe;ieaeHHe b anmiax 
npn 9T0M H3MeHHTca h 3auiHTa Ha nHTaiouieft 
CTOpoHe TaioKe npHneT b AeiícTBHe. Tanoe nocae- 
AOBaTe^bHoe Han, k3k ero H33biBaiOT, KacKaa- 
Hoe A.eňCTBHe 3auiHT, xoth h ofíecnenHBaeT 
omaioáeHHe noBpeacAeHHoro ynacTKa, ho npHBO- 
AHT K yBe^HHeHHIO (npHMepHO y^BOeHHK)) BpeMeHis. 

OTKjHoaeHHa, hto ecTecTBeHHO HeHceaaTeabHO. 

Buiue óbiao OTMeaeHO, hto noAKaroHeHne neneň 
nocTOHHHoro TOKa 3amHTbi nepe3 6hok- KOHTaKTbi 
Ha Baaax BHKaioHaTeaeíi cayacHT Tanace naa npea,- 
OTBpameHHa ee HeceaeKTHBHoro neňCTBHa npn 
KaCKaAHOM OTKaiOHeHHH nOBpeHCaeHHH. B‘ 9TOM 
caynae nocae OTKaiOHeHHH BbiKnioHaTeaH nOBpenc- 
aeHHOft jihhhh, b nepByio onepenb TOAbKO c oahoA 
CTOpOHbl, KOMnAeKT 3amHTbI 9TOfl CTOpOHbl MOHCeT 
OpHeHTHpOB3TbCH Ha OTKAIOHeHHe BblKAIOHaTeAH 
HenoBpeacAeHHOft ahhhh, nepe3 KOTopyio npoTer 
KaeT CKB03H0ft TOK KOpOTKOTO 33MbIKaHHá. 

B iieaax yMeHbmeHHH BeauHHHbí MepTBOft 30 hh 
nycKOB.oro opraHa npHMeHaioT b HeKOTopwx cay- 
naax B3aM€H tokoboto peae —peae MHHHMaabHoro 
HanpaateHHH c tokoboA 6aokhpobko 8. Bo3MOHCHoe 
coaeTaHHe pene b stom caynae noKa3aHo Ha 
4)Hr. V, 53. 

OnepaTHBHbiň tok npoxouHT nocaeAOBaTeabHO 
aepe3 KOHTaKTbi peae MHHHMaabHoro HanpaaceHHa 
h MaKCHMajibHoro TOKOBOro peae. ToKOBaa ďaqkh- 
poBKa ynoŤpeĎJiaeTCa 3aTeM, htoďm yerpaHHTb 
B03M0HCH0CTb AefiCTBHH 3aiH,HTbI OT Í H 6 npH 3a- 
MUKaHHax bhb 3auiHmaeM0fi 3ohh, coupÓBOHcnae- 
Mbix 3HaaHTe^bHbiM CHHHceHneM HanpaxceHHa. npn 
HeOAHOBpeMeHHOM OTKAIOHeHHH BblKAIOHaTeAeft 6a- 
HOfl H3 AHHHft OnaCHOCTb HeCeaeKTHBHOrO OTKAIO- 
aeHHH BTopoň ahhhh b aaHHOM caynae OTnaaaeT, 
TaK KaK HanpaaceHHe Ha peae ěyaeT čoAbiue 
HanpaaceHHH TporaHHa. I"Io9TOMy i p . m tokobhx peae 
BbióHpaeTCa óoabiue MaKCHMaabHoro i„6, ho MeHb- 
me í„om (nopaaKa 40,-*-80% i H0M ). HanpaaceHHe 
TporaHHa peae MHHHMaabHoro HanpaxceHHa bmóh- 
paeTca MeHbrne MHHHMaabHoro pa6onero Hanpa- 

, . u oa6 muh 

fcceHna UpaúMUH c yaeTOM k e , t .e.u p . m =-|—^—• 

ripHMeHeHHe peae MHHHMaabHoro HanpaxceHHa 
b KanecTBe nycKOBoro opraHa no3BoaaeT CHH3HTb 
BeaHHHHy ero MepTBOň 30Hbi, He ycTpaHaa Bce 
xce ee HaaHHHa. BeaHHHHa MepTBofl 30Hbi toko- 
Boro nycKOBoro opraHa h nycKOBoro opraHa mhhh- 
MaabHoro HanpaxceHHa c tokoboS čaoKHpoBKofi 
onpeae^iaeTca TeM xce cnocočoM, hto h MepTBaa 
30Ha tokoboů aH^epeHUHaabHoft 3amHTbi. 

Heo6xoa«MO Tanace OTMeTHTb, hto B3aHMoaeň- 
CTBHe peae HanpaaceHHa h TOKa ocyniecTBaaeTCH 
oĎbíHHO Ha npaKTHKe čoaee caoacHbíM o6pa30M 
(cm., HanpHMep, (J)Hr. V, 54). 


IlpHMeHeHHe pe^e MHHHMaabHoro HMneaaHca 
(cm. ra. IV, § 13 ) b KaaecTBe nycKOBoro opraHa 
b aaHHOM cayaae Heue^iecoo 6 pa 3 HO. npn noBpe*- 
aeHHH 6 jih3 iuhh npoTHBonojioacHofl noacTaimHH 
tok b an4)epeHHHa^bHO bkjhohchhom peae tsan, 
u p 

a HMneaaHC z p = -r- bcjihk, h 3aui,HTa qj<a3biBaeTca 

MeHee ayBCTBHTe^bHOů, aeM 3amHTa c nycKOBbiw 
opraHOM MHHHMajibHoro HanpaaceHHa. 

OpraH HanpaBJíeHHH mouihocth. Ha 4>ur. V, 50 
npHBeaeH BapnaHT Haaóojiee npocToro BbinoJiHe- 
hhh 3auiHTbi c peae Hanp.aBJíeHHH moihhocth asyx- 
CTopoHHero aeflcTBHa. 



4>ar. V, 55. BeKTOpHHe juiarpaMMbi tokob h HanpaaceHHft hs 
3aacuMax peae HanpaBaeHHS sneprHH. 

hhmh peae HanpaBJíeHHH mohíhocth oaHocTopoH- 
Hero aeflcTBHa. Kaacaoe H3 Tpex peae, ycTaHOB- 
jieHHbix Ha oaHofl H3 jihhhů (6 peae Ha oaHy cxeMy 
3amHTH), aeflCTByeT ToabKO Ha cboů BHKjnoaaTeab. 

/leflCTBHe peae HanpaBaeHHa npn noBpeacae- 
HHHX Ha pa3aHHHHX aHHHHX MOHCHO yCT3HOBHTb, 
noab3yacb npHHUHnHaabhoň cxeMofl h BeKTopHHMH 
AnarpaMMaMH 4> Hr * V, 55. Jim npocTOTbi paccyac- 
AeHHft b cxeMe npHHHTbi peae c aByxcTopoHHHM 
AefiCTBneM, pearapyiomne Ha aKTHBHyio MomHOCTb 
h BKaioaeHHbie Ha tok h HanpaaceHHe oaHOHMeH- 
Hoň 4>a3H. 

yHHTMBaa, hto i p — h — řn, npnHHMaa 3a no- 
aoacHTeabHbie HanpaBaeHHa tokob no $Hr. V, 55a„ 
t. e. HanpaBaeHHa ot ihhh, h noaaraa n m TpaHC- 
4>OpMaTOpOB TOKa paBHHM eAHHHU,e, MOHCHO nOCT- 
poHTb BeKTopHbie a.HarpaMMbi h HanncaTb Bbipa- 
HceHHa a.aa mouihocth Ha 3ancHMax peae nniaiomeň 

H npHeMHOfl CTOpOHbl. 

npn noCTpoeHHH nnarpaMMbi npHHHTO, hto 
MO uiHOCTb Ha 33HCHMax peae npn aroóoM noBpeac- 
AeHHH HOCT3TOHHa AJIH erO AefiCTBHH. 
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HpH 33MHK3HHH H3 AHHHH / (<t)Hr. V, 55 s) TOK 
b Heft npeBbiraseT tok b ahhhh II. 

BeKT0pH33 flH3rp3MM3 TOKOB H HanpHHCeHHň H3 
33HCHM3X peAe HanpaBAeHHH, yCT3HOB^eHHOrO c 
nHTaromeň CTopoHbí, noKa 3 aHa Ha (Jmr. V, 556. 
TaK KaK TOKU B nepBHHHbIX OÓMOTKaX TpaHC4)op- 
MaTopoB TOKa o6enx JiHHnň HanpaBAeHH ot ihhh 
h coBnaaaroT c npnHHTbiM nOAOHCHTeAbHbíM Han- 
paB;ieHHeM, to Ha AnarpaMMe 06a ohh h oTAoaceHbí 
b OflHy CTopoHy. Tok b peAe HanpaBAeHHH Han- 
paB^eH Taxace b noAOHCHTeAbHyro CTopoHy h otcts- 
€t ot HanpujKeHHH Ha yroA <f p = <p«. 

MoipHocTb Ha 3aMCHMax peAe 

P p = u p i p cos <f p =u p ip cos <f K • (V, 64) 

BeKTopHaa AHarpaMMa tokob h Hanpaace- 
hh8 juiíi peAe npaeMHoň ctopohu noKa3aHa Ha 
4>hi\ V, 55 b. Tok 4 b nepBHHHofl oďmotkc TpaHC- 
'JopMaTopa TOKa HMeeT očpaTHoe HanpaBAeHHe 
.HO OTHOIUGHHK) K npHH3T0My nOAOHCHTeAbHOMy 
HanpaBaeHHio h noTOMy OTAoaceH b CTopoHy, 
:npoTHBOnoAO)KHyro h . 

OnpeAeJieHHuft no (V, 63) tok b peAe noAoacH- 
Te^ieH. 

Xotb no Be^HaHHe P p npneMHOň CTopoHbí 
mojkgt OTaHaaTtcH ot P p Ha nHTaromeň CTopoHe, 
ho BHpaateHHe aah Hee coxpaHaeT tot a<e bha 
(V, 64), hto h aah nHTaromeň CTopoHbí. 

TaKHM o6pa30M peAe nHTaromeň h npHeMHOň 
CTopoHbí npH noBpeacfleHHH Ha ahhhh / AefiCTBy- 
ÍOT Ha 3 aMbIKaHHe KOHTaKTOB OAHOň h toů ace 
CTOpOHbl H, CAeAOBaTeAbHO, npH COOTBeTCTByiO- 
meM noflKaioHeHHH oóecnenaT AByxcTopoHHee ot- 
KJiKjaeHHe TOAbKO noBpeacAeHHOfi ahhhh. 

ripH 3aMbIK3HHH Ha AHHHH II TOK h C nHTaiO- 
meň CTopoHbí 6y.neT MeHbme TOKa h i. IloaTOMy 
ip, . OĎyCATOBAeHHblfl HX p33HOCTbK) (<f)Hr. V, 55r), 
c^BHHyT ot cBoero no^OHCHTe^bHoro HanpaBAe- 
hhh Ha 180°, a ot HanpaHceHHH u p Ha yroA 
tp = (180 + cp ;í ). noaTOMy jma peAe, ycraHOBAeH- 
HOro c nHTaromeň CTopoHbí, npH 3aMbiKaHHH Ha 
ahhhh II : 

P —Upip cos (180 + ^ k ) =s — Upip cos cp«. (V, 65) 

BeKTopHaa AHarpaMMa tokob h HanpaaceHHň 
aah peAe npHeMHOň CTopoHbí npeACTaBAeHa Ha 
(JlHr. V, 55^. B COOTBeTCTBHH c BeKTOpHOň 
AHarpaMMOň P p c npneMHoň CTopoHbí MoaceT ěbiTb 
BHpaaceHa ypaBHeHneM (V, 65^. H3MeHeHHe 3Ha- 
Ka MomHOCTH b aeM yKa3HBaeT Ha HSMeHeHHe 
HanpaBAeHHH M ep noABHjKHoň CHCTeMbi peAe. 
BAaroAapa 9T0My peAe nHTaromeň h npneMHOů 
CTopOHH b ahhhom CAynae npn oahom h tom ace 
HanpaBAeHHH M ep 3aMbiKaroT koht3kth oahoů h 
T oň )Ke CTOpOHH, HO yace npOTHBOnOAOHÍHOfl no 
cpaBHeHuro c TeM, hto 6hao npn noBpeacAeHHH 
Ha AHHHH /. 

CAeAOBaTeAbHO, b ashhom CAyaae npoH30ňAeT 
AByxCTopoHHee OTKAronemie TOAbKO ahhhh II. 

npn H3AHHHH b cxeMe 0AH0(|)a3HHx peAe 
HanpaBAeHHH MomHOCTH c OAHOCTOpOHHHM Aefi- 
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CTBHeM HeoOxo^HMO k peAe ahhhh II nHTaromeň 
h npneMHOň CTopoHbí nOABecTH HanpaaceHHé, no 
<pa3e o6paTHoe HanpaHíeHHio, noABeAeHHOMy k 
peAe ahhhh I. TorAa peAe ahhhh II 6yAyT Aefl- 
CTBOBaTb Ha 3aMbiKaHHe KOHTaKTOB npn noBpeac- 
AeHHH TOAbKO Ha AHHHH II H Ha pa3MbIKaHHe 
KOHTaKTOB npn noBpeacAeHHH Ha AHHHH I. 

TaKHM o6pa30M AH^epeHnnaAbHaa HanpaB- 
AeHHaa 3am,HTa npa noBpeacAeHHH b 3amHmae- 
MOň 30He AefiCTBHTeAbHO n03B0AaeT He TOAbKO 
yCT3HOBHTb B03HHKH0BeHHe nOBpeatAeHHH, HO H 

BuópaTb noBpeacAeHHyro ahhhio. 

B neAax oĎecneaeHHa npaBHAbHoro. BHĎopa 
noBpeacAeHHOro yaacTKa h BbicoKOfi ayBCTBHTeAb- 
hocth 3am«Tbi npn noBpeacAeHHax b 3amHmaeMoň 
30He peAe HanpaBAeHHH npHcoeAHHaeTca k bto- 
Phhhhm o6motk3m TpaHCiJiopMaTopoB TOKa h Han- 
paaceHHH B COOTBeTCTBHH C COo6paHCeHHHMH, 
npHBeAeHHHMH B TA. III. 

HanpaHceHne k peAe HanpaBAeHHH MomHOCTH 
npH 9T0M MOHCeT nOABOAUTbCH nOCTOHHHO HAH 
TOAbKO b MOMeHT noBpeacAeHHH. Ecah k peAe 
HanpaBAeHHH noABOAHTb HanpnHceHHe nocTOHHHO 
(4>Hr. V, 50 h V, 53), to noA BAHHHHeM i H s Hop- 
M^AbHoro peacHMa hah ckbo3hoto KopoTKoro 3a- 
MblKaHHH OHO MOHCeT nOAeflCTBOBaTb H 33MKHyTb 
cboh KOHTaKTbi. npn nocAeAyromeM noBpeHCAe- 
hhh b 3amHmaeMOň 30He mohcct npn 9TOM npoH3oň- 
th HenpaBHAbHoe OTKAroneHHe HenoBpeacAeHHOň 
AHHHH. HeňCTBHTeAbHO npeAnOAOHCHM npHMeHH- 
TeAbHO K (J)Hr. V, 50, HTO Í H 6 OĎyCAOBAeH pa3- 
HOCTbK) TOKOB B AHHHHX I H //, npHHeM /i + /li. 
TorAa peAe HanpaBAeHHH, 3aMbiKaa AeBufi koht3Kt, . 
6yAeT noAroTOBAeHO k noAane HMnyAbca Ha ot- 
KAIOHeHHe AHHHH./. OTKAK)HeHHe He npOHCXOAHT 
AHLUb nOTOMy, HTO KOHT3KTH peAe I OCTaiOTCH 
pa30MKHyTbiMH, TaK KaK ero 4>. OT !>W. Ilpn B03- 
HHKHOBeHHH KOpOTKOTO 33MUKaHHH Ha AHHHH II 
nycKOBoe peAe cpaĎOTaeT h 33MKHeT cboh KOH¬ 
TaKTbi. PeAe HanpaBAeHHH, HMea 3aMKHyTbiM Ae- 
Bbiň KOHTaKT, MOHceT He ycneTb ero pa30MKHyTb 
h AonycTHTb HenpaBHAbHoe OTKAioneHHe HenoB- 
peacAeHHoň ahhhh I bmccto Tpe6yeMoro otkaio- 
HeHHH AHHHH II. 

ycTpaHHTb 9 to MOHCHO, ecAH HanpHHceHHe K 
peAe HanpaBAeHHH noABOAHTb TOAbKO B MOMeHT 
B03HHKHOBeHHH nOBpejKAeHHH, T. e. KaK 9T0 
noka3aHO, HanpHMep, Ha c})Hr. V, 54. npn ip.m 
HanpaaceHHH Ha 3a>KHMax peAe HanpaBAeHHH hct. 
OnacHOCTb HenpaBHAbHoro AeňCTBHH ero ot í H 6 
TaKHM o6pa30M HCKAronaeTCa. 

BTOpWM CnOCOÓOM, n03BOJIHK)IUHM H3Óe}KaTb HenpaBHJIb- 
Horo ^eftcTBHH 3amHTM H3-3a npe^BapHTeJibHoro cpaóaTbi- 
BaHHH pejie no^ bjihhhhcm moii(hocth HeóajiaHca, HBJíaeTCH 
cnocoó Hcnojib30BaHHH pejie HanpaBjíeHHH c yaepHCHBaiomH- 
mh KaiyuiKaMH (cm. tji. III,§12). B uejiax ynpomeHHH 
3dUlHTbI H COKpameHHH KOJIH^eCTBa HeOÓXOflHMblX peJie 
OÓbl^HO, KaK y>Ke ÓbIJIO CKa3aHO, CTpeMHTCH B paCCMaTpH- 
BaeMux 3ammax npBMeHHTb peae HanpaBJíeHHH ^ByxcTopoH- 
Hero AeHCTBHH. B cymeciByiomHX KOHCTpyKUHHx peJie c 
y^epxcHBaiomHMH KaiyoiKaMH, KomaKTHaH CHCTeMaHe MOxceT 
yAepxcHBaTbca b cpe^HeM nojioxceHHH, mto h HBjíaeTca 



IipHqHHOH HK peAKOrO HCn0Ab30BaHH» B AHíJjepeHUHajIbHhlX 
HanpaBJíeHHux nonepeqHbix 3amiiTax. 

/ÍHíJjepeHUHa^bHaH HanpaBJíeHHaH 3amnTa b 
OTAe^ibHbix c^yqaax momcct h npw noBpexcaeHHH 
b 3amHmaeMoň 30He OTKa3aTb b acííctbhh. PaHee 
yace 6ano OTMeqeHO, qxo npn 3aMbiKaHHH Ha 
npoTHBono^O)KHOÉ KOHue 3aniHTa HMeeT MepTByio 
30Hy no Toxy. JlH^epeHuna^bHaH HanpaB^teHHaa 
3amHTa mohcct He no^efiCTBOBaTb h npn MeTa/i- 
jwqecKOM 3aMbiKaHHH Mexc^y TpeMH (|>a3aMH b 
HenocpeacTBeHHoň 6^h3octh ot uihh toS noacTaH- 
uhh, Ha iroTopoií' oHa ycTaHOB,aeHa. OcTaTOHHoe 
HanpaxceHHe Ha uiHHax noacTaHUHH mohcct oica3aTb- 
ca npH aaHHOM BH^e noBpeHcaeHHa HeaocTaTOH- 
hhm aaa toto, hto5u oĎecneaHTb HaaencHoe 
aeňCTBHe peae HanpaBaeHHa. PÍHane roBopa, 
noaeeaeHHaa k peae MOínHOCTb mohcct oKa33Tb- 
ca MeHbuie ero mohihocth TporaHHa. 



nenutí npejoinoJiaraiOTCfl oaHO$a3HbiMH. ÍIpK nOBpewieHHH Ha 

HeKOTOpOM paCCTOHHHH l OT UIHH npHeMHOH nOflCTaHUHH TOK 

b pejie, KaK to 6 hjio ycTanoHJieHO [cm. (V, 57)], paBeH 


b 


JU_± 

n m L 


(V, 66) 


Ecjih Ha 3a>KHMbi peae noAaeTca JiHHefiHoe HanpaHceHHe, 
to BejiHqHHa ero, onpeaeaeHHaH naAeHHeM HanpHHceHHH ot 
M ecTa noBpeiKAeHHfl a o MecTa npHCoeAHHeHHa TpaHC<j>opMa- 
Topa HanpHMceHHa, paBHa 

u p = ^Q-li(L-l)z l {V. 67) 

hah, BhipaHcaa h qepe3 I K coraacHo (V, 54) 


V3 £2— 1\ 

U P^ n H * 2 L IkZv 

K peae npH stom noaBoaHTca MomHOCTb 


(V, 68) 


/ŠT 


P p =u p i p cos fp = ~ 


r 2 _ 

l * 2L* 


P 

—&1C0S (?p + a), 


(V, 09) 


ta© ol — BHyTpeHHHii yroa CABHra, npHcymnfi KOHCTpyKiwH 
peae (ra. III). 

ripn noBpeMCAeHiiH Ha npoTHBonoaoiKHOM nHTaromefi 
noACTaHUHH KOHue jihhhh paccTOHHHe ot uihh ao MecTa 
noBpencAOHHH paBHO Hyjno (l = 0). B cootb6tctbhh c (V, 66) 
i p = Q, a H3 (V, 69) caeAyeT, uto h P p = 0. II pn noBpeacAe- 
hhh b caMoM Hauaae jihhhh / ^ L. VÍ 3 (V, 67) caeAyeT, mo 



<J>Hr. V, 56. H3MeHeHHe mouihocth TporaHHH peae HanpaBae- 
HHJIj yCTaHOBJíeHHOrO B exeMe CO CTOpOHH nHTaHHH, B 3a- 
BHCHMOCTH OT MeCTa nOBpeHCAeHHH. 


cpnr. V, 57. M3MeHeHHe moiahocth TporaHHH peae HanpaBJíe- 
hhh, ycTaHoBaeHHoro b cxewe c npHeMHoft ctopohu, b 3a- 
bhchmocth ot MecTa noBpe>KAeHHH. 


np« noBpeHc^eHHH b 6 jih 3 h npneMHOft noACTaH- 
iihh pejie HanpaBAeHHH mouihocth 3amHTbi, ycTa- 
HOBJíeHHoň c nHTaiomefi CTOpOHbl, MonceT Taione 
He noAeňCTBOBaTb BCJieACTBHe He3HanHTeJibHOfií 
pa3HOCTH TOKOB B OTAČAbHblX AHHHtyX. 

TaKHM o6pa30M AH^epeHUHaAbHan HanpaBAeH- 
Ha h 3 amHTa, ycTaHOBjíeHHaH c OAHoň ctopohh, 
MO}KeT HMeTb ABe MepTBfcJX 30 HbI no MOmHOCTH. 

MepTBan 30Ha opraHa HanpaBJíeHusi moiuhocth. BejiH- 
qHHa MepTBOH 3 ohm opraHa HanpaB^ieHHH AH^epeHUHajibHofi 
HanpaBJíeHHOH 3aiAHTbi oapeAeJiHeTCH nyTeM pacqeTa h b otjih- 
qne ot MepTBOH 30 Hbi nycKOBoro oprána A^a nHTaiomeH h npH- 
eMHOH CTOpOHbl HC HBJIfleTCH OAHII3KOBOH. 

npH pacneTe BbiónpaioT ycJiOBHH, HaHMeHee 6jiaronpH»THue 
HJIH 33IUHTW C TO^KH 3peHHfl B 03 MO)KHOCTH pa3Mepa MepTBOH 
30Hbi. 3a pacqeTHoe n phhhm3iot 3aMbiK3HHe Me>KAy TpeMfl 
4>a3aMH 6e3 yueTa iiepexoAHoro conpoTHBjíeHHii. HaHMeHee 
BbiroAHhiM HBjíaeTCH TaKHce nHTaHne 3amHiuaeMoro yqacnca 

TOwlbKO C OAHOÍÍ CTOpOHbl, Ta\ KaK TOK B peJie npH 3TOM 
nojiyMaeTCH MeHbuiHH. 

3aiUHinaeMbiH yqacTOK Aeyx napaji.iejibubíx ^hhhíí npen- 
ciaBJíeH cxeMaTH^ecK i na 4 )Hr * V, 56 a. PaccMaTpHBaeTcn 
3auiHia, ycTaHOBJíeHHaa co CTOpOHbl rnuauHa; peae HanpaB- 

14 PejieHHaa 3amnta 


npH 3 tom u p = 0, a noaTOMy, Kan sto BWTeKaeT h Heno- 
cpencTBeHHO h3 (V,69) h P p = 0. TaKHM oópa30M npw no- 
Bpe)KAeHHH h b KOHue h b Hanaae jihhhh P p = 0, h peae 
HanpaBaeHHH He paóoTaeT. rio Mepe yaaaeiiHH MecTa noBpeiK- 
aeHHH ot uihh noacTaHUHH b rayób y i iacTKa P p B03paciaeT. 
XapaKTep H 3 MeHeHHH P p b 33bhchmocth ot MecTa noRpencae- 
hhh npeACTaBaeH npHMepHoft KpHBOH P p =/(/) (<})Hr. V, 56 6). 
Ecaw noBpe)KaeHHe npoH30HAeT Ha rpaHHue MepTBOH 3 ohu, 
to P p npHHHMaeT 3 HaueHHe Pp.m . 

npHHHMaa b (V, 69) P p = Pp.m, npHÓaHHceHHO cqHTaa 
Pp.m He33BHCHMOH OT Í p , H COOTBeTCTByK)IAi.M 06p330M 
npeoópa 3 ya (V, 69), mohcho noayuHTb ypaBHeHHe naa 
cnpeAeaeHHa BeauqHHbí MepTBOH 30Hbi: l x = x: 


X 


2L*P p . m n m n H 
y'3 /Vi cos (<?p+ a ) 


(V, 70) 


npn pemeHHH (V, 70) noayqaeTcn Aea noaoxcHTeabHux 
KopHa x\ h x 2 , no kotopwm moikho onpeaeaHTb MepTBbie 
30HbI 


r x = x í 


(V, 71) 


A aa cayuan noBpeucAeHHH b KOHue jihhhh h 
l n x ~ L 


Aflfl cayqan noBpeuíAeHHH b Haqaae aHHHH. 


(V, 72) 
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Ha <JíHr. V,56 6 3HaneHHe MepTBbix 30H noJiy^aeTca rpa- 
<j)H*iecKH H3 nepeceneHHH kphboh P p c ropH30HTajibHoň 
npflMOH Pp.m. 

AHajiorH^Ho ajohího npoaHajiH3HpoBaTb ^eíicTBHe 3amHTbi, 
ycTaHOBJíeHHoň h c npHeMHOH CTopoHW (<})Hr. V, 57). B stom 

CJiy^ae npH 3aMMKaHHH Ha 
paCCTOHHHH L — / OT IHHH 
npHeMHOH noACTaHUHH, npn- 
HIIM 35 I BO BHHMaHHe (V, 50), 



sto TeM, ^to npH oahom h tom »ce Tone noBpe^eHHa k 
33iKHMaM peJie 3aiHHTbI npHeMHOH nOflCTaHUHH nOABOílHTCí} 
corjiacHO (V,68) h (V,74) MeHbmee HanpaHceHHe, a cjieao- 
BaTeJibHO, h 3HanHTejibHo MeHbinaa MOiuHOCTb. 

ripn KopoTKOM 33MbiKaHHH b MepTBbix 30Hax, onpejie- 
jiaeMbix opraHaMH HanpaBJíeHHH mouíhocth h pacnojioiKeH- 
hwx y Mecia yciaHOBKH aaHHoro KOMnaeKTa 3 amHTbi (/"), 
nocae^HKe, Kax npaBHJio, OTKa 3 biBaioT b .uchctbhh. B sthx 
cayqaax noBpeMc,aeHHe OTKaio^aeica pe 3 epBHbiMH 3amHTaMH, 
ydaHOBaeHHbíMH Ha aaHUbix jihhhhx hjih, ec jih ohh Taioxe 
HMeioT cooTBeTCTBylomné MepTBbie 30 hh, 3 amHTaMH CMexc- 
Hbix aaeMeHTOB cHCTeMH. 


ftumaHUB 



4>nr. V, 58. CxeMa flByx<}>a 3 HOH 
AH^epeHUHaabHOH HanpaBJíeH- 
hoh 3amHTbi ajih ceien c MaabíMH 
TOK3MH 33MbIKaHHH Ha 3 eMJIK). 


anj:sj3KenHe, noflBeaeHHoe k peae, 


JL /T / l ( L ~ l 

^ /3-4 2L z v 


(V. 74) 


IlOABOAHMaH k pejie moiuhoctb 

p '”"S7- / **"fe í " /,,IlCOS( ^ +o) - (V,75) 

ílojiaraa P p = P p , m h npoH 3 Bejui iieoóxoflHMbie npeoó- 
pa30B3HH5i, moíkho noJiyHHTb ypaBHeHHe .rjih onpeaejieHHH 
BeJIH^HHbl MepTBblX 30H l x = XI 

2_ L 2 Pp.mn m n H 


jc 3 — Lx 2 - 


= 0 . 


(V, 76) 


V 3 /«-«iCOS(9p+a) 

no onpeaeaeriHbíM H 3 (V, 76) nojio>KHTejibHbiM KopHHM 
X\ h xo aerKO iiaíÍTH 3 Ha<ieHHH MepTbbix 3011 

4 = 

4 = L — x * 

3Ha<ieHHH l x ' h l x MoryT 6bHb onpe^eaeHbí h rpatjrn- 
*iecKH, Kax noKa33Ho Ha $nr. V, 57a h 6. Mepnjan 30Ha /uih 
3aiHHTbl, yCT3H0BaeHH0H C npHeMHOH CTOpOKbl,' npH oaiio- 
CTOpOHHeM nHTBHHH noJiy*iaeTCH óojibnie, neM sto óbiao ajih 
3aiUHTbl, yCTaHOBaeHHOH CO CTOpOHbl 
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(V, 77) 
.(V, 78) 


nHT3HHH. OÓT>HCHHeTCH 


4>nr. V, 59. CayqaH^B03MOH{Horo HenpaBHabHoro 
AeHCTBHH 3amHTbi no <j)Hr. V, 58. 

-7B 3aKaioMeHHe cjieayeT OTMeTHTb, *ito OTKa3bi 
npaBHabHO BunojiHeHHbix 3amHT 3a cqex Heaocia- 
to^hoh BeanqHHbí HanpHHceHHH Ha 3a>KHMax peae 

MOmHOCTH npH KOpOTKOM 33MbIKuHHH B MepTBblX 
30Hax HMeioT^ Medo Hpe3BbiqaHHO pe^Ko, Tax xax 
npaKTHHecKH MoryT óbiTb Toabxo npH Tpex<j)a 3 Hbix 
MeTaaaHHeCKHX KOpOTKHX 33MblK3HH5IX. 

npHMepbi BbinojmeHHfl cxeM nonepeq- 
Hbix ^.HtpepeHUHajibHbix HanpaBJíeHHbix 
3amHT Ha o6opyaoBaHHH X3M3 [a. 9]. 
J[XByx(J)a3Hafl cxeua 3auiHTbi ajib 
ceTefi c m a ji H m h t o k a m h ojho- 

a3 h oro 3 a m bi k a hh a Ha 3eMJiK> 

(<fmr. V,58). CxeMa HMeeT cjie^yiomee 
BbinojiHeHHe: 

1) nycKOBbie opraHbí — MaKCHMajibHbie 
pejie Tqxa 1 MrHOBeHH.oro aeflcTBHH THna 
3T-61 C OflHHM HOpMaJIbHO pa30MKHyTHM 
KOHT3KTOM BKJHOHeHbl Ha pa3HOCTb TOKOB 

$a3 A h C; 

2) opraHH HanpaBjíeHHH — oaHO<f)a3Hbie pejie 
mouxhocth 2 Tana HM-140, nepeaeJiaHHbie Ha 
AByxcTopoHHee aeňCTBne [JI. 10], pearHpyromne 
Ha u p • i p *cos (cpp + 45°). BHyTpeHHHft yroa c^BHra 
b 45° oóecneMHBaeT qeTKyio paóoTy 3am»TH 
o6enx noBpeacAeHHbix cj)a3 npn AByx4>a3Hbix 3a- 
MblKaHHHX H OCymeCTBJIHeTCH aOĎaBOHHblM 3KTHB- 
HblM COnpOTHBJíeHHeM 3, BCTpaHBaeMblM BHyTpb 
pejie MOmHOCTH. B cxeMe ocymecTBjíeH nycK 
pejie mohxhocth nocpeacTBOM nojBeAeHiia k hhm 
H anpaJKeHHH h oneparHBHoro TOKa qepe3 Hop- 
MaJlbHO pa30MKHyTbie KOHTaKTbl npOMe/KyTOMHblX 
peae 4 raná Pll-2, npHBOAHMbix B ^eňCTBHe nyc- 
KOBblMH opraHaMH 1. 

no4>a3HbJŮ nycK opraHOB HanpasaeHHH neoč- 
xoahm aaa npeAOTBpanieHHH HenpaBHJibHoS pa- 
6 oth 3am,HTbi b caeayiomHX cayqaax: 

a) npn AByx4>a3Hbix 3aMbncaHHHX Ha o^Hoň H3 
napaaaeabHbix jihhhíIí 3a cneT 3aMbiKaiomerocH 



qepe3 pe^e HenoBpexcfleHHOft <t>a3H TOKa He6a- 

jiaHca, KOTOpbiň MoaceT 6biTb AOCTaTOHHbíM %jin 
HenpaBHJibHoro cpaóaTUBaHHH pe^ie HanpaB^ieHHa; 

6) npn K3CK3AHOM AeftCTBHH 3amHTbI (OTKJIIO- 
qeHHe b iiepByro onepeab co cropoHU, npoTHBo- 
no^tOHCHOň MecTy ycTaHOBKH 3am.HTbi) b cjiywae 
AByx4)a3Horo KopoTKoro 3aMbiKaHHH 3a cweT TOKa 
HenoBpexcaeHHOň <J>a3bi HenoBpe>K,n,eHHOň jihhhh, 
KOTOpbiň MOMCeT ČbITb BnOJIHe AOCT3TOHHHM AJIH 
HenpaBH^bHoro cpaóaTHBaHHH pejie HanpaBJíeHHH 
3TO0 $ a3H * 

ripoMOKyTO^Hbie pejie 4 coBMecrao c pejie 
1 npeAOTBpamaioT Tanace paóoTy cxeMbi npn 

AeňCTBHH AeHOHHblX pa3pHAHHKOB. 

3a cneT ^Byx4>a3Horo BbinojmeHHH cxeMa 
oSecnenHBaeT npH ABofiHbix 3 aMbiKaHHax Ha 3eM- 
;no npHMepno b 67% cjiynacB OTKjiiOHCHHe TOJib- 
ko OAHoro MecTa noBpeacACHHH. 



O 


CxeMa HMeeT tot HeaocTaTOK, hto MoxceT OTKJiKmiTb 
HenoBpe^eHHyio jihhhio npn abohhom 3aMbiKaHHH Ha 3eMJiio 
$a 3 A h C, Kor.ua ouho MecTo noBpe^eHHH (HanpHMep, Ha 
(J)a 3 e A) HaxoAHTCH Ha o^hoh H3 napaJiJiejibHbix jihhhh, a 
BTopoe (Ha 4>a3e C) BHe 3amnmaeM0H 30Hbi ($Hr. V, 59). 
3to MOHceT np0H30HTH npn KacKa^HOM OTKJiioqeHHH noBpenc- 
AeHHH Ha paccMaipHBaeMOH jihhhh b TOHKe M c jieHCTBHeM, 
b nepByio onepejib, 3amHTW c npneMHOH CTOpOHbi. Tor.ua 
áamHTa, ycTaHOBJíeHHaa c nHTaiomefi ctopohw, oKaaceTCH noa 
B 03 ^eHCTBHeM KaK TOKa/, 4 , TaK H TOKa /c. npH 9T0M KOM- 
íuieKT peae <})a3bi A noaeHCTByeT Ha OTKJiioqeHHe noBpeac- 
jieHHofi jihhhh, a KOMnjieKT pejie 4>a3bi C OflHOBpeMeHHO— 
Ha OTKJiioqeHHe BTOpon HenoBpeacfleHHOH jihhhh, ecjin 3aMbi- 
KaHHe B TOHKe N eme He JIHKBHflHpOBaHO 3aiUHT0H BTOpOH 
nOBpeHCJieHHOH JIHHHH. yKa3aHHbIH HeffOCTaTOK MOHCeT CbITb 
ycipaHeH TOJibKO aoóaBJíeHHeM k cxeMe cneunajiLHOH 6jio- 
KHpOBKH, flaiomen 3amHTe B03M0)KH0CTb npH 
flBOHHblX 3aMWKaHHHX Ha 3eMJIK) fleHCTBOBaTb 
TOJibKO Ha oflHOH, HanpHMep, onepeacaiomeH no- 
BpeHc^eHHOH (})a3e (cm. tji. III, § 29). Heoóxo- 

AHMO, oflHaKO, OTMeTHTb, hto yKa3aHHoe Henpa- 
BHjibHoe cpaóaTbiBaHHe MajiOBepoHTHO, TaK Kai< 

MOHceT np0H30HTH TOJibKO npH HaJiHHHH Ha jipy- 
tom yqacTKe 3amHTW c ĎÓJibiiiHM BpeMeHeM 
^eíícTBHH, qeM aaHHa h npn HaxoacneHHH tohkh 
M b onpejiejieHHOM MecTe h on peřeji eHHbix 
(j*a3ax jihhhh. Cjie^yeT Taxace hmctb b BHjiy, 

HTO paCCMOTpeHHbíH HeflOCTaTOK MOryT HMeTb H 
cxeMbi B TpfcX(J)33HOM BbinOJIHeHHH. 

Tpex<|>a3Hasi cxeMa 3amHTbijiJiH 

c e t e ií c Harjiyxo 333eMJieHH0H Hy- 
jieBOH tohkoh ((Jwr. V, 60). CxeMa Bbinoji- 
HeHa cjiejiyiomHM o6pa30M.* 

1. nycKOBwe opraHbí: npn MeHcjiy(J)a3Hbix 

33MbIKaHHHX — MHHHMaJIbHOTO HanpHHCeHHH 1 C 
TOKOBOH ÓJIOKHpOBKOH 2 \ npH 3aMbIKaHHHX Ha 
3 eMJIK) — TOKOBblH 3 , BKJHOHeHHblH Ha pa3H0CTb 
tokob HyJieBOH nocJie^OBaTejibHOCTH jihhhh. 

U,ji5i npaBHJibHoro AencTBHH npH Me>Kjiy^a3Hbix 
33 MbiKaHH5ix MHHHMajibHbie pejie HanpHHCeHHH 1 
THna 3H-69 BKJiioqeHbí na JiHHeíÍHbie HanpaHceHHíi h nosTOMy 
cjiy>KHTb nycKOBbíM opranoM npn 3 aMbiKaHHHx Ha 3eMJiio ne 
í.ioryT. 

2. OpraHbí HanpasjíeHiiíi flByxcTOpoHiiero jxencTBHH: npn 
Me>K^yi{)a3Hbix 3aMbiKaHHHx — Tpex^asHoe pejje HanpaBJíeHHH 
moihhocth 4 THna HM-305 cMemaHHoro THna, BKJiioqeHHoe no 
90° cxeMe; npn 3aMbiKaHHax Ha 3eMJiio— 0HH0(í)a3H0e pejie Ha- 
npasjíeHHfi 5, CHHycHoe [P p =u p -í p 

MM-148, BKJiioneHHoe Ha 4 )HJIbT P bl 

TeJIbHOCTH. 





cos (cpp + 30 0 )] THna 
HyjieBoíl nocjieAOBa- 


jjjui (|)HKCHpOBaHHíi KOHT3KTOB pejie HanpaBaeiiHJi BCpeji- 
HeM nojioHceHHH npn nopMajibHOH paóoTe nanpííHceHHe k hhm 
nOJIBO^HTCH TOJIbKO B MOMeHT nOBpeiK^eHHH nepe3 KOHTaKTbl 
nycKOBbix opraHOB. BnpoqeM ^jm pejie HanpaBJíennH 5 sto 
b pnfle cjiynaeB Heo6H3aTejibHO, TaK xax HanpsnKeHne 3 Uq 
npH HopMajibHOH paóoTe 6jih3K0 k Hyjiio, h moiukoctb hs- 
óajianca HMeeT BejijinHHy, MeHbmyio moiuhoctk TporaHHH peae. 
npH noCTOHHHOM noj^BO^e Hanpn>KeHHH k pejie 5 nocToan- 
Hbift tok Ha ero KOHTaKTW MOHceT no^aBaTbCH ot pejie 3; 
npH STOM 3amHTbI OT 3aMblKaHHH MeHCjTy 4>a3aMH H Ha 3eM- 
JIK) OKa3bIBaiOTCH Ha nOCTOHHHOM TOKe He CBH3aHHbIMH. 
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3. BuxoflHbie npOMe>KyTO*iHHe pejie 6 hmciot to xce Ha- 
anaqeHHe, mo h b cxeMe <£hi\ V, 58. KpOMe toto ohh cay- 
waT ujih j a3^ejieHH« uenen onepaTHBHoro TOKa BHKJiioqaTe- 
jieft B1 h B2, ecjin sth ueiiH nniaioTCH ot OTfleJibHux npe,no- 
xpaHmejiefi. 

ripH 3 aMbIKaHHfIX Ha 3eMJIIO KOMIIJICKT OT 3aMHKaHHH 
MeXCAy 4)a3aMH H3 fleHCTBHH He BblBOflHTCH. ripH KaCKaflHOM OT- 
OIOqeHHH OJIHO(J)a3HOrO 33MbIKaHHH H3 36MJIK) C OTKJIKmeHHeM 
e nepByio onepejib BbiKJiioqaTejiH co ctopohm, npOTHBonojioac- 
eoH Mecry ycTaHOBKH paccMaTpHBaeMOH 3amHTW, Ha peae 
moluhocth 3 npH cp«j6aTbiB3HHH pejie HanpnMceHHH 1 Heno- 
BpeweHHOH <ž>a3U .neficTByeT Taiexce momcht noc.ne.nHeH. 3 tot 
MOM eHT Monce r 6uiTb HanpaBJíeH b cTopoHy TopMoaceHHH, npe- 
uííTCTByH npaBHJibHoň paóoTe pejie 3 • OflHaKO .ujih HenpaBHJib- 
Hoří paóoTbi 3amH'bi hcoďxojihmo, qToóbi BpamaiomHfi mo- 
Me r 'T ouhoh HenoBpeacAeHHOH 4 )a3W oKa3ajicn óojibine mo- 
MeHTa Ha noBpe)K,neHHOH 4>a3e, mto MoaceT HMeTb MecTO 
rojibKO b HeKOTopbix MajiOLiepoHTHbix cjiyqanx. ______ 




4>Hr. V, 61. CxeMbi jxonojiHHTeJibHOH 3amHTH. 




nonepeqHaa ^H^epeHUHajibHan Ha- -I® 

npaBjíeHHaa 3auxHTa jieftcTByeT tojihko 
npn paóOTe apyx JiHHHň. řípa Bbixo.zi.e 4>Hr.V,62. 
H3 paóOTbi o^HOfl H3 JiHHHň OHa npH 3aD * HT “ " 
noMomn ÓJioK-KOHTaKTOB, ycTaHOB^ieH- 
Hbix Ha Bajiy BbiKJiioqaTejieů, aBTOMaTHqecKH bm- 
BOflHTCH H3 .aefiCTBHH. 

TaK Kax AH(J)epeHu.HajibHaH HanpaBjíeHHaa 3 a- 
mma He pearnpyeT Ha CBepxTOKH (neperpy3KH 
h BHemHero noBpeacAeHHa), Ha Koporape 3aMti- 
K3HHe B MepTBOň 30He no HanpHHíeHHIO, H3 OAHO- 
Bp MeHHOe 3aMbIKaHHe OAHOHMeHHblX 4>33 pa3JIHH- 
Hbix JIHHHft H COBepmeHHO BUXOAHT H3 fleflCTBHH 
npH paóoTe TOjibKO OAHoň jihhhh, to Hapa^y c 
Heň jijih 3amHTbi flByx napajuiejibHux jihhhů 
yCTaHaB^HBaeTCa eme AonojiHHTejibHaa 3am«Ta, b 


4>Hr. V, 62. fleflCTBHe 
3amHTW npH o6p«Be 
npoBoaa. 


npH HHTaHHH yqaCTKa TOJIbKO C OflHOň CTOpO- 
hh aonoJiHHTejibHaa 3awnTa ycTaHaBJMBaeTca 
TOJIbKO CO CTOpOHbl nHTaHHH; npH AByXCTOpOH- 
HeM nHTaHHH — C flByX CTOpOH. 

B 33BHCHM0CTH OT KOHtJwrypauHH H yCJIOBHft 
KOMMyTaiiHH ceTeft b KaqecTBe AonojiHHTejibHofi 
3am,HTbi MoryT npHMeHHTbca TaKwe h apyrne 
bhah 3amHT, HanpHMep, MaKCHMajibHbie tokobmc 
H anpaB^eHHbie hjih AHCTaHUHOHHbie (cm. tji. III 
h ivi. IV). 

OTHOCHTe^ibHaa npocTOTa .nHiJiepeHUHajibHoft 
HanpaBJíeHHOH 3am,HTbi h pačoTa ee Oe3 BbuepjK- 
KH , BpeMeHH HB^HIOTCH OCHOBHUMH AOCTOHHCTBa- 

mh, o6ycjiOBJiHBaiomHMH uiHpoKoe ee npHMeHeHne 

—_i n,n a 3amHTbi napa^e^bHbix 

Qj Kacaacb oueHKH. 3amaTbi, Heo6xoA«Mo 

_Vf TaKwe OTMeTHTb cjieayiomee: 

J3 ► 1) npH oópbiBe npoBOAOB h o^HOBpe- 

J MeHHOM HX 33MbIKaHHH 3aUJ,HTa MOXteT 

' noaeflcTBOBaTb h Hece^eKTHBHo otk^ho- 

HHTb HenoBpe*fleHHyio jihhhk); aeňcTBH- 

*—|l^ Te^ibHO, ec^H b cooTBeTCTBHH c 4>nr.V, 62 

Í npoH3oflaeT oĎpbiB npaBoíi jihhhh c ojho- 
BpekeHHblM 33MbIKaHHeM Ha 3eM/IK) OilHOrO 
KOHixa, to co CTOpOHbí nHTaiomeň no4- 
CT3HUHH MOHteT npOH30ÍÍTH OTK^IWTeHHe 
^eBOň ^hhhh; b HacToamee BpeMa He 
cymeciByeT HaaeHCHbix chocoÓob 
’ yCTpaHeHHa 3Toro HeAOCTaTKa; 

SHCTBHe 2) Ha^HHHe MepTBblX 30H, OĎyCJIOB^H- 
° a .P UBe Baromnx otk 33 3amHTbi ujih ee KacKaiHoe 
AeňCTBHe; 

3) B OTHOUieHHH ĎHCTpOTH paÓOTbl 3amHT3 
HMeeT tot HeaocTaTOK, hto npH KacKanHOM a.efl- 
CTBHH B 03 paCTaeT IIpHMepHO BflBOe BpeMH OTK^HO* 
qeHHa noBpewAeHHOft ^hhhh; 

4) npn AByxcTOpOHHeM nHTaHHH M 05 Ker no- 

HBHTbCH HeOÓXOAHMOCTb b C^IOKUOft ilOfTO^IHH- 

Te^bHoň 3aiu.HTe, SHaHHTe^bHO yc^io*Hfliomeň 

o6mee 3amHTHoe ycTpoňCTBo; 

5) HaaHHHe ĎJIOKHpOBKH Ha 6jIOK-K0HT3KTaX 
BUKJiioqaTe^eň, Tpeóyiomeň aonojiHHTi^bHtix 
K0HT3KT0B B HenH nOCTOHHHOrO TOKa, CHH>KaeT 


KaqecTBe kotopoh mojkct b HeKOTopbix c^yqaax 
npHMeHHTbca oĎbiqHaa MaKCHMa^bHaa TOKOBaa 3a- 
mHTa. 

Ha 4>Hr. V, 61 npeacTaB^eHbí cnocoĎH npnco- 
eflHHeHHH pejie stoS 3amnTbi. Ha $ht. V,61a 
aono^HHTe^ibHaa 3amaTa HMeeT ozi.hh KOMn^eKT 
pe^ie. Hepe3 pe^e npoxojHT cyMMapHbiň tok AByx 
jiHHHň. Ha <|)Hr. V, 616 Aono^HHTe^bHaa 3amHTa 
ycTaHOB^eHa pa3iie./ibH0 jui a Kaacaoft ^hhhh. Flpe- 
HMymecTBOM BToporo cnocoda aB^aeTca to, hto 
aamHTa aeftcTByeT npaBH^bHO h‘ npa pa3Ae^bHoň 
paĎOTe JiHHHň. TaK KaK i p . m AonojiHHTejibHoň 3a- 
mHTbi BuónpaeTca no cyMMapHOMy TOKy ^hhhh, 
yqHTblBaa B03M0H£H0CTb paÓOTbl TO^bKO OAHOň 
£« jiHHHň, to npH nepBOM cnocoóe no^yqaeTca 
óo^ibraaa qyBCTBHTe^ibHOCTb 3a cqeT toto, hto 
qepea pejie npoTei<aeT cyMMapHbiň tok. 


HaaeacHOCTb 3amHTbi; 

6) npn jiHHnax c Heo,a,HHaKOBbiM conpoTHBJíe- 
HneM MoryT noaBHTbca tokh Heóa^aHca, 3wa ih- 
Te^bHO 3arpy6jiaioiii,He 3amHTy h^h .le^iaromne 
ee no qyBCTBHTe^ibHOCTH HenpHrojnHOH; b sthx 
c^yqaax a6co^K)THbie Be^HqHHhi btophhhux to- 
kob MoryT 6biTb BbipaBHeHbí, HanpHMep, 3bto- 
TpaHC(J)opMaTOpaMH TOKa; a^a ycTpaneHHfl yrao- 
Boro cn,BHra BTopnqHMX tokob cnocoóoB He cy- 
mecTByeT. 

flH^epeHUHa^bHaa HanpaBJíeHHaa 3amnTa 
ycTaHaB^HBaeTca &n a 3amHTH ^Byx ncpa^e.ibHwx 
JiHHHň B CeTHX JIIodOTO HaHpHJKeHHH, eCJIH TOJIb- 
ko Kaac^aa H3 jihhhS paóoTaeT qepe3 cboíi bm- 
KjnoqaTejib h ecJin BeJiHqnHbí MepTBbix 30H 3a- 
mHTM npa 9tom He npeBbímaiOT aonycTHMbix Be- 

JIHMHH. 




mHTa AOAHCHa BbiBOAHTbca H3 aeňCTBHíi. Ha 
(Jmr. V, 64 c 9Toň neAbio npeAycMOTpeHa óaokh- 
poBKa 3amHTH, KOTOpaa npa pa3MbiK3Hnn bh- 
K^KmaTejia Aioóoii ahhhh aBTOMaTHqecKH bhboaht 
3amHTy H3 AeňcTBHH nyTeM pa3pbiBa uena one- 
paTHBHOrO TOKa Ha ÓAOK-KOHTaKTaX BblKAIOHaTeAH. 

B^OKHpoBKa npeAOTBpamaeT Tanace HeceaeK- 
THBHOe AeňCTBHe 3aiHHTbI HpH KaCKaAHOM OTKAIO- 
qeHHH noBpeacAeHHH (KaK h y nonepeaHbix ah- 
4>epeHUHa^faHbix HanpaBAeHHbix 3amHT). 



THna 3B-20 X3M3. 



Rjiff 3amHTbi napaAAeAbHux ahhhů co CTopo- 
Hbi nHTaHHH b pa,ae CAynaeB MoaceT OKa 3 aTbca 
óoAee Bbiro^HOň paccMOTpeHHaa Hnace tokobbh 
óaAaHCHaa 3amHTa. 

18. BAJ1AHCHAÍI TOKOBAÍI 3ALU.HTA 

BaaaHCHaa TOKOBaa 3amHTa ocHOBaHa Ha ah- 
(JiepeHUHaabHOM npHHaHne KocBeHHoro cpaBHeHHH 
ačcoaioTHbix 3HaHeHHft tokob b Aayx napaAAeAb- 
hwx ahhhhx, Kaacaaa H3 KOTOpbix npHcoeiiHHeHa k 
IHHH3M Hepe3 CBOft BUKAJOHaTeAb. 

řípu nHTaHHH JimnŘ c oahoíí 
CTopoHbí ÓaAaHCHaa TOKOBaa 
3aui.HTa ycTaHaBAHBaeTca TOAb- 
KO CO CTOpOHbl nHTaHHH. Co 
CTOpOHbl npHeMHOft nOACTaHUHH 
b TaKOM cAynae npHMeHaeTca 
3amHTa, HMeiomaa opraH Ha- 
npaBaeHHH moiuhocth. Ilpn 
^ByXCTOpOHHeM nHTaHHH AHHtfň 
ÓaAaHCHaa 3amHTa MoaceT óuTb 
ycTaHOBaeHa c oďohx kohhob 
3amHmaeMoro ynacTKa. 

3amHTa ocymecTBAHeTca nocpeACTBOM cneuH- 
aabHbix fiaaaHCHbix tokobhx peae, HanpHMep, 6a- 
aaHCHbix aaeKTpoMarHHTHbix peAe X3M3 THna 3B. 

CxeMaTHnecKH Tanoe peae npeACTaBAeHo Ha 
(Jjht. V, 63. Ha npaflHHX CTepacHHXHHacHefl HenoA- 
BHHttioň nacTH aaeKTpoMarHHTa pacnoaoaceHbí ABe 
ocHOBHbie oómotkh peAe: 1 — paóonaa k 2 — 
T0pM03H3fl. CpeAHHň CTepHceHb HBAaeTca ctoA- 
xoň, k BepxHeň wacTH KOTOpofi npHKpenaeH nOA- 
BnacHuft HKopb 4. 06motk3 peAe 1 nHTaeTca pa- 

ÓOHHM TOKOM OT BTOpHHHOň OÓMOTKH TpaHC^Op- 
MaTOpa Tona, ycTaHOBAeHHOro Ha oAHOň H3 3amH- 
maeMbix ahhhS. TopM03Haa o6motk 3 2 nHTaeTca 
TOKOM OT TpaHC4)OpMaTOpa TOKa OAHOHMeHHOň 
4>a3bl BTOpoft AHHHH. 

CxeMa BKAioqeHHH óaAaHCHbix peAe oAHofi <j>a 3 bi 
npeACTaBAeHa Ha (fwr. V, 64, rae oóo3HaqeHHH 
oómotok peAe {1,2 h 3) cooTBeTCTByioT (j)Hr. V, 63. 

H3 (Jjht. V, 63 h V, 64 caeayeT, hto npn Hop- 

MaAbHOM peiKHMe paÓOTbl H CKB03HHX KOpOTKHX 
3aMbiKaHHhx, Koraa nepBimHbie tokh b oahohmch- 
hhx (jja3ax 3aniHmaeMUX napaAAeAbHux ahhhH 
OAHHaKOBbi, nepe3 padonne h TopM03Hbie oómotkh 
peAe ahhhh / h pěně jihhhh // npoTeKaioT TaK* 
Hte OflHHaKOBbie BTOpHHHbie TOKH. Il03T0My pe^e 
He npHxoAflT b aeňcTBne. KoHTaKTbi pe^e Hop- 
Ma^IbHO pa30MKHyTbI H npn OTCyTCTBHH TOKa 

ya.epa{HBaioTCH b TaKOM coctohhhh AeftCTBHeM 
npyacHHbí (4)Hr. V, 63). 

B tom cjiynae, Kora.a OAHa H3 3amHmaeMbix 
AHHH0 OTK^roqaeTCH, HCne3aeT TOK B T0pM03H0ň 
oÓMOTKe pe^e, ocTaBmeftca b paóoTe ahhhh. Rji a 
jihhhh, HaxoAHuieňCH b paóoTe, B03HHK36T onac- 
HOCTb HeceAeKTHBHoro ee oTKAroneHHa npn ckbo3- 

HOM KOPOTKOM 33MblKaHHH. CaeaOBaTeAbHO, H B 

cayiae óanancHOň 3anj,HTM flByx napayiaeAbHbix 
AHHHň npn BUXOAe H3 paóoTbi o^HOň ahhhh 3a- 


4>Hr. V,64. CxeMa BK^ioieHHH 6aaaHCHux peae. 

ripaKTHqecKH He HCKAioneHa B03M0KH0CTb Ta- 
koto no^OHceHHa, KorAa BHK^ioqaTeflH co CTOpo- 
Hbi AaHHoro KOMnAeKTa 3anj,HTU ocTaiOTca 33mk- 
HyTUMH, a BHKAKJHaTeAb OAHOfi H3 AHHHH C npO- 
THBonoaoHCHofl CTopoHU 3aniHmaeMOro ynacTKa 
OTKAHDHaeTca. B TaKOM CAyqae ÓAOKjHpoBKa 3 a- 
mHTbi He noaeňCTByeT, h 3aiíiHTa Mor^a óbi no 
npHMepy HanpaBAeHHoň AHcJjepeHHHaAbHoň npoH3- 
BecTH HeceAeKTHBHoe OTRAioneHne HenoBpeiKAeH- 
HOft AHHHH. 

B ixeAax ycTpaHeHHa b noAOÓHOM c^ynae He- 
npaBHAbHoro AeflCTBHa 3amHTU ot paóoaero TOKa 
HopMaAbHoro peacHMa b óaaaHCHOM pe^e npe^y- 
CMOTpeHa BTopaa TopM03Haa oómotk 3 3 ($ht. V, 63), 
KOTopaa nHTaeTca ot TpaHC(|)opMaTopoB Hanpa- 
HCeHHa. npn HOpMaAbHOM HanpaiKeHHH T0pM03H0ň 
MOMeHT OT OÓMOTKH 3 TaKOB, HTO MaKCHM3JIbHbIŘ 
paóoaHň tok 0Ka3biBaeTca Hé b coctohhhh npH- 
BecTH 3amHTy b AeflcTBHe. 

Ecah npoH3oňAeT noBpeacAeHHe Ha oaho8 hs 
napaAAeAbHbix ahhh3 b 3amHmaeMOň 30 He, to 
B 03pacTeT tok b paóoaeá oómotkc pe^e AaHHOň 

AHHHH H TOK B T0pM03H0ň OÓMOTKe COOTBeTCT* 

Byioninx peae Apyroů ahhhh. 

TaK KaK npn 3aMUKaHHH Ha 3auiHmaeMofl ah- 
hhh noHHHcaeTca HanpaaceHHe Ha 3a*HMax Top- 
MO3HO0 OÓMOTKH 3, TO CHHHCaeTCH TeM C3MUM 
TopM03Hoe AeflcTBHe h ot oómotkh HanpaxceHHa. 
PaóoqHít MOMeHT peAe M pa 6 óy^eT óoAbuie cyMMbi 
T0pM03HbIX MOMeHTOB OT TOKa Mmopnun, Hanpa- 
3KeHHH M m op M H H MOMeHTa npy«HHbi Mm (npeA- 
noAaraa, hto momcht ot TpeHHH yaHTbiBaeTca 
BMeCTe c momchtom npyacHHbí), t. e. Aí / , a 5> 
^ M mo p M m -J- M mopM H -J- Mm. 
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Cjie.noBaTe.nhHo, peJie cpaóoTaeT h otkajohht 
noBpewneHHyio jihhhio. OTKjnoneHHe noBpexcAeH- 
Hoň JIHHHH C npOTHBOnOJlOHCHOft CTOpOHbl npOHC- 
XOHHT OT HeflCTBHH yCTaHOBJíeHHOft TaM 3amHTM. 

CoieTaHHe tokob h HanpajKeHHň, noABOAHMbix 
k TopM03HbiM o6motk3m HanpflaceHHH, ajih o6ec- 
ne^eHHa HaHĎOJibineň qyBCTBHTejibHOCTH 3amHTbi 
npH noBpeacfleHHflx co 3HaqHTejibHbiMH ocraTon- 
HUMH HanpaáceHHHMH hojijkho ocymecTBjíaTbca KaK 
b nycKOBbix opraHax AncTami,ii0HHbix h AH<|)epeH- 
una/ibHbix HanpaBjíeHHbix 3amHT. 

IÍ3 paccMOTpeHHa (Jmr. V, 64 CJienyeT TaKace, 
mto npn OHHOCTopoHHeM nHTaHHH napajuieJibHbix 
jihhhh óajiaHCHaa TOKOBaa 3amHTa, ycTaHOBjíeHHaa 
c npHeMHoň CTopoHbí, He oSecneaHT HaAJieaca- 
mero HeftCTBHH. OčtacHaeTca 9 to TeM, hto npn 
noBpeacHeHHH b 3amHmaeMoň 30He nepe3 pa6o- 
qyio h TopM03Hyio očmotkh pejie noBpexcAeHHbix 
4^3 npOXOHSJT OHHHaKOBbie TOKH. 

npn HByxcTopoHHeM nHTaHHH 3aiuHmaeMbix 
jihhhů b cjiynae 3aMwKaHHa b 30He 3amHTbi tok 
k MecTy noBpeatHeHHa HanpaBJíaeTca % AByx 
CTOpOH. BajiaHCHaa 3amHTa b TaKOM cjiynae Moacei 
6biTb ycTaHOBjíeHa c ošenx ctopoh 3ain,Hin;aeMoro 
yqacTKa. Tokh b nOBpexcAeHHOň h HenoBpexcAeH- 
Hoň jihhhh, Kax npaBHjio, 6ynyT otjihhhm no 
BeJiHHHHe. KaacHBifi KOMnjieKT AeflCTByeT Ha otkjiio- 
neHne TOJibKO noBpexcAeHHOň jihhhh, odecnenHBaa 
TeM caMbiM ee AByxcTOpOHHee OTKjnoneHHe. 

XlBa SajiaHCHbix pejie Tuna 3B-X3M3, ycTa- 
HaBJíHBaeMbie Ha OAHOHMeHHbix <Jja3ax KaxcAOft H3 
AByx 3amHmaeMbix jihhhě, MOHTHpyiOTca b oahom 
K oxcyxe. JXnn 3am;HTbi ot MeacAy$a3Hbix 3aMbiKa- 
HHň npHMeHHIOTCfl TpH npH TpeX$a3H0M HJIH ABa 
npH AeyxcJ)a3H0M BbinojiHeHHH t3khx AByxajieMegT- 
Hbix pejie THna 3B-21. 

.□.JIH 3aiHHTH OT 3aMbIKaHHft Ha 3eMJIIO B ceTax 
c Harjiyxo 3a3eMJieHHMMH HyjieBbíMH tohk3mh npn- 
MeHaioTca pejie 3B-22, BKjnoneHHbie Ha tok Hy- 
jieBoň nocAeAOBaTejibHOCTH. Tax KaK cyMMa to¬ 
kob npn HopMajibHOM peacHMe paóoTbi paBHa 
Hyjno, tok b pejie OTcyTCTByeT h onacHOCTH He- 
ceAeKTHBHoro AeflCTBHH He co3AaeT; noaTOMy b 
KOM njieKTe 3amHTbi ot 3aMbiKaHHft Ha 3eMjno 
pejie 3B He HMeeT ynepacnBaiomeň oďmotkh Ha- 
npaaceHHH. a 

Ajih 3auiHTbi ot 3aMbiKaHHS Ha 3eMJiio b pane cayaaeB 
npaKTHHecKH MoaceT 6b!Tb npHMeHeHO h peae 3B-21, ho 
6e3 BK.noieHHH KaTyuiKH HanpHHceHHn; 3 to lado 6uBaeT 
ne;;ecoo6pa3HO, TaK KaK peae 3B-22 HMeeT H3jiHuiHe 6o.ib- 
moe conpoTHBJíeime oďmotok. 

Tok TporaHHH pejie 3B He ocTaeTCH nocTOHH- 
HblM, a H3MeHHeTCH B 33BHCHM0CTH OT BeJIHHHHbl 
imopM. Tok TporaHHH pejie 3B-21 33bhcht TaKace 
H OT BejIHHHHbl HanpHJKeHHH, nOABeASHHOrO K yAep- 
iKHBaromefl oÓMOTKe. 

ripn OTcyTCTBHH HanpHHceHHH Ha yAepjKHBaio- 
meň oÓMOTKe pejie 3B-21 pearnpyeT Ha HečajiaHC 
tokob npHMepHo b 25% npn OAHHaKOBOM Hanpa- 
BJieHHH TOKOB B páĎOHefi H T0pM03H0ft OÓMOTKaX 
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h Ha HeóaJiaHC 10% npn pa3JiHHH0M hx HanpaB- 

JieHHH (npH ĎOJIbUIHX KpaTHOCTHX TOKOB). 

PaSonne xapaKTepncTHKH hjih xapaKTepncTHKH 
TOKa TporaHHH óajiaHCHbix pejie, nocTpoeHHbie no 
A3HHHM 3aB0Aa X3M3, noKa3aHH Ha (Jmr. V, 65, 

rAe KpHBaa 1 npeACTaBJíaeT 3aBHCHM0CTb i p ot 
imopM npH 0AHH3K0B0M HanpaBJíeHHH TOKOB B‘ 
JIHHHHX H npH OTCyTCTBHH HanpHHceHHH Ha oó- 
MOTKe 3(h p =0). PeryjinpoBaHHe xapaKTepncTHKH 
mohcho ocymecTBJíHTb H3MeHeHHeM B03AymHoro 
3a3opa h HaTHHceHHeM npyxcHHH; KaK npaBHJio, 


OHO npOH3BOAHTCH TOJIbKO 33B0A0M. 

KpHBan 2 H3o6pa- 
L P A HcaeT Ty ace 3 aBHcn- 

H MOCTb, HO npH Up = 

^ // — Uhom- 

1ň __ // _ no AaHHbíM 3aB0Aa 

X3M3 pe ^ e 3B 21 

16 - ~7/ - AeňcTByeT npn mhhh- 

„„ MajibHOM T0Ke3A, a 

u 2~^f~ pejie 3B-22—1A npH 

Q^tLyÁ. -HanpnaceHHH u p = 0. 

h>V3 PaóoqaH xapaKTepn- 

*4 */ cthk 3 pejie 3B-22 

' \ I 1 ! Ha <jmr. V, 63 no- 

0 4 8 12 16 ků i mo pA Ka3aHa KpHBOfl 3. 


4>nr. V, 65. XapaKTepncTHKH TOKa 
TporaHHH óajiaHCHoro peae. 


<Pnr. V, 66. XapaK¬ 
TepHCTHKH BpeMeHH 
flefíCTBHH ÓaJiaHCHO- 
ro peae. 

BajiaHCHaa tokob3h 3amHTa HB/rneTCH 3amHTO® 
óbiCTpo^eacTByiomefíf. 3aBHCHM0CTb BpeMeHH ^eň- 
CTBHH 3aiUHTbI OT Í p &J191 pa3JIHHHbIX 3HaneHHH 
imopM npHBe,zi;eHa Ha (Jmr. V, 66. H3 xapaKTepn- 
cthk BpeMeHH ^.eňcTBHH pejie c^e^yeT, hto npH 
ipy Ma^O OT^ÍHHHOM OT MHHHMaJIbHOrO SHa^eHHH 
ip.m , BpeMH cpaóaTbiBaHHH 6 jih3ko k 1,5 nepHo^a 
h CHHHcaeTCH ro Be^HHHHbí MeHbuie nepHOAa npH 
B03paCTaHHH ip . 

npH noBpencAeHHH Ha npoTHBonojioncHOM koh- 
ue ynacTKa pa3HOCTb Mexc^y TOKaMH b ^hhhhx 
MOHC eT OKa3aTbCH He3HaHHTeJIbHOň H 3amHTa 
6yjieT HMeTb MepTByio 30Hy. npn OTKa3e samHTbi 
npHeMHoň noflCTaHUHH óa^aHCHan 3auiHTa nu- 
Taiomeň ctopohh TaxiKe He vno^eftcTsyeT. Ecjih 
nce 3anxHTa co CTopoHbí npneMHOH no^cTaHUHu 
cpaóoTaeT. h npoH3BeA6T OAHOCTopoHHeé otk^io- 
neHHe noBpexcAeHHoro ynacTKa, to BCJie^cTBHe 
nepepacnpeAe^eHHH tokob b ^hhhhx cpaóoTaeT 
6ajiaHCHan 3ani,HTa co CTopoHbí nHTaHHH. Tai<oe 
KacKa^Hoe neů CTBHe 3anxHTbi xoth h oóecne- 
HHBaeT OTKJHoneHHe, ho BpeMH, b TeneHHe ko- 




•roporo npoH 3 oňaeT ^ByxcTopoHHee 
oTK^iioHeHHe noBpeHCjj,eHHoro ynacTica, 
npH 3TOM yBe^HHHBaeTCH (npHMCpHO 
yaBaHBaeTcn). 

Ha •/ihhhbx c óa^aHCHOň 3 amnToft 
ycTaHaBJíHBaeTCH AonojiHHTe^bHaa 3a- 
uiHTa, HeoĎxoflHMaa b tom cjiynae, 

Koraa H 3 AByx napa^^e^bHUX JiHHHň 
OCTaCTCH B paĎOTe TO.flbKO OAHa, T. e. 

Korná óa^aHCHaa 3 amHTa buboautch H 3 

^eňCTBHa, hjih Korná no napa^e^bHUM 
jihhhhm npoTeKaioT HeaonycTHMbie 
CBepxTOKH. Tnn Aono^HHTe^bHOft 3a- 
IHHTbl B 3HanHTe^bHOň Mepe 33BHCHT 
ot yc^OBHft paóoTbi 3ainnmaeMoa ceTH 
n npe^TjaB^aeMbix k samHTe TpeóoBa- 
HHň. Bbi6op 3 aniHTbi h onpeAe^eHHe 
ee ocHOBHbix^jiapaMeTpoB npoH3BOAHT- 
ca, hcxoah hš Tex ace coodpaxceHHft, 
qTO n b flono^HHTe^bHoň 3 amnTe k hh- 
4 >epeHunajibHoň HanpaBaeHHOň 3 amnTe 
napa^^e^bHUx jihhhů. 

Ba^aHCHaa TOKOBaa 3 amnTa no cbo- 
CMy npHHunny aB^aeTCa 3 amnToň ao- 
CT 3TOHHO npOCTOň. OTCyTCTBHe OpraHOB 
HanpaB^eHna moiiíhocth h dbiCTpOTa 
jieňCTBna BbiroAHO oTAHnaiOT ee, Ha- 
npnMep, ot nonepeaHOň AH<|)epeHU.H- 
aabHoň HanpaB^eHHoň 3 amnTU. 

JXOCTOHHCTBO 3 amHTbI CHHXtaeTCH 
KOHCTpyKTHBHHMH HeflOCT 3 TKaMH perte 

3B X3M3, OTHOcamnMHca iviaBHbíM 

o 6 pa 30 M £ HeyflOB^eTBopaTe^bHHM 

yc^OBnaM B 03 BpaTa pejie h 3 aBHCHMOCTH 
ero TOKa TporaHHa ot yivia CABHra to- 
KOB B paóoaeň H TOpM 03 HOň OÓMOTKaX. 

TaK, HanpHMep, peae 3B-21 B03BpamaeTCH HaxeiKHO 
b HCxoAHoe nojio>Keniie ToabKo np» TOKax Hrnice 4, 5 A, 
eciiH HanpaaceHHe Ha yacp>KHBaiomei) oĎMOTice 100 V. npH 
HanpaHceHHH, paBwm Hyaio, B03BpaT pejie B03M0»ceH'T0AbK0 
npH TOKe 3 A. 

Koraa b npeaeaax 3 aiu,HinaeMOH 30 hm jihhhh a ji a 3 aiuHTbi 
ot nepeHaupaaceHHft ycTaHOBJíeHbí nenoHHbie pa 3 paaHHKH, 
TO npH HX aeflCTBHH TOK B JIHHBH AOCTHTaeT ĎOJIbUIOfí BeAH- 
■hhhm. Peae npuxojwT npw stom b aeíicTBHe h 3 aMbJKaioT 

«OHTaKTbI, HTO MOHCeT IIOB 6 CTH K HenpaBHJIbHOMy OTKJIIOHeiIHIO 

uenoBpeacAeHHOfl ahhhh, ecjiii Bpe.MH aeiícTBHa pa 3 pHAHHKa 
OKaaceTca óojibiue bpomohh aohctbhh 3 amHTU. IlpH OHCTpOM 
AeřicTBHH pa 3 psiAHHKa 3 amnTa MoaceT eme He ycneTb no- 
aeř*cTBOBaTb, h tok b ahhhh cnaaeT ao 3 HaaenHH HopMaab- 
noro Harpy 30 HHoro TOKa. Pejie npH stom aoajkho BepHYTbca 
b ncxoAHoe noaoHceHHe. Ecah, OAHaKO, b ahhhh nocae Aeň- 
ctbhh pa 3 ps)AHH«a OKaaceTCH btophhhuh Harpy 3 oaHbiH tok 
óojibine 4,5 A, to pejie 9B-21 b hcxoahoc nojionienHe He 
BepiieTca. 

Pejie 3B hmciot MeA^ennuři B 03 BpaT, hto aBJíaeTca 
TaioKe cymecTBeHHUM HeAOdaTKOM b cmhcac HcnoAb 30 Ba- 
HHH HX npH 3 aiUHTe AHHHft, Ha KOTOpWX yCTaHOBAeHM 
pa 3 pHAHHKH, Mory mne pačoTaTb MHoroKpaTHo c MaabíMH 
■HHTepBaAaMH. 

3 aBHCHM 0 CTb paóoTbi pe^e ot yrjia c^BHra 
tokob b napa^e^bHbix jihhhhx npenflTCTByeT 
npHMeHeftHio pejie HJin JiHHfiň c pa 3 HHMH HMne- 
,A 3 hCH bíMH yiyiaMH, ^to qacTO BCTpe^aeTCH Ha 



npaKTHKe (npHHaHnnajibHO óajiaHCHbie pejie aoji- 
echh óbiJin 6u pearapoBaTb To^bKO Ha pa3H0CTb 
aócoJHOTHbix 3HaqeHHň tokob). 

B aejiHx ycTpaHeHHH bo3mohchocth Henpa- 
BHJibHoro ^eflCTBHH ča^aHCHyio 3amHTy b pnae 
cjsynaeB b HacTOHmee BpeMH BbinojiHaioT b yc^oxc- 

HeHHOM BH^e. 

Ha (Jmr. V,67 npeacTaBJíeHa óajiaHCHan 3amHTa c pejie 
3B X3M3 fc [JJ. 11] ujih CHCTeMM c Harjiyxo 3a3eMJieHHOíi 
HyjieBofi to^koh. Cnocoó npHCoejiHHeHHň pe^e Ha $ Hr - 
V,67 npHBeaeH TOJibKO ^jih o^hoh 4>a3w. TpaHctjjopMaiopbi 
TOKa 1 BWÓapaioTCH TaK, htoóm npH HopMajibHOM pe- 
MCHMe JIHHHfi HX BTOpHqHWfi tok He npeBOcxomn 2,5 A. 3 to 
yjiymnaeT vcjiobhh B03BpaTa pe^e nocjie achctbhh pa3pflfl- 
hhkob, a "npw paóoTe tojimco o^hoh jihhhh bosmohíhuh 

A^HTeJIbHblii TOK BO BTOpHHHbIX OČMOTKaX TpaHC^OpMaTOpOB 
He óyaeT npeBocxouHTb HOMHHaJibHoro TOKa. 

KoMiuieKT pejie 2 npeaycMaTpHBaeT 3amHTy jihhhh ot 
M e>Kay<í>a3Hbix noBpeiKjieHHH, komíijickt 3 — ot 3aMbiKaHHH 
Ha seMjiio (ojihh KOMnaeKT na Bce TpH 4> a3H )* 

MaKCHMajibHbie TOKOBwe pejie 4 THna 3T-61, BKJiioHeH- 
Hbie Ha pa3H0CTb tokob, y ctbhob jieHbí c uejibio ycTpaHeHHH 
JteHCTBHH 3amHTW npH paÓOTe JieHOHHblX pa3pHAHHKOB. 
Pejie HMeioT óojiee óbicTpwS B03BpaT, qeM,6ajiaHCHbie pejie, 
h npeaoTBpamaioT cobmcctho c npoMOKyTOHHUMH pejie 7 
HenpaBHJibHyio pa6oTy 3amHTbi KaK npH OAHOKpaTHOM, Tax 
H ftiporOKpaTHOM A6HCTBHH yKa3aHHHX pa3pHAHHKOB. 
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Tok TporaHHH peae 4 BMÓHpaeTca óojibiiie Tona He6a- 
jiaHca npn MaKCHMaabHOM narpy3Ke. 

MaKCHMaabHbie TOKOBbie peae 5 h 6 BKJiioqeHbí Ha 
pa3H0CTb tokob HyaeBOH nocaeflOBaiejibHOCTH b jihhhhx; 
ohh HM 6I0T Ha3HaqeHHe ÓJioKHpoBaTb AeftcTBHe pejie 2 npH 

3aMbIK3HHHX Ha 3eMJHO. 

npH OAHO$a3HWX 3aMHK3HHHX Ha 3eMJIK) H K3CK3AHOM 
OTKJHO^eHHH IIOBpeHCAeHHOH JIHHHH CO CTOpOHb! IipHeMHOH 

noflCTaHUHH tok b ee HenoBpeHCAeHHbix $a3ax OTcyT- 
dByeT. noaTOMy TopM 03 Horo jieHCTBHH b pejie 2, ycTaHOB- 
jieHHbix Ha Tex ixe <j*a3ax HenoBpeHCAeHHOfí jihhhh co cto- 
pOHfal IIHTaHHH, HeT H OHH MOryT HCCeJieKTHBHO nOfleHCTBO- 
BaTb ot Tona HyaeBoň nocjieAOBaTejibHOCTH. Bo3M0HCH0CTb 
HecejieKTHBHoro achctbhh pejie 2 
b ashhom cjiyqae HCKJiioqaeTCH 3 a 
cqeT pa3pwBa ijenn onepaTHBHoro 
Tona Ha KOHTaKTax pejie 5 h 6. 

Tok TporaHHH pejie 5 h 6 bh- 
ÓHpaeTCH óojibwe MaKCHMaabHoro 
TOKa HečaaaHca npn Me>Kjiy(Ja3Hhix 
3aMbiKaHHHx b 3amHmaeMofi 30He 
AAH npeAOTBpameHHH HenpaBHjib- 
hoto BUBOAa H3 pačoTbi MeHCAy<})a3- 
Horo KOMnaeKTa. npoMencyToqHbie 
peae7 BUÓHpaioTCH C03HaieabH0 c 

HeCKOJlbKO 3aMeAaeHHbIM AeíiCTBHeM 

c TeM, htoów 3amHTa He ycnejia cpa- 

ÓOTaTb npH AeHCTBHH pa3pHAHHKOB. 

ycTaHaBjíHBaeTCH oóhhho peae th- 
na 311-231 X3M3, HMeiomee BpeMa 
A6HCTBHH nOpflAKa 3—4 nepHOAOB. 

B cxeMe npeAycMOTpeHa B3a- 
HMHaa óaoKHpOBKa npoMeHcyToq- 
Hbix bwxoahwx pejie 7 h hx Aeíí- 
CTBHe c npHaH.naHHeM (noAaqa 
onepaTHBHoro Tona na oÓMOTKy 

qepe3 coĎCTBeHHwe KOHTaKTbi). 3to 
cnocoócTByeT HaAeaíHOMy 3aMWKa- 
HHK) KOHTdKTOB KOMiuieKTa noBpe- 
4>nr. V,68. npHMep íka^hhoh aHHHH h nocpeacTBOM 

B03MoiKHoro Hecejiei$- pa3pwBa uenn nHTaHHH npoMexcy- 

THBHoro AeHCTBHH 3a- TOHHoro BbixoAHoro peae HenoBpe- 

mHTbi npH HeoAHOBpe- hcachhoíi aHHHH ycTpaHHeT íienpa- 

MeHHOCTH pa3pwBa BHabHyio pačoiy 3amHTb! npH ee 

paČOHHX H ČaOKHpyiO- KaCKaAHOM AeHCTBHH. OnaCHOCTb 

IUHX KOHT3KTOB BU- HeceaeKTHBHOrO OTKaiOqeHHH Heno- 

KaionaTean. BpencAeHHOH jihhhh MoaceT HMeTb 

MecTO b npeACTaBaeHHOM Ha <j>Hr. 
V, 68 cayqae. Ilpn noBpexcAeHHH Ha oahoh H3 aHHHH b 30He 
KacKaAHoro acííctbhh 3amHTH 1 b nepByio oqepeAb paóoTaeT 
óaaaHCHaa 3amnTa 2 ToabKO c oahoS CTopoHbi. 

Paóoqne KOHTaKTbi BbíKJiioqaTeJiH npn stom MoryT 

pa30MKHyTb uenb noBpe&AeHHOH aHHHH paHbine, qeM 
óaoK-KOHTaKTbi Ha ero Baay ycneiOT pa3opfeaTb uenb no- 
CTOHHHOrO TOKa. 

3a npoMeacyTOK BpeMeHH Meacay pa3M.WKaHHeM paóoqnx 
KOHTaKTOB BHKJiioqaTejiH noBpeacAeHHOH jihhhh h koht3ktob, 
pa3pMBaK)mHx uenn nocTOHHHoro TOKa, óaaaHCHaa 3au*HTa 
npH OTCyTCTBHH AOnOJIHHTeJIbHOft ÓJIOKHpOBKH, pa3pbIBaíO- 
mefi uenb nocTOHHHoro TOKa, MonceT ycneTb HeceaeKTHBHo 
noAeHCTBOBaTb Ha oTKaioqeHHe HenoBpeiKAeHHOH aHHHH. 

ílpH 3aiHHTe aHHHH, He HMeiOmHX AeHOHHWX pa3p«AHH- 
kob, HeoóxoAHMocTb b ycTaHOBKe peae 4 OTnaAaeT. B 

OTAeabHwx cayqanx OTnaAaeT Heo6xoAH moctb h b ycTaHOBKe 
peae 5, 6 h 7, ecan no ycaoBHHM paóoTW HeT HeoóxoAHMO- 
CTH BUBOAHTb H3 AefíCTBHH KOMnaeKT 3aU(HTbI OT MeiKAy* 
$a3HbIX 3aMbIK3HHH npH 3aMbIK3HHHX Ha 3eMaio H KOT^a He 
TpeóyeTCJi b33hmh3H čaoKHpOBKa OTKaioqaiOLAHx ueneň. 

3oHa KacKaAHoro AeHCTBHH óaaaHCHOH 3a ihhtu npn oaho- 
dopoHHeM nHTaHHH aHHHH MOHceT 6biTb onpeAeaeHa, hcxoah 
H 3 TexHce ycaoBHÍI, hto h npn onpeAeaeHHH 30 hh KacKaAHoro 
AeHCTBHH Aan HanpaBaeHHOH AH^epeHuHaabHOH tokoboh 

3amHTbi. 

Tokh b paóoqeň h topmo 3 hoh p6M0TKax peae MoryT 

ÓbJTb BbJpaiKeHU COOTHOHieHHHMH; 



) (V,79) 

‘li — ~2 J~ ( *1 + 'li) (V, 80) 


3oHa KacKaAHoro AeficTBHH onpeAeaaeTCH [JI. 12] BeaHqHHoň 



í>Hr. V, 69. 3aBHCHMOCTb sohh KacKaAHoro aeScTBHH 3amH- 

Tbl OT TOKa KOpOTKOrO 33Mb!K3HHH. 


Ecaw npHHHTb i x — / n = i p . m h yqecTB, hto + i n — 
= Í Ki TO npH H3BeCTHbIX 3H3qeHHHX TOKa KOpOTKOTO 33MH- 

k3hhh i K = — h TOKa TporaHHH peae i p . m 3oňa KacKaAHO- 
O AeHCTBHH " lx _±^ L 

3a tok I K npHHHMaeTca opneHTHpoBO^Ho tok npn ko- 
POtkom 3aMbiKaHHH Ha uiHHax npneMHoA noacTairuHH. 
3HaieHHe I K npejinoaaraeTca HeH3MeHHUM He3aBHCHMo ot /. 

Ha ^ht. IV.69 npeACTaBJíeuM 33bhchmocth l x ”/o = 
=/(/ I _J_ i' n ) npn pa3aHHHUX 3iiaqennHx yaepiKHBaiomero 

HanpaweHHH. 3Haa i x 4- íjjas—, 30Hy KacKaAHoro aeii- 

ftm 

ctbwh mo/kho onpefleaHTb no cooTBeicTByiomeii k p hb oíí b 
nponeHTax ot odměň aanHbí jihhhh. 

KpHBue $Hr. V,68 nocTpoeHM no paóoaefl xapaKTepH- 
CTHKe 6ajiancHoro pejie ij sssý[i n ) ruin, hto to )Ke, ip=f(l mo pM) 
, npH lip = const. no pa6oaeň xapaKTepncTHKe onpeaeaaeT- 
ca Jj —Jji = / (ij -f- ťjj). no 3HaaeHnaM (i\ —/ It )H (í'i-|- 

+ /jj) onpeaeaaetca"lOOsrs/% h CTpowca 33 bhch- 
MOCTb l x °/o = /(7, +/JJ). 

IlpeHMymecTBa 3am ht bi. 3am«Ta ot- 
HocHTe^ibHO npocTa h mohcct npnHixnnHa^ibHo 
HMeTb MeHbinee BpeMH AeftcTBHH, qeM 4HcJ)epeH- 
UHa^bHas HanpaB^eHHaa 3amuTa. Heo6xo^HMo, 
OXHaKO, OTMeTHTb, HTO IipaKTHHeCKOe BbinO^He- 
Htie 3aiHHT Ha cymecTByíomeM oĎopyjiOBaHHH 
AaeT hhx cxeMbi npHMepHo oahh3koboí) 

caojkhocth h BpeMeHH AeňCTBHH (npn yqeTe 

AeHOHHWX pa3pHAHHKOB). 

HeAocTaTKH 3am ht w: 1) TpeSyeT Ha^iH- 
HHH AOnOAHHTeAbHOÍi 3afflHTbi; 2) HMeeT 30Hy 

KacKaAHoro AeňCTBHa; 3) MoaceT 6wTb npHMeHeHa 

TOJIbKO C TOft CTOpOHH 3aiHHmaeMbIX c 

KOTopofl HMeeTca nocTOHHHOe nHTaHHe; 4). He- 
AOCTaTOHHO COBepmeHHaH KOHCTpyKUHH MHOTHX 

óaAaHCHwx peAe t a hacthocth, pejie 3B X3M3. 




TJIABA IUECT45I 

HAI1PABJIEHHA5I 3ALUHTA C EJIOKHPOBKOfi 


1. nPHHU,Hn AEňCTBHfl 

HanpaB^eHHOň 3 a m h t o fi c 6jiokh- 
pOBKoň Ha3biBaeTCH 3aiu,HTa, ocHOBaHHaa Ha 
cpaBHeHHH HanpaB^eHHft moihhocth c oóenx cto- 
pOH ahhhh. OHa aeňcTByeT TOAbKO b tom c/iyqae, 
Korná moihhoctb Ha oóohx KOHuax 3amHmaeMoro 
yqacjKa HanpaBjíeHa ot uihh b ahhhio. 

Ilpn HOpMaJIbHOfi paĎOTe H CKB03HHX KOpOT- 
khx 3aMbii<aHHax HanpaBAeHHe moihhocth Ha očohx 
KOHuax jihhhh OAHHaKOBO, HanpHMep, cneBa Ha-' 
npaBO ((Jwr. VI,1). Ilpn btom Ha neBOM KOHue 
ahhhh MomHOCTb HanpaBjíeHa ot qihh b ahhhio, 
Ha npaBOM ot ahhhh k uiHHaM. IloaTOMy KOMn- 
aeKTbi pe^e, ycTaHOB^eHHue c oóeHx eropoH 3a- 
iHHmaeMoro yqacTKa, He cpačaTUBaioT. IlpH no- 
BpeHc^eHHH Ha AaHHoň ahhhh b CAyqae AByxcTO- 
pOHHero nHTaHHH HanpaBJíeHne moihhocth c OAHOň 
H3 CTopoH MeHaeTca Ha oópaTHoe (<i>Hr. VI, 2). 


3th 3amHTH no npHHHiiny AeňcTBHH paĎOTaioT 
m/ibKO np« noBpeacAeHHHx Ha 3 amHmaeMOM 
yqacTKe. floaTOMy ohh He TpedyioT coraacoBaHHsi 
cbohx BHAepHceK BpeMeHH c 3amnTaMH cMeatHbix 
yqacTKOB h Moryi 6biTb BbinonHeHbí MrHOBeHHO- 
AeflcTByiomHMH. Hx BpeMH cpa6aTUB3HHH onpe- 
Ae^aeTCH TOAbKO COÓCTBeHHHMH BpeMeHaMH MrHO- 
BeHHHx peAe, bxoahihhx b 3aiHHTy, h b hckoto- 
pbix BapnaHTax cocTaBnneT BeAHqHHy nopaAKa 
OAHoro—Tpex nepHOAOB TOKa npoMumaeHHoň 
qacTOTU. 

2. nPHHU,HFlbl BbinOJIHEHHfl CXEM 

no cnocoóy BunoAHeHHH ÓAOKHpyromHx 
ycTpoňCTB, nepeAaromnx CHrnanu o HanpaBJíe- 

HHH MOIHHOCTH C OAHOTO KOHH 3 AHHHH Ha Ap>TOS, 
CXeMbl HanpaBJíeHHUX 33 IHHT C ÓAOKHpOBKOň 
pa 3 Ae^HH>Tca Ha ABe rpynnu: 


—*——1_ř- 
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<í>Hr. VI,1. 


HanpaB.rieHHe moihhocth no kohikim jihhhh npn 

CKB03H0M 3aMbIKaHHH. 


4>ht. VI, 2. HanpaBaeiiHe mouihocth no kohuam jihhhh npK 
noBpe)KnennH Ha Heft. 


MomHOCTb c o6eHx ctopoh 0Ka3biBaeTca HanpaB- 
AeHHofl ot mHH BHyTpb noBpewAeHHOň ahhhh, h 
noc^eAHaa OTKAioqaeTCH. ĚOAbuiHHCTBO cyme- 
CTByioiHHx cxeM, KaK noKa3aHO HH»ce, oSecneqH- 
BaeT Taxace AeňcTBHe 3amHTbi Ha ahhhhx c oaho- 

CTOpOHHHM nHTaHHeM. 

CpaBHeHHe HanpaBAeHHfi moihhocth Ha koh- 
uax 3amHmaeMoro yqacTKa ocymecTBAHeTCH 
nOCpeACTBOM CneHHaAbHbIX ĎAOKHpOBOqHbIX 
yCTpoňcTB. Ohh nepeAaiOT cnrHaAbi o HanpaBAe- 
hhh moihhocth b MOMeHT noBpeacAeHHH c oaho- 
ro KOHHa ahhhh na Apyroň. 

,5ah nepeAaqn CHrHana MoryT 6«Tb HcnoAb- 

30BaHbi: 

1) nocTOHHHbiň tok, nepeAaBaeMbifi Ha Apyroň 
KOHen ahhhh no BcnoMoraTe^bHbíM npoBOHaM; 

2) tokh BbicoKOfl naCTOTM (o6hhho 50000-s- 
150000 Hz), nepeAaBaeMwe Ha Apyroň kohch no 
npOBOABM 3 aiHHmaeMOň BHCOKOBOAbTHOfi ahhhh; 

3) tokh čojiee hh3Khx qacTOT, nepeAaBaeMue 
no BCnOMoraTe^bHbíM npoBOAaM; 

4) paAHO, nocpeACTBOM HanpaBAeHHoro H3Ay- 
neHHH yAbTpaKopOTKHX bo^ih Ha Heóo^buiHe pac- 

CTOHHHH. 

B HacToamee BpeMH npHMeHHioTCH nepBbie 
ABa cnocoóa, npHHeM BTopoň HaHčoAee pacnpo- 
CTpaHeH. 3aniHTU C BblCOKOnaCTOTHOfi Ó^OKHpOB- 
KOfi qaCTO A-nfl KpaTKOCTH H33bIBaiOTCH He BIIO^He 
TOHHO BMCOKOHaCTOTHblMH. 


1) CXeMU C AfeČAOKHpOBKOfi, B KOTOpbIX Ha- 

AHHHe Tona b KaHajie cbh3h MeacAy oÓohmh koh- 
H3mh 3aiHHiHaeMOů ahhhh pa3pemaeT ee otkaio- 
qeHHe; 

2) CXeMbl C ĎAOKHpOBKOň, B KOTOpbIX H3AKqHe 
Tona b KaHa^e cbh3h npenaTCTByeT OTKAioqeHHio 
3aiHHiHaeM0ň ahhhh. 

KaacAHň H3 yK33aHHHX Bbirne npHHHHnoB neň- 
CTBHH ÓAOKHpyiOIHHX yCTpOňCTB BblnOAHHCTCH B 
AByx BapnaHTax: c npOTeKaHHeM toio no KaHany 
CBH3H TOAbKO B MOMeHT nOBpeiKACHHH H C nO- 
CTOHHHOfl HHpKyAHUHeň TOKa HO KaHaAy CBH3H 
npn HopMaAbHoň paóoTe. B pe3yAbTaTe noAyqaioT- 
ch qeTHpe npHHHnriHaAbHux cxeMbi BbinoAHe- 
HHH 33IHHT, ACňCTBHe KOTOpMX paCCMOTpeHO 
HHMCe. 

CxeMa c fleĎJioKHpoBKoň h npoTOKHHHeM TOKa ku 
KaHany CBH3H ToJibKO b momcht noBpelKfleHHH (ijnir. VI, 3 ). 
Ha jihhhh c flByxcTopoHHHM nuTanneM cxeMa paSoiaeT 
cnenyiouiHM o6pa30M. B momcht bo3hhkhobchhh noBpe*ae- 
hhsi cpačaTUBatoT nycKoeue opranw / HanpaBaeHHbix 33ihht 
MTHOBeHHoro neřcTBHH, ycTaHOBaeniibix c oCenx ctopoh 3amH- 
maeMoro ynacTKa. Pejie HanpaBJíeHHH moihhocth 2 BKaioMe- 
Hbi, KaK h y apyrax thiiob nanpanaeHHbix 3amaT. Ohh aeR- 
CTByioT, 3a.MbiKafl KOHTaKTbi, npn iianpaB.ieuHH sHeprHH oi 
ihhh b jihuhk). ílosTOMy npn noBpe>KacHHH Ha 3auiHuiaeMoR 
jihhhh paĎOTaiOT o6a peae HaripaBaeniM mouihocth, noaa* 
Bán -f- Ha oďmotkh npoMeacyTOiHHx peae 3 h KOHTaKTU 
peae 4 . ripoMeHcyTOMHHie peáe 3 cpaSaTbiBaior, nocbiaan no- 
KaHaay CB33H Ha npoTHBonoaoacHuR KOHeu. jihhhh cnnia.i o 
tom, hto Ha A3hhom Koupe MomHOCTb nanpaBJíeHa ot uihk 
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e jihhhk). 9th cHrHajibi npHHHMaiOTCH pejie 4, KOTOpwe, cpa- 
^5 ot3b, pa3peinaioT OTKJiioqeHHe jihhhh c očenx CTOpOH. 
HMnyjibc Ha OTKJiioqaioiuHe KaiymKH BbiKJiioqaTejieH no- 
„naeTCH qepe3 KOHTaKTbi pejie 7, 2 h 4. IIpn noBpeacueHHH 
3He 3aniHmaeMOH 3 ohw pejie 2, yciaHOBneHHoe c toh cto¬ 
poh bi jihhhh, rjxe MomHOCTb HanpaBJíeHa ot jihhhh k rnnHaM, 
He paóoTaei, noaTOMy h 3am,HTa b nejioM Ha stoh CTopOHe 
ne noueňcTByeT, xoth pa3pemaioiuHH HMnyjibc ee pejie 4 n 
6y.neT npnHHT. ťlepe,naqH no KaHaJiy cbh3h pa3pemaiomero 
íiMnyabca Ha npOTHBonojiOKHbiň KOHeu jihhhh, rjxe SHeprHH 
HanpaBJíeHa ot hihh b jihhhio, Taxace He np0H30H,aeT. Ilo- 
9TOMy xoth pejie 1 n 2 na npoTHBonojioaoioH CTopoHe h 
íiojiencTByioT, 3aiuHTa b ueaoM He cpačoiaeT h oTKJiioqe- 
:íhh BbiKjnoqaieaH He npcH3BeaeT. 



<$Hr. VI,3. CxeMa HanpaBJíeHHOH 3amHTbi c aeójioKHpoBKOií 
^npo TeKaHI * eM T0Ka no Ka waJiy cbh3h TOJibKo b momcht 
noBpeMCAeHHH. 



VI, 4. CxeMa HanpaBJíeHHOH 3amHTbi c aeÓJioKHpOBKOH 

H nOCTOHHHOH UHpKyjIHUHeH TOKa no KaHaJiy CBH3H. 

ÍIpH OAHOdopoHHeM nHTaHHH Mecia noBpencfleHHH cxe- 
Ma He jieHCTByeT, Tax xax HanpaBJíemiaH 3aiUHTa, yciaHOB- 
jieHKaa co CTopoHbí, He HMeiomeň nHTaHHH, He cpaóaTbiBaeT 
n nosTOMy He nocbiJiaeT HMnyjibca, pa3peuiaioiuero otkjiio- 
Menne Ha peae 4 nKTaiomen ctopohw. no TeM me cooópa- 
}«eHHHM 3amHTa He cpaóaTbiBaeT h npH HajinqHH AByxcTo- 
poHHero nHTaHHH b tom cjiyqae, Koma nycKOBbie opraHw 7, 
ycTaHOBaeHHbie c oahoh h3 ctopoh noBpeaqieHHOH jihhhh, He 
jnewcTByiOT BCjieacTBHe HejiocTaToqHOH qyBCTBHTejibHOCTH (Ha- 
npHMep, TOKOBbiH nycK 3a cneT HenocTaTOHHOH BejiHqHHH flefi- 
CTByiomeH Ha Hero cjiaraiomeň to na b MecTe noBpeHcjieHHH). 

PaccMaTpHBaeMan cxeMa npaBHjibHo <J)yHKUHOHHpyeT, 
OTKjnoqan MecTO nOBpencji.eHHH, TOJibKO npn ncnpaBHOM co- 
CTOHHHH KaHaJia CBH3H. nOSTOMy OHa He MOHCeT npHMeHHTbCH 
b Tex cjiyqanx, Koraa BepoHTHbíM cJieacTBneM noBpexmeHHH 
3aiuHmaewoH jihhhh hb jihctch HapymeHHe KaHajia cbh 3 H. 
Tax, HanpHMep, OHa He mohcct npHMeHHTbCH ajih 3amHT c 
BblCOKOqaCTOTHOH ÓJIOKnpOBKOH, OCyiUeCTBJIHeMOH no npo- 
BojiaM caMOH 3amHiuaeMOH jihhhh. 

BBHfly yxasaHHbix Bbíme HeaociaTKOB qxeMa He HaxojiHT 
flJiH ce6n npHMeneHHH Taxíce h npH KaHaaax cbh3h, He Ha- 
pymaeMbix b MOMeiiTbi B03HHKH0BeHHH noBpencjieHHS. 

CxeMa C HeÓJIOKHpOBKOH H nOCTOHHHOH UHpKyjIH- 

uneň Toxa no KaHany cbh 3 h ((Jmr. VI, 4). B juihhoh cxeMe 
tok npoTeKaeT no KaHaay cbh3h b reqeHHe Bcero Bpe&ieHH 
aopMajibHOH paóoTbi 3amHmaeM0H cem 
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OpH B03HHKH0BeHHH nOBpeXCHeHHH B JHOČOÍf TOHKe CeTH 

(Ha 3amnmaeMOH jihhhh hjih BHe ee) 3amHTa HaqHHaeT jiefi- 
CTBOBaTb cjiejiyiomHM o6pa30M. CpaóaTbiBaioT nycKOBbie 
opraHbí 7, 3anycKan pejie HanpaBJíeHHH moiuhocth 2, HanpH¬ 
Mep, nocpencTBOM noflBeneHHH k hhm HanpnxceHHH. KpoMe 
toto, 3aMbiKan^ cboh KOHTaKTW, ohh noaaiOT + qepe3 
HOpMaJibHO 3aMKHyTbie KOHTaKTbi pejie 2 na npoMexcyToqHbie 
pejie 3. Peae 3 pa3pbiBaiOT npn stom ij^nb TOKa, nHpxyjiH- 
pyioiixero no KaHajiy cbh3h h pa3pemaiomero oTKaioqeHHe. 
noaTOMy pejie 4 pa3MbiKaiOT cboh HopMaJibHo 3 aMKHyTWH 
KOHTaKT, pacnoJioxceHHbiH b uenn OTKjiioqeHHH BbiKJiioqaTejieH. 

npH CKB03H0M KOpOTKOM 33MbIKaHHH CpaÓaTbIBaeT flO- 
nojiHHTejibHO k nepeqHCJieHHbíM Bbíme peae -HanpaBJíeHHH 
moiuhocth 2, ycTaHOBJíeHHoe c nKTaiomeň ctopohw. Oho 



4>nr. VI, 5. CxeMa c ójiokhpobkoh h npoTeKaHHeM TOKa no 
KaHajiy cbh3h tojibko b momcht noBpeiKueHHH. 

3aMbiKaeT cboh BepxHHii koht3kt h pa3MUKaeT hhhchhh. npH ^ 
3 tom pejie 3 nKTaiomeH ctopohm oóecToqHBaeTcn h BHOBb 
3aMUKaeT CBOH KOHTaKTbI. OTKJIÍOqeHHH, OJlHaKO, np0H30HTH 
He MoxceT, Tax KaK paspemaioiunn tok b KaHajie 3apaHee 
^biJi chht h nonpe>KHeMy ocTaeTCH chhtwm nocpejiCTBOM 
peae 3 npneMHoS CTopoHbí h pejie 4 nniaioiuen CTopoHbí 
AepHCHT KOHTaKTbI pa 30 MKHyTbIMH. 

n P H noBpexcueHHH BHyTpH saiuHiuaeMOH 30hw ueň- 
CTByioT pejie HanpaBJíeHHH moiuhocth 2 c oóenx ctopoh jih¬ 
hhh h CHHMaioT c pejie 3. nocjieuHHe B03Bpamai0TCH 
b HcxouHoe noJioxceHHe, BOCCTaHaBjíHBan paspemaiomyio 
uenb TOKa b KaHajie cbh3h. 3amHTa oóenx ctopoh qepe3 
BepxHHii KOHTaKT pejie 2 h 33MKHyTbiH KOHT3KT pejle 4 npo- 
h3bojiht OTKJiioqeHHe noBpexcjieHHOň jihhhh. 

npH noBpeiKAeHHH Ha jihhhh c o^hoctopohhhm nHTa- 
HneM nycKOBOH opraH c npneMHOH CTopoHbí He ueňcTByeT. 
nosTOMy nocjie cpačaTUBaHHH c nKTaioiuen ctopohw pejie 2 
jihhhh npaBHJibHO OAHocTOpOHHe OTKJnoqaeTCH. 

Kax h Bce cxeMbi c aeójiOKHpoBKOH, paccMaTpHBaeMan 
cxeMa mohcct npaBHJibHO ^yHKUHOHHpoBaTb, OTKJnoqan no- 
BpexcjieHHe, TOJibKO npH ncnpaBHOM xaHajie cbh3h. noaTOMy 
OHa npHMeHneTCH jijih ocyiueCTBjíeHHH HanpaBJíeHHbix 3aiUHT 
c ójiokhpobkoh no BcnoMoraTejibHbíM npoBouaM nocpeji- 
ctbom, HanpHMep, nocTOHHHoro TOKa. HajiHqne noČTOHHHO 
unpKyjiHpyioiuero TOKa no KaHajiy cbh3h ,aaeT npn stom 
B 03M0HCH0CTb JieTKO BbinOJIHHTb KOHTpOJIb, paÓOTaiOIUHÍI npH 
Hcqe3HOBeHHH TOKa b xaHajie. 

' ECJIH npH CKB03H0M KOpOTKOM 3aMbIK3HHH HMnyJIbC Ha 
OTKJiioqeHHe nocpejiCTBOM pejie 2 6y^eT no^aH paHee, qeM 
peae 4 pa30MKHeT cboíI KOHTaKT, MoaceT npoH30HTH Hece- 
jieKTHBHoe ueňcTBHe 3aiuHTbi. npejioTBpameHHe stoto ji o- 
CTHraeTCH COOTBeTCTByiOIUHM nO,n6opOM COĎCTBeHHbIX BpeMeH 

jieHCTBHH oTiiejibHbix sjíeMeHTOB cxeMbi. B HeKOTopux cjiyqanx 

3TO npHBOUHT K yBeJIHqeHHK) BpeMeHH JieMCTBHH 3aiUHTbI. 

CxeMa c G^OKHpOBKOň h HaJiimneM TOKa b 
KaHaae cbh3h TOJibKO b MOiweHT nóBpewAeHHH 
(4>hf. VI, 5). B cxeMax c Ď^oKHpOBKoň tok b KaHaae 
cbh3h npenaTCTByeT OTK^roqeHHio. B aaHHOfl 
cxeMe 3 to ocyiuecTB-naeTCH c^eAyioyiHM o6pa30M. 



B MOMeHT B03HHKH0BeHHH nOBpejKAeHHH B 
jiřoóož Tonxe ceTH cpa6aTbiBaK)T nycKOBbie op- 
raH u /, 3anycxaa pejie HanpaBJíeHHH moihhocth 2 
h nocbuian nepe3 HopMajibHo saMKHyTbie xohtbx- 
Tbi nocjieAHHX ÓJioKnpyiomHe HMnyjibCbi Ha npo- 
Me^KyTOHHbie pejie 3 xax a^iihoh cTopoHbí jihhhh, 
Tai< h npoTHBono^oxcHoň. 

npH CKB03H0M KOpOTKOM 3aMbIKaHHH peJie 2, 
ycTaHOBJíeHHoe c nHTaiomeň CTopoHbí, cpaóaTbi- 
BaeT, pa3MbiKaeT CBOň xoHTaxT h CHHMaeT 6jio- 
KHpyiomHň HMnyjibC. OAHako pejie 2* npneMHoň 
CTopoHbí, r^e MomHOCTb HanpaB^eHa k niHHaM, 
ocTaBjíneT cboh KOHTaKTbi 3aMKHyTbiMH. Mepe3 
hhx npoAOjiHcaeT noAaBaTbcn ÓJioxHpyiomHÍi hm- 
nyjibc Ha pe;ie 3 oóenx ctopoh jihhhh. IlosTOMy 
pejie 3 AepxcaT cboh KOHTaKTbi pa30MXHyTHMH h 
3amHTbi noaeňcTBOBaTb He MoryT. ripn stom ajih 
npeAOTBpameHHH HenpaBHjibHoro achctbhh 3a- 
mHTbi coócTBeHHoe BpeMH BbixoAHoro npoMexcy-. 
TOHHOrO pejie 4 AOJI5KHO ÓbITb AOCTaTOHHblM JXň% 
Toro, qToóbi He cpaóaTbiBaTb ao Toro MOMeHTa, 
noxa pejie 3 pa3MbiKaeT cboh xoHTaxTbi. C stoh 
me uejibio npn npaxTHnecxoM ocymecTBJíeHHH 
cxeM CTpeMHTCH noAaBaTb ójioxHpyiomHň hm- 
nyjibc Kax moxcho óbiCTpee BCJieA 3a bo3hhxho- 
eeHHeM noBpexcAeHHH h npHMeHHTb ajih pejie 3 
cneunaJibHbie cxeMbi BXJnoneHHH (cm. HH3Ke). 

Flpn noBpe^cACHHH Ha 3aummaeMoů jihhhh 
cpaGaTbiBaioT, pa3Mbixan cboh KOHTaKTbi, pejie 2 
c o6enx ctopoh. BnoxHpyiomHe HMnyjibCbi chh- 
MaiOTCH H JIHHHH OTXJIIOqaeTCH. 

OpH OAHOCTOpOHHeM nHTaHHH nycKOBbie op- 
raHbí c npneMHOň CTopoHbí cpačaTbiBaTb He 
AOAxcHbi. noaTOMy nocjie AeftCTBHH pejie 2 c nH¬ 
Taiomeň CTopoHbí ĎJioxHpyiomHx HMnyjibCOB Ha 
3amHTy noAaBaTbcn He 6yAeT h jihhhh npaBHjib- 

HO OTXJHOHHTCH CO CTOpOHbl nHTaHHH. 

PaóoTa paccMOTpeHHOň cxeMbi, Kax h Apyrnx 
cxeM c ĎAOKHpoBKoft, He HcxaacaeTcn npH Hapy- 
meHHH CBH3H B MOMeHT noBpexcACHHH Ha 3amH- 
uxaeMOM ynacTxe. Oó^HCHneTCH sto TeM oóctoh- 
TeJIbCTBOM, HTO npaBHJIbHOe (J^yHKllrHOHHpOBaHHe 
KaHajia cbhsh TpeóyeTCH TOJibxo npn CKB03Hbix 
KOpOTKHX 3aMbIKaHHHX, KOrA& nOCblJiaiOTCH 6jio- 
KHpyK)LU,He HMnyjIbCbl. npH BHyTpeHHHX noBpexc- 
AeHHHX ÓAOKHpOBKa He HCnOJIb3yeTCH. B CBH3H 
c sthm AaHHan cxeMa b HacTonmee BpeMH ihh- 
pOKO npHMeHHeTCH AAH HanpaBAeHHbIX 3aiIJHT c 
BbicoKonacTOTHOň ČJioxHpoBxoň. B xanecTBe xa- 
Hajia CBH3H AJIH HHX HCnOJIb3yiOTCH npH STOM 
npoBOAa caMOň 3amnmaeMoň jihhhh. BbinoJiHen- 
hsh TaxHM oópa30M cxeMa MOHceT cpaóoTaTb 
HenpaBH^bHo b tom cjiynae, ecjrn b momch^t 
CKB03H0r0 XOpOTKOrO 3aMHXaHHH np0H30ňACT 
OAHOBpeMeHHoe HapymeHHe HcnpaBHOCTH 3amH- 
maeMoň jihhhh hjih OTxaxcyT annapaTbi, co3Aaio- 
mne Ď^OKnpyiomHe HMnyjibCbi. npaxTHqecxan 
sepoHTHOCTb sToro, OAHaxo, BecbMa Ma^a. 

CxeMa C ÓJIOKHpOBKOň H nOCT05IHHOH UHpKyJiaUHeH 
Tona no xaHajiy cbh3h ((Jíht. VI, 6). Ilpn noBpe>KAeHHH 


BHyTpn 3amHmaeMon 3 ohm h jiByxcTOpOHHeM nHTaHHH cpa- 
óaTbiBaiOT nycKOBbie opraHW 1 h pe^e HanpaBJíeHHH Mom- 
hocth 2 c oóenx ctopoh ^hhhh. npH 3 tom npoMencyTOHHbie 
pe^e 3 noayqaioT nniaHne, pa3MbiKaioT cďoh KOHTaKTbi h 
npepbiBaioT ó^oKnpyiomHH tok b KaHajie cbh3h. Peae 4, 
AepHcaBinne no.n Bos,neHCTBHeM ó^OKHpyiomero Toxa cboh 
KOHT aKTbl p330MKHyTbIMH, 3aMbIK3K)T HX. Hepe3 K 0 HT 3 KTbI 

pe^e i, 2 h 4 OTKjnonaiOTCH BbiKjnoqaTe^H c oóewx ctopoh 

JI HHHH. npH CKB03H0M KOpOTKOM 33MbIKaHHH peJie 2 C IipHCM- 
hoh CTopoHbí, r^e MomHOCTb HanpaBJíeHa k niHHaM, He cpa- 
óaTbiBaeT. IlosTOMy ĎJioKHpyioiAHH tok npOiiojiHcaeT, Kax h 
npn HopMajibHOH paóoTe, no,naBaTbCH Ha pejie 4 oóeHX cto- 
poH. B pe3yjibTaTe 3amHTa He cpaóaTbiBaeT. 



4>Hr. VI,6. CxeMa C 6 jI0 KHP0BK0H H noCTOJIHHOH UHpKJJIH- 
UHeíi TOKa no KaHajiy cb« 3 h. 

Ilpn OflHOCTopoHHeM nHTaHHH nycKOBOH opraH /wpejie 
HanpaBJíeHHH moihhocth 2, yciaHOBjíeHHbie c npneMHOH cto- 
pOHU, JieHCTBOBaTb He flOJIHCHW. B CBH3H c 9THM ÓJIOKHpy- 
ioihhh tok npo,nojiHcaeT unpKyjiHpoBaTb no KaHajiy cbh3h, 
pejie 4 nHTaiomero KOHua ociaeTCH 3a6jiOKHpOBaHHbiM h 
3aiuHTa paóoTaTb He MonceT. 3amHTa TaKxce 0TKa3biBaeT b 
JieHCTBHH npH HajIHHHH JXByXCTOpOHHeťO nHTaHHH B TOM 
cjiynae, ecjiH nycKOBbie opraHbí 3aniHTbi oíihoh H3 ctopoh 
jihhhh He pačOTaiOT BCJieACTBHe CBoen HenocTaTOHHOH qyB- 
CTBHTejibHocTH. JX jih očecneneHHH achctbhh cxeMbi b sthx 
cjiyqanx b Hee bboahtch AonojiHHTejibHbie npHcnocoÓJieHHH 
OAH3KO npH 9T0M VAaeTCH AOÓHTbCH AeílCTBHH 3amHTbI 
TOJIbKO c HeKOTOpOH 33AepiKKOH nopHAKa 0,2 ceK. (JI. 1]. 

PaóoTa A3HHOH cxeMbi npn noBpeacAeHHH Ha 3amnmae- 
mom yqacTKe He HCKaacaeTCH npn HapymeHHH b stot momcht 
H cnpaBHoro coctohhhh KaHaJia cbh3h. ílosTOMy OHa mohíct 
npHMeHHTbCH, Kax h cxeMa 4 )Hr - VI,5, ajih HanpaBjíeHHbix 
3aiH,HT c BblCOKOqaCTOTHOH ÓJIOKHpOBKOH. HaJIHqHe nOCTOHH- 
HOH UHpKyjIHUHH TOKa no K3HaJiy CBH3H npH HOpMaJIbHOH 
paóoTe AaeT npH stom B03MÓHCH0CTb Jierxo ocymecTBHTb 
KOHTpojib 3 a HcnpaBHHM cocTOHHHeM nepeAaqH bucokoh 
qacTOTbi. 

O^HaKO BwnojiHeHHbie t3khm oópa30M BbicoKoqacTOTHbie 
OJIOKHpyiOmHe yCTpOHCTBa AOJIHCHbl no HeKOTOpbIM AaHHblM 
HMeTb no cpaBHeHHio co cxeMofí ^nr. VI,5 HecKOJibKO 
MeHbuiHH cpoK cjiyncóbi oówqHO npHMeHneMbix 9JieKTpoHHbix 
JiaMn h MoryT C03AaBaTb noMexn paAHOBemaHHio. 

n pH ocymecTB^eHHH HanpaB^eHHux 3am«T c 

BHCoKOHaCTOTHOS Ď^OKHpOBKOft oSblHBO OTflaiOT 
npe^noqTeHHe 3amHTaM c ĎJiOKHpoBKoň, iieft- 
CTByiomeň TO^bKO B MOMEHT CKB03H0T0 K0- 
POTKOTO 3aMbIK3HH3 (^HT. VI,5). 

3. OCHOBHbIE OPrAHbl 3AUJ.HTbI 

3amHTa HMeeT asa ochobhhx opraHa: nycKO- 
BOň h HanpaBAeHHH moluhocth. riycKOBue opra- 
Hbi npeAHa3HaHeHbi ma nycna 3amtiTbi b aeft- 
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CTBHe B MOMeHT B03HHKH0BeHHH nOBpeHCfleHHH B 
ceTH. Oprama HanpaB-neHna KOHTpo^HpyiOT Ha- 
npaBJíeHHe moihhocth c o6enx eropoH 3amnmae- 
Moro yqacTKa. Ohh aaioT B03M0»cH0CTb 3amHTe 
AeňcTBOBaTb TO^ibKO b tom c/iynae, ec/iH moih- 
HOCTb HanpaB^ieHa BHyTpb nimmi c oĎeax cto- 
poH. I< nycKOBMM opraHaM h opraHaM HanpaBJíe- 
HHH MOIUHOCTH 3amHT C ČflOKHpOBKOft npeflT>flB- 
.flHIOTCH B OCHOBHOM Te^HCe TpeÓOBaHHH, HTO H B 
apyrax 3amHTax. HexoTopbie ocočeHHOCTH b hx 
pafioTe pdccMOTpeHH HHace. C^eayeT npn stom 

HMCTb B BHfly, HTO B CHCTeMax C HárJiyXO 3336M- 
JieHHblMH HyJI6BbIMH TOHK3MH 3aiHHTa HaCTO pa3- 

ae^aeica Ha asa KOManeKTa pe^e, o^hh h3 ko- 
Topux .aefiCTByeT npn 3aMbiKaHHax Meacay $a3a- 
mh, aapyroň—npn 3aMbiK3HHHx Ha 3eMjiio. Tanoe 
pa3Ae^eHHe oĎycjiOB^iHBaeTCH caeayiomHMH oc- 
HOBHBIMH COOĎpaXteHHHMH: 

1) MOHCHO nOBblCHTb qyBCTBHTeJIbHOCTb H Ha- 
ae*HOCTb AeftcTBHH 3amHTM npH HaHóoaee 
HaCTOM BHA6 ' nOBpeHCAeHHH — 3aMbIKaHHHX Ha 
3eM/no; 

2) KOMnjieKT 3 amHTbi ot 3aMbncaHHfi Ha 3 eM.n 0 , 
BKaioqaeMbift Ha 4 ,HJIbT P ,bI HyjieBoň nocjieaoBa- 
TejibHocTH, Buno^HaeTCH no BecbMa npocToň 
cxeMe; KOMn^eKT ace 3 amHTbi, aeňcTByiomeň npH 
3aMbiKaHHHX Me>KAy 4 ,a3aMH > npnxoAHTca, xax 
to 6yaeT noxa3aHO b cjieayiomeM naparpa<|»e, 
b CHCTSMax, noaBepaceHHbix KaqaHjaaM, CHadacaTb 
cneuHa^bHUMH 6jiokhpobk3mh. 

flycKOBbie opraHbi. Rji a paccMaTpHBaeMbix 
3amHT o6mhho Hcnoab3yioTca nycKOBwe opraHbí 
MaxcHMajibHoro Toxa h MHHHMaabHOro HMneaaHca. 

nycxoBue opraHbí MaxciíMa^bHOro Toxa, aeň- 
CTByiom,Hé npn MHoro<í>a3HUx 3aMbixaHHax, bxjik)- 
aaioTca Ha 4>a3Hbie toxh. Hx i p . m BHĎnpaeTca, 
ĎOabUie ipa6 max aHHHH C yaeTOM K03(j)HUHeHTa 

B03BpaTa peae k e : 

-• _,• 

fp. m — •'paó max. 

riOSTOMy OHH npHMeHHIOTCH TOJIbKO B TeX 
CJiyna hx, Kor^a MHHHMajibHbie 3HaHeHHH tokob 
KOpOTKOrO 3aMHKaHHH 3HaHHTeJIbHO npeBOCXOAHT 
MaKCHMa^bHbiň paóOHHfl tok 3ain,HmaeMOň ;ihhhh. 

B KOMimeKTax 3amHTu, aeňCTByiomeň npn 
3aMbiKaHHHX Ha 3eM;no, b CHCTeMax c Haiviyxo 

3336M«/I6HHbIMH . HyjieBblMH TOHK3MH B KaqeCTBe 
nycKOBHx opraHOB Bceraa Hcnojib3yiOTCH peae 
MaKCHMajibHoro Totfa. Pejie BKJiioqaioTCH Ha 
$H^bTp tokob Hy^eBoň noc;ieaoBaTe.rtbHOCTH. llo- 

9TOMy HX ip, m ^O^XCeH npeBblHiaTb TOJIbKO M3KCH- 

iiajibHbie 3HaqeHHH i H 6 npn 3aMbiKaHHHX Mex^y 

(J)333MH I ip , m ^> Í H tý max* 

npH onpejie^eHHH ycjiOBHH, no KOTopbiM flojnKen pac- 
c^HTfaiBHTbCH í h( $ max , HeoóxoflHMo i?MeTb B BH,ny caenyiomee, 
Ec/IH KOMnJieKT 33UXHTbl QT 3aMbIK3HHH Ha 3eMJIK) npH CB06M 
^eříCTBHH He BblBOJlHT H3 paÓOTH MeJKAy^^SHblíi KOMnJieKT, 
* h 6 max B OoabuiHHCTBe cxeM onpeAeafleica MaKCHMaabHHM 
3HaqeHHeM Tona cKB03Horo KOpoTKoro 3aMbiKaHHfl. OAHaKO 
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b paae caynaeB Me»Ay4)a3Hbiii KOMnaeKT aBTOMaTHqecKM 
bhboahtch H3 aghctbhh npn paóoTe nycKOBoro opraHa Hy- 
aeBoň nocaeAOBaieabHocTH. OóycaoBaHBaeTCfl sto TeM, hto 

npw 33MbiKaHHHX Ha 3eMJiio peae HanpaBaeHHH Me>Kiiy(J)a3HorO' 
KOMnaeKTa MoryT aeHCTBOBaTb HenpaBHabHO (cm. HH^ce), 
Hapyman paóoiy Bceň 3aiUHTbi b peaoM. npH BbinoaHeHHK 
cxeMbi c BWBcAeHHeM Me>Kay(})a3Horo KOMnaeKTa paccMaipn- 
BaeMbiM nycKOBbíM opraHOM ero i ptm Aoa^ceH BbióupaTbCa, 
hcxoah H3 6oaee THHceabix ycaoBHň; oh aoa^ceH npeBbímaTb 
^max n P H MeHCAy^ 331101 ^ KOpOTKOM 3aMblK3HHH Ha 3amH- 
iuaeMOH aHHHH. ÍIpH HeBbinoaHeHHH 3Toro TpeóoBaHHíi 3a- 
mma npn 3 aMWKaHHH Me^cAy 4>a3aMH MOMcer 0Ka3aTbCJi 
BbiBeaeHHoři H3 ac^Ictbhh HenpaBHJíbHO cpaóoiaBiiiHM nyc- 
KOBbiM opraHOM HyaeBoň nocaeAOBaieabHocTH. 

HanĎoaee nacTO npHMeHaioTCH cxeMW 3 amHTbi, Bbinoa- 
HeHHue no npHHUHnaM 4 )Hr » VI, 4 h VI, 5. Mx npaBHabHoe 
AeňcTBHe npH 3aMbiKaHHax BHe 3 ain,HmaeMOH 30 hm o6ec- 
ne^HBaeTCH ToabKo b tom caynae, KorAa ofiHOBpeMeHHO c 
nycKOBbíM opraHOM nHiaioiuen ctopohm paóoiaeT nycKOBOH 
opraH npneMHOH CTopoHH. Tokh CKB03Horo KOpoTKoro 3a- 
MbIK3HHH MOryT, OAH3KO, npHĎaHHCaTbCH no BeaHHHHe K ip t m 
nycKOBbix opraHOB h óy^yr npHMepHo OAMHaKOBU aaa oĎenx 
CTOpoH aHHHH. flpH 3 tom 3a cqeT HeoAHHaKOBoix noi pem- 
HOCTeH TpaHc^opMaTOpos Tona h ydaBOK peae, yciaHOBaeH- 

HblX C AByX CTopOH aHHHH, MOHCfíT CpaÓOTaTb nyCKOBOÍf 

opraH ToabKo c nHiaiomeft ctopohw. Toraa HenoBpeHCAeHHaa 
aHHHH HeceaeKTHBHO OTKaioHHTCH. Taxne Ace nocaeACTBHH 
b paccMaTpHBaeMOM cayqae MoryT 6wTb, ecan nycKOBOH 
opraH Ha npneMHOH cropoHe cpaóoiaeT 3 HaqHTeabHO MeA~ 
aeHHee, qeM Ha nniaiouiefi. 



<Pnr. VI, 7. CxeMa c óaoKHpOBKOÍi h npOTeKaHweM TOKa no 
KaHaay cbh3h ToabKo b MOMeHT noBpencAeHHH, HMeioman 
nycKOBOH opraH H3 AByx peae pa3Hoň qyBCTBHTeabHocTH 
Ha $a3y. 

3to MOHceT np0H30HTH 3 a cqeT Toro, hto aaace óucTpo- 
AencTByiomHe peae npn Toxax, 6aH3K«x k hx Tony Tpora- 
HHH, paĎOiaiOT B 33BHCHMOH HaCTH XapaKTepHCTHKH BHAep- 
aceK BpeMeHH, yxoAHmeft npn i p = i Pafn b óecKOHeqHOCTb h 
HMeiomeň óoabinoH pa3Ópoc Toneic. 

IlosTOMy b HacToamee BpeMH cxeMbi c tokobwmh nyc- 
kobmmh opraHaMH BwnoaHflioTCH, Kax npaBHao, c AByMH 
tokob biMH peae b KaiKAOH (})a3e Han b HyaeBOM npoBOAe 
(cm. $Hr. VI, 7, HBaaiomyiocH MOAH(j)HKauHeH cxeMbi $nr. VI, 5). 
Hx i p m BWĎHpaioTCH pa3H«mHMHCH Ha 10-5- 20%. Peae 
MaKCHMaabHoro Tona 7, HMeiomee MeHbniHii i p%m > cayncHT 
ToabKo Aan nepeAaqn óaoKHpyiomero HMnyabca qepe3 koh- 
t3kth peae HanpaBaeHHH 3. Peae MaKCHMaabHoro Tona 2, 
HMeiomee éoabniHH AeficTByeT ha uenb OTKaioqeHHH. 

ÍIpH TaKOM BbinoaHeHHH cxeMW b cayqae cKB03Horo KopOT- 
Koro 3aMbiK3HHH nycKOBOH opraH 2 nKTaiomen ctopohw 
MOHceT AeňcTBOBaTb ToabKo npH HaAencHOM cpaóaTWBaHHH 
peae 1 npHeMHoň ctopohw, oóecneqHBaiomero OaoKHpoBKy 
3 amHTU. TaKHM o6pa30M npeAOTBpamaeTCH bosmohchoctb 
HeceaeKTHBHoro acííctbhh 3amHTW. 



riyCKOBbie opraHbí MHHHMa/ibHoro HMneuaHca 
npHMeHflioTCH b Tex cjiyqaax, Koma MHHHMaabHbie 
3 Ha«ieHHH TOKOB KOpOTKOrO 3aMbIKaHHH HMeiOT 
3 H 3 H 6 HHH, 6^H3KHe K MaKCHMajIbHblM paČOHHM 
TOKaM, nepeaaBaeMbm no 3aiUHiuaekoň jihhhh. 
ripaKTHMecKH nx Hcno^b30BaHHe uejiecoo6pa3HO 
aasi Bcex 3amnT, ycTaHaBjíHBaeMbix b ceTax Ha- 
npflHteHneM 110 kV h Bbíme. Hx uoctohhctbom 

HBJIHeTCH B 03 M 0 >KH 0 CTb HMCTb Í p . m 3 aiUHTU MeHb- 

nxe HOMHHajibHoro paňonero Toxa. HMneaaHc 
TporaHHfl peae aóJOKeH BMčnpáTbca HecKoabxo 
MeHbine MHHHMa/ibHoro paOonero HMneaaHca. 
npOH3BoanTb cneuna^bHyio oTCTpoftKy ero ot 

TOKOB S^OpOBblX (})a 3 , KaK B aHCT3HUHOHHOft 3 a- 

mHTe (cm. ra. IV, § 13), b čoabuiHHCTBe cayqaee 
ocHOBaHHň HeT, TaK KaK: 1) nycxOBoá opraH hc- 
noab 3 yeTcn ToabKO rjir 3 aniHT ot 3aMbiKaHnft 
Meacay <|)a3aMH n 2) cpaóaTbiBaHne nycKOBux 
opraHOB Bcex <J)a 3 , xax npaBHJio, npn npHMeHfie- 
mhx Tpex<|)a 3 Hbix peae HanpaBaeHHH moiuhocth 
k HenpaBnabHOMy aeňcTBHio npuBecTH He moíkct. 
riosTOMy očunHO ajih 3 amHTbi Hcnoab 3 yK>TCH 60- 
jiee npocTbie peae MHHHMaabHoro HMneaaHca c 
xapaKTepncTHKoň HMneaaHca TporaHna, He 33bh- 
cameň ot Bean^HHbí Toxa (ra. IV, § 13). 

yeraHOBKa Ha Kaacjyio <|>a3y aByx peae mh- 
HHMa^ibHoro HMneaaHca uaa oSecneneHKa ceaeK- 
THBHOft paĎOTbl 3amHTH npH CKB03HbIX KOpOTKHX 

3aMbixaHnax, KaK to peKOMeHayeTCH uaa tokobux 
nycKOBbix opraHOB, aaa jihhhů 3HaqHTeabHoft 
4JIHHU, KaK npaBHjio, He TpečyeTca. OčtacHaeTca 
sto TeM, mto HanpaiKeHHe, a caeaoBaTeabHo, h 
HMneAaHC Ha 3 aiKHMax peae MHHHMaabHoro HMne- 
aaHca, ycTaHOB^ieHHoro c npHeMHofl CTOpoHbt 
Sanace k MecTy noBpeacaeHHH, Bceraa MeHbme, 
qeM c nHTaiomeň CTopOHbi. íloaTOMy SaoKHpyio- 
m,Hft HMnvabC npn cKB03Hbix kopotkhx 3aMbiKa- 
HHHX Halíce npH HaaHHHH tojibko ouhoto peae 
ycneBaeT HaaeacHO noaaBaTfcCH. 

K tohhocth Bbióopá ycTaBOK nycKOBbix opra- 
hob HanpaB^eHHOň 3aiuHTbi c SaoxHpoBKOň naa 

OTCTpoňKH HX OT MaKCHMaJIbHblX paČOHHX TOKOB 
npeu-buBamoTCH MeHbniHe Tpe6oBaHna, qeM, Ha- 
npHMep, b ^HCTaHHHOHHoň 3ainHTe. Oó^acHaeTca 
3TO TeM, hto uaace ecan npn KaKOM-aHÓo HeHOp- 
MajibHOM peacHMe paSoTbi nycKOBue opraHU cpa- 
óoTaioT c flByx cTopofl, 3am«Ta He noueíicTByeT, 
Tax xaK c oflHOň H3 ctopoh opraH HanpaBaeHHH 
óyaeT H3MepaTbHanpaBJieHHe moiuhocth xuiHHaM. 

HeočxoaHMO OTMeTHTb, hto ‘b nocaeaHee 
BpeMa b ueaax ynpoiueHHii cxeM 3aniHT ^e^iaioTca 
nonbiTKH npHMeHHTb BOo6ipeo6mHň nycxoBoS op- 
raH A-aa Bcex Tpex 4>a3 — HanpHMep, nycK, ocho- 
BaHHblH Ha nOHB^eHHH Ha 3aiKHMaX (|)HJIbTpOB 
OTpHua rejibHofl noc^ieaoBaTeflbHocTH HaupajKeHHň 
npaKTHqecKH npn Bcex BH^ax KopoTKoro 3aMU- 
KaHHa (cm. tji. IV, § 18), [JI. 2]. 

OpraHbí HanpaBJíeHHfl moiuhocth. B xaaecTBe 
opraHOB HanpaB^eHHa moiuhocth, KaK npasn^o, 
Hcnojib3yioTCH oTae^bHbie pe^e HanpaB^eHHa 


moiuhocth. B ueaax ynpomeHHa cxeMU 3amHTbi 
npeAnoHTeHHe OTaaeTca pejie b Tpex 4 >a 3 H 0 M bu- 
nojiHeHHH. B CHCTeMax c Harjiyxo 3a3eMaeHHUMH 
HyjieBUMH TOHK3MH rjir KOMnjiexTOB peae, Aefl- 

CTByiomHX npH 33MbIKaHHHX Ha 3eMJIIO, HCHOJIb- 

3yioTCH OAHO(|)a3Hue pe^e. Ohh BoionaioTCH Ha 

4>H^bTp MOIUHOCTH Hy^eBOň nOC/ieUOBaTeJIbHOCTH, 

BbiónpaiOTCH CHHycHoro raná u pearnpyioT Ha 
MOIUHOCTb Pp —Upij, sin <? p . 

06mee Tpex$a3Hoe pejie iianpaB.ieHHa moiuhocth n»n 
3amHTbi ot 3aMUKaHHÍí MeMffly cJ)a3aMH h Ha 3eMJiio c HcecT- 
KHM nO^BOJIOM HanpfílKeHHH MOHCeT npHMeHíITbCfl TOJIbKO B 
Tex cjiyqanx, Korjia tokh b noBpeHc^eHHOH 4> a3e n P H saMM- 
KaHHHX Ha 3eMJIK) 3HaqHTeJIbHO ÓOJIbUie TOKOB Harpy3KH He- 
hoBpexcjieHHbix <j*a3 (tok noBpexcjieHHH — He MeHee npHMepHo 
TpeXKpaTHOÍi BejIH^HHbl TOKa Harpy3KH). npH C0H3MepHMMX 
3HaqeHHHX 9THX TOKOB MOMeHT HenOBpeiKiieHHblX $a3 MOXCeT 
OKa3aTbCH óojibuie MOMeHTa noBpencAeHHOH 4>a3bi w HanpaB- 
jieHHbíM b npoTHBonojioxcHyio CTOpOHy. B pe3yjibTaie3aiUHTa 
MOMceT OTKa3aTb b jieHCTBHH npH 33 m biKaHHH ria 3eMaio Ha 
3amHuiaeMoň jihhhh h cpaóoTaTb HecejieKTHBHO npH noBpe- 
mcaohhh BHe 3amHiuaeMOH 3 ohm. 

Um yMeHbuieHHH BpeMenn jieHCTBHH 3amHTbi, oóycxos- 
JieHHOrO COČCTBeHHblMH BpeMeH3MH fleHCTBHfl BXOABWHX B 
Hee MrHOBeHHbix pejie, b cxeMe (4)nr. VI, 5) HHorjia npa- 
MeHHlOT pejie HanpaBJíeHHH MOIUHOCTH c HOpMaJIbHO 33MKHy* 



Onr. VI, 8. Cjiyqaíi H3MeHeHH5i HanpaBJíeHHH moiuhocth Ha 

JIHHHH npH KaCKa^HOM OTKJIIOHeHHH nr'Bpe>KJieHHB (cnJIOUI- 

HbiMH jihhhhmh noK33aHO naqaJibHoe HanpaRjieHHe moiuhocth, 
nVHKTHpHhlMH — H3MeHeHHOe). 

TbIMH KOHT3KT3MH npH P p = 0,* npH nOBpe>KUeHHH FHVTpH 
3 aiUHIUaeMOH ^OHbl OHH pa3MfaIKaiOTCSI H CHHMaiOT ÓJIOKHpy- 
lomiíS HMnyjibc. OunaKO npH TaKOM BbinojiHeHHH 3auiHTa 
MOiiíeT uencTBOBaTb HecejieKTHBiro npH HS&ieHeHMH HanpaB* 
jieHHíi moiuhocth b npouecce BHeuiHero KopoTKoro 3avbiKa- 
hhh, oTKJiioHaeMoro KacKauHo (4>Hr. VI, 8). B HauantHbiH v mo- 
MeHT KopoTKoro 3aMbiKaHHH no 3aiuHiuaeM0H .ihhhh AB 
MoiuHOCTb 6biJia HanpaBJíeHa cjieBa HanpaBO. ílpH stom 
peae 2 JieBoň 33 iuhtm (^ht. VI, 5) cboh KOHTaKTM pa 3 omk- 
Hy;io h CHuao co CBoeří ctopohm ČjiOKHpyioiuHH HMnyjibC 
OuHauo ójioKHpOBKa coxpaHiieTCH ot npaBon 3anÍHTbi, 
pejie 2 KOTOpofí coxpaHueT cboh KOHTaKTw 3aMKHymMn. 
Ecjih Tenepb Ha noBpeHíueHHOH jihhhh otkjifohhtcb b nep- 
Byio onepeub TOJibKo BhiKJiioHaTejib Ha ct3huhh B, HanpaB- 
JieHHe MOIUHÓCTH Ha .TfHHHH AB H3MeHHTCfl Ha OÓpaTHOe. 
Pe^e 2 npaBoií 3aiUHTw pa30MKHeT cboh koht3kth h chh- 
MeT ójiOKHpyiomHH HMnyabc paHee, neM pejie 2 JieBoií 3a- 
iuhtw ero nouacT, xaK KaK BpeMH 3aMbiKaHHH t s koht3ktob 
y peae Bcerua 6oxbme, seM BpeMH hx pa3MbiKaHHH t p . B 
pe3yjibTaTe 3aiuHTa jihhhh AB b Tenenne HeKOTOporo Bpe- 
MenH, paBHoro — t pt OKanceTCH 6e3 ójiokhpobkh. nocKo^b- 
Ky ee nycKOBue opraHM / npH stom 3aMKHyTU, ona moíkct 
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ycneTb HeceJieKTHBiio cpaóoTaTb. JIjih npejioTBpameHHH 
STOH B03M0)KH0CTH CXeMbl CHaÓHCaiOTCfl JÍOnOJIHHTeJIbHblMH 
yCTpOHCTBaMH, Be^yiHHMH K yCJIOHCHeHHIC 3aiHHTbI. 

BnÓpailHH IIOpMaJIbHO 33MKHyTOrO KOHTaKTa npH CKB03- 
HblX KOpOTKHX 33MbIKaHHHX T3KHC6 MOHCeT íipHBeCTH K HeCe- 
jieKTHBHOMy cpaóaTbiBaHHio 3amHTH, noTOMy »ito b MOMembi 
p33MbIK3HHH BHÓpHpyiOIUerO KOHTaKTa y pejie npHCMHOH 
CTopoHbí 3amHTa, ycTaHOBJíeHHan c iiHTaiomeH ctopohh, 
jimiiaeTca ÓJioKHpyioiuero HMnyjibca. BBHjiy SToro npe/inoH- 
TeHne oTaaeTCH ébiCTpojieHCTByiomHM pejie HanpaBJíeHHH, 
HMeiOlllHM 3aMbIKaiOIHHH K0HT3KT. 


4. IIOBEAEHHE 3AIIl.HTbI IIPH kAMAHHHX 
H ACHHXPOHHOM XOAE 

noBe^eHHe HanpaBJíeHHoft 3aiuHTbi c ójiokh- 
pOBKOft npH KaqaHHHX B H3BeCTHO0 Mepe 3aBHCHT 
OT THna IIpHM6H6HHb!X B Heft nyCKOBHX OpraHOB, 
noaTOMy HHxce OTueJibHO paccMaTpHBaiOTCH 3a- 
IUHTH C TOKOBblMH H HMneUaHCHblMH nyCKOBHMH 

opraHaMH. 

3amHTa c nycKOBbíM opraHOM jjaKCHMajibHoro 
Toxa Mo*eT cpaóoTaTb npH KaqaHHHX TOJibKO 
npH tom ycjioBHH, ecjrn no^eftcTByioT nycKO- 
Bbie opraHbí (paSoTaromne b stom cjiyqae Bcerua 
OflHOBpeMeHHO c očenx ctopoh), a 06 a pejie 
HanpaBJíeHHH moiuhocth, ycTaHOBJíeHHbie no 


OcTaTOHHoe <J>a3Hoe HanpaaceHHe Ha niHHax 

nojj.CTaHU.HH M, Um = Úk-\- l'Z x -l x = I-Z 1 -l. Oho 

onepeacaeT / Ha yroji <p sssarctg-^ . MoMeHTHa 

3aacHMax pejie HanpaBJíeHHH moiuhocth noucTaH- 
uhh M nojioJKHreJieH h oho cpaĎOTaeT. 

OcTaTOHHoe <j>a3Hoe HanpHHceHHe Ha mHHax 

noucTaHUHH N, Um— U h —/-Ž 1 -/ 2 = — IZ X *4- Oho 
OTCTaeT ot / Ha yroji 180 — Ho pejie HanpaB¬ 
JíeHHH MOUJHOCTH nOACTaHUHH N BKJIIOqaeTCH 
očpaTHO pejie uoucTaHUHH M. Oho ueňCTByeT 
nosTOMy b tom cjiyqae, ecjw npn ycjiOBHOM no- 
^oHCHTeAbHOM'HanpaBJíeHHH I ot iuhh N nocjieu- 
HHň uaeT c HanpaaceHHeM nojio>KHTeJibHbiň mo- 
MeHT. 3aaaeMCH ajih I hobmm noJioacHTejibHbíM 
HanpaBAeHweM ot uihh N, Torjja Ha BeKTopHOft 
unarpaMMe oh noBepHeTCa Ha yroji 180° h 3 aňMeT 
noJioíKeHHe, noKa3aHHoe nyHKTHpoM. Kax cjieuyeT 
H3 unarpaMMbi, momcht Ha 3ax<HMax pejie nou- 

CT3HUHH N OKa3UBaeTCH TaKHCe nOJIOHÍHTejIbHblM 
h oho cpaSaTHBaeT. TaKHM očpa 30 M npn KaqaHHHX 
moucho oacHuaTb cpačaTbiBaHHH pejie HanpaBJíe¬ 
HHH C OĎeHX CTOpOH JIHHHH, a CJieaOBaTeAbHO, H 
HeCeAeKTHBHOTO UeftCTBHH 3amHTbI. 



<I>Hr. VI,9. IloBefleHHe pejie HanpaBJíeHHH moiuhocth no 
o6ohm KOHuaM jihhhh npn KaiaHwax. 



4>nr. VI,10. H3MeMeHHe moiuhocth'^ 3aa<HMax pejie HanpaB¬ 
JíeHHH MOIUHOCTH, yCTaHOBJieiIIIblX Ha JIHHHH MN B 33BHCH- 

mocth ot yrjia Meacay 9. a. c. 8 . 


KOHuaM 3anjHUjaeMoft jihhhh, noKaucyT HanpaBJíe- 
HHe OT IUHH BHyTpb 3T0ft JIHHHH. IlpH paÓOTe 
TOJibKO ouHoro pejie HanpaBJíeHHH moiuhocth 3a- 
niHTa He nouefiCTByeT, Tax xax óyueT noJiynaTb 
óJioxHpyioiuHft HMny^bC ot nycKOBOro opraHa 
npoTHBonoJioiKHOň CTopoHbí yuacTKa. 

Ha <J)Hr. VI,9 noxasaHa jihhhh MN, HMeioiuas 
AByxcTopoHHee nHTaHne. ZIjih paccMOTpeHHH npn- 
hht MOMeHT BpeMeHH npn KaqaHHHX, Korua aueK- 
TpnqecKHň ueHTp K pacnojioaceH Ha paccMaTpn- 
BaeMoň jihhhh h HanpHJKeiiHe b HeM paBHo Hyjiio. 
B 3tom c.iyqae sjíeKTpnqecKHň ueHTp mojkho 
paccMaTpiiBaTb xax ToqKy Tpex(J)a3Horo MeTaji- 
niiqecKoro KopoTKoro 3a:-,ibiKaHHH. 

Ujih nocrpoeHHH BeiíTopHbix unarpaMM tokob 
h Hanp?nKeHHň, nouBOUHMbix k pejie, 3 aaaHO yc- 
jiOBHoe noJiowKTeJibHoe HanpaBJteiiHe TOKa npn 
KaqaHHHX I h OTHOCHTejibHo Hero opneHTHpoBaHM 
BeKTopHbie unarpaMMu. 
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Ha (J>Hr. VI, 10 noKa3aHO H3MeHeHne moiuhocth Ha 
3aacHMax peae HanpaBaeHHH, ycTanoB.neHHbix Ha noacTaH- 
UHHX M h W (cepeaHHa 3 hhhh MN), paccMaTpHBaBiueňcH 
Bbiuie (cm. ra. I, § 10) SJíeMeurapHOH ceiH b 33bhchmocth ot 
yraa 8 Meacaý 9. JI. c. reHepaTopoB. Peae BKaioieHbí no 90° 
cxeMe h pearapyioT na P p — u p -i p cos ( 9 p +45°). H 3 ana- 
rpaMMbi BHaHo, no npn H3MeHeHHH yraa 8 ot 170° ao 290° 
00 a peae yiacTKa MW aeftcTByioT. ilosTOMy npn cpaóaTw- 
bbhhh b yKa3aHHbix npeaeaax nycKOBoro opraHa 3amHTa 
paóoTaeT HecejieKTHBHo. 

HcnoJib30BaHHe paccMOTpeHHoft Bbiuie noTeHUHaJibHOH 
AHarpaMMbi jijih aHajiH3a noBejxeHHH 3amHTbi npH KaqaHHHX 
h acHHXpoHHOM xoie I, 24) HBJííieTCíi jí jih pH.ua cjiyqaeB 

HeueJiecoo6pa3HbiM, Tax KaK řípu H3MeHei!HH yrjia 8 pacxo>K- 
.neHHH no <J)a 3 e BeKTOpOB s. r. c. ^Byx nacTeň cncTeMbi Ha 
,unarpaMMe HenpepbiBHO H3MeHHeTCH BejinqHHa h 4>a3a BbipaB- 
HHBaiomero TOKa / b CHCTeMe. BwecTe c toicom h3M6hhiotch 
nponopuHOHajibHbie eMy HanpHiíceHHH Me>K^y OTjxejibHbíMH 
T 0 HK 3 MH h hx nojiOKeHHe Ha ^warpaMMe. 

BoJiee yjioÓHbíM HBJíffeTCH Hcnojib30BaHHe awarpaMMbi 
HMneAaHCOB [JI. 3]. npHHunn ee noeTpoeHHH ocHOBbibaeTCH 
Ha tom, hto npn jhoóux 3HaqeHHíix yrjiOB 8 Meac^y 3. jí. c, 
h BbipaBHHBaioiuHMH TOKaMH I coxpaHHeTCfl nponopUHOHajib- 
HOCTb h yr^ibi cjíBHra Mencj^y OT^ejibHbíMH BeKTOpaMH jma- 



rpaMMH HanpíOKeHHH, paBHbíMH 7*2, rae 2 —HMneaaHC MeHcay 
cooTBeTCTByiomHMH ToqxaMH CHCT6Mbi. Ilo9TOMy anarpaMMy 
najieHHH HanpflixeHHň momcho npHHHTb H6H3M6HHOň ajih jik>- 
6bix yrjioB 8. 

OiiHaxo npn stom aojihcho H3MeHHTbca nojiOHcenne Toq- 
kh HyjieBoro noTeHixnajia O h MacuiTaó jmarpaMMbi. Toqxa 
HyjieBoro noTeHUHajia aojnxHa nepeMemaTbca no reoMeipn- 
qecxoMy Medy Toqex, yaajieHHbix ot Toqex E^ h Em Ha 
paCCTOHHHH, OTHOIIieHHe KOTOpbIX paBHO OTHOIIieHHK) 9. fl. C. 
E N VL Em> npH OAHH3KOBOH BeJIHHHHe 9. A. C. E^ H E M 
reoMeTpHHecKHM mcctom tbkhx Toqex hbhtch npflMaa O r O'\ 
nepneH,nHKyjiHpHaíi k coeaHHíiK)meH hx npHMoň h flejiíunaa 
ee nonojiaM (<}>nr. VI, 11). npH HeoAHHaxoBbix BejinqHHax 
9. ju c. E n h E m TOqxH HyjieBoro noTemjHajia óyayT pac- 
noJiaraTbcn na ayrax cooTBeTCTByiomHX oxpyacHOCTeň. 

BeJIHHHHbl 9. c. He 33BHCHT OT IIOJIOHCeHHSI TOHXH 
HyjieBoro noTeHixHajia, xoth Ha ^warpaMMe hx fljiHHU h 3a- 
BHCHT OT ee MeCTOnOJIOHCeHHH. 

TaKHM oópa30M MacuiTaó AnarpaMMbi HanpjnxeHHň He 
HBJíneTcn BeJinqHHOH nocTOHHi^OH. Oh MeHaeTCH c yraoM 8 
h onpejiejiBeTCH ujihhoIí BexTOpOB 9. n. c. E . 

Kax óbiJio yxa3aH0 Bbiiue, BejiHHHHH Hanpa>xeHHH Meixny 
OTjiejibHbíMH ToqxaMH cHCTeMbi nponopUHOHajibHbí Toxy /, 
H3MeHHiomeMycH c yrjioM 8. Ecjih auarpaMMa Hanpa>xeHHH 
OCTaeTCH HeH3MeHH0H, TO flOJIHCeH n09T0My H 3 MeHHTbCH ee 
MacuiTaó oópaTHO nponopunoHajibHo Toxy /, t. e. nuarpaM- 
Ma HanpHHceHHH mohcct coBnaaaTb c anarpaMMoň HMnenaHCOB 

2 - — 

OTCiona BbiTexaeT npaBHJio ee nocTpoeHHH. B npHMO- 
yrojibHoii CHcTeMe oceň xoopaHHaT ct P ohtch jmarpaMMa 





<J>ur. VI,11. npHHunn BbinojiHeHHB AuarpaMMH HMneaaHcoB. 

HMneAaHcoB, npencTaBJíaioinaH b oómeM cjiyqae jioMaHyx) 
npHMyx) (4>Hr. VI,12). ÍIjih 9Toro no och aeňcTBHrejibHbix 
BejiHHHH oTXJiaAbiBaiOTCH axTHBHbie cjtaraxiinHe conpoTHBJíe- 
HHH, a no OCH MHHMblX BeJIHHHH — peaXTHBHbie. ToqKH 
nyjieBbix noTeHnnajioB pacnojiaraxiTCH Ha npHMoň 0'0" 
nepneHjiHxyjiHpHoň x jihhhh E^Em h flejiameň ee nonojiaM. 
BexTop HanpHMceHHH jik)6oh ToqxH Q HaxoflHTCH Ha nuarpaM- 
Me xax paccTOHHne ot 9toh tohxh ao cooTBeTCTByiomeH 
ToqxH Oj Ha yxa3aHHOň npHMoň. 9 thm )xe oTpe3xoivi QOj 
onpe^eíqeTCH (Jjhxthbhhh HMnenaHC Ha 3a>XHMax peae, ycra- 
HOBjíeiiHoro b roqxe Q, 3 aMepaeMbiň, nanpHMep, nycxoBbíMH 
opraHaMH kjih OMMeTpaMH AHCTaHnnoHHbix 3amHT. PeaxTaHC 
Ha 3a>xHMax noc.ae.HHHX onpeneJiHTCH xax npoexmia HMne- 
AaHca Ha ocb mhhmhx BejmqnH. 

HanpaBJíeHne BexTopa BbipaBHHBaioinero toks / onpe- 

TiX 

flejiHCTCH yr^OM = arctg , Ha xoTopbiň oh OTCTaeT ot 

pa3H0CTH 9. ji . c. E M — E N • Ha paccMaTpHBaeMoň AHarpaM- 
Me ero HanpaBJíeHwe óy^eT no9TOMy nocTOHHHbíM, He 3a- 
BHCHMbiM ot yrjia o h coBnaAax)mHM c ocbK) R. 


TaxHM oópa3oM ujih aHajiH3a noBe^eHHH pejie HanpaBae- 
HHH MOmHOCTH AOCTaTOqHO paCCMaipHBaTb TOJIbKO H3MeHe- 
Hne HanpaBJíeHHH BexTopa HanpH>xeHHH. 

Hn)xe c noMombK) flHarpaMMW HMnejxaHcoB paccMaipn- 
BaeTca noBejieHHe HanpaBjíeHHoň 3aiuHTbi c ójioxhpobkoh 
npH xaqaHHHx b CHCTeMe. Peae HanpaBJíeHHH moluhocth 
iipHHHTO BXJix)qeHHbiM no 90° cxeMe h pearHpyioinHM Ha 
BeJinqHHy P p = u p -i p cos {$ p ■+• a). 

MomHocTb Ha 3ancHMax pejie paBHa Hyjix), ecjiH cos (y p + 
-f-a) = 0. 3T0My cooTBeTCTByeT yroji ^ = 90° —a. TaxHM 
o6pa30M MomHOCTb Ha 3a»cHMax pejie (^a3M A paBHa Hyjno, 
ecjin HanpBHceHHe U^c onepeixaeT tox Ha yro.i ©^o == 
=90° — a. 

4>a3Hoe HanpHHcenHe Ujl onepe>xaeT Ubc Ha y r0JI 
rio 9 TOMy npH cos {y p + <l) = 0 U A onepeacaeT / A Ha yro:: 

Vo 9 p o + 90 ° = 180 ° — 

3HaqeHHio cos (y p + a) == 0 cooTBeTCTByeT Tax>xe 3naqe- 
Hne yrjia <p^ 0 == — (90° + a). Ilpn 9tom U a OTCTaeT ot I A m 
yroji cpQ = — a, t. e. HanpaBJíeH b CTopoHy, npaMO npom- 

BonojiOHCHyiQ nepBOMy pemeHHX). 

IloJiaraeM, hto Toqxa HyjieBoro noteHunajia b flaHHbií ř 
MOMeHT BpeMeHH pacnojioHceHa Ha npHMoň 0 ' 0 " h coBna- 
aaeT c Toqxoň Oj. OTXJiaflbiBaeM ot Hee Bexiop Toxa l 7 
coBna^ax)iuHH no (pa3e c ocbio nojioxorrejibHbix bc^hhiih, v> 



^>hf. VI,12. flnarpaMMa HMnejiaHCOB npHMeHHTe^bno x ana- 
jiH3y paóoTbi HanpaBjíeHHoň 3amHŤu c ójioxhpobkoh npu, 
xaqaHHHx. 


npOBO^HM noji yrjiOM 180° — a k neMy npHMyx), nepecexaio- 
myx) jihhhk) E n NME m b Toqxe K\> cooTBeTCTByiomeH 
onpeaejieHHoň Toqxe Ha jihhhh Zji- 

n P H pacnojioixeHHH 3amHTU Ha uiHHax nojxciaHUHH b 
Toqxe Ki OHa OTxaaceT b achctbhh, Tax xax P p = 0 3a cqeT 
yrjia Me>xjty HanpflixeHHeM H3MepHeMbiM Bexiopoivi 0{K\ 
h tóxom ! a b 180° — a. 

ÍIjih pejie, ycTaHOBJíeHHoro b Toqxe M, MomnocTb P p 
noJioHCHTeabHa, Tax xax yroji Merity U A n l A MeHbtiie xpn- 
THqecKoro b 18C° — a; jjjm pejie b loqxe N ona, naoóopoT. 
oTpHnaTejibiia, Tax xax yroji mokav U a h I a ^o.ibiiie kdh- 
THqecxoro. 

^ TaxHM o6pa30M peJie nanpaBJíeHHH moiuiiocth, ycTanoB- 
jienHbie b Toqxax M h N, HMex>T na sa>KHM 2 X moiuhocth 
P a 3 JiKqHoro 3 «axa, xax h b cayqae HajinqHH noBpeHvjíeHii?- 
ua ynacTxe MN. IíosTOMy HanpaBJíeHHaa 3 amnTa c ójioxh- 
poBKoň npn ycTaHOBKe ee Ha jihhhh MN mojkct HenpaBHJib- 
ho cpaóoxaTb. 
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H 3 H3Jio)KeHHoro CJieayeT, hto b oómeM oiyqae jihhhh 
CeTH, Ha KOTOpoS B03M0HCH0 HenpaBHJIbHOe A6HCTBH6 Ha- 
HpaBJíeHHoíi 3amHTU c ójiokhpobkoíi npii KanaHHflx, onpe- 
AejiHeTca nojioweHneM KpHTH^ecKOH tomkh K\ % xapaKTepH3ye- 
moh 3HaqeHHeM P p = 0, a He BieeTonoaoaceHHeM 9JieKTpnqe- 
CKoro uenrpa CHCTCMbi K• 

rioaoKeHHe KpHTnqecKoíí tohkh K\ onpeaejiHeTCH pacno- 
jioaceHHeM tohkh HyjieBoro noTeHunajia 0 lt CKOJib3fliueň no 
npaMOH O f O" b 33BHCHMOCTH ot yrjia 8 Meacay 9. a. c. npn 
HeóojibiiiHx yrjiax 8 Toqna Oj yxoaHT b čecKOHenHOCTb, KpHTH- 
qecKaa npflM.jH (jihhhh AB, napajiaejibHaH 0\K\) Booóme He ne- 
peceKaei aoMaHyio npHMy io E^NMEm h Toqna K\ OTcyTCTByeT. 

B pe3yjibTaTe nojiyqaeTCH, qio 3amHTa MonceT aencTBO- 
BaTb npaBHjibHO npn pacnojioaceHHH ajieKTpnqecKorp ueHTpa 
na 3aiuHiuaeMOM yqacTKe; c apyron CTOpOHH, OHa b Heno- 
xopbix cjiyqaax Moacer cpaéoiaTb HenpaBHJibHo, Kor.ua 9JieK- 
JpHHeCKHH UeHTp HaXOtfHTCfl BHe JWHHOH JIHHHH. 

nocjieaHee HaniHUHO nonasaHO ujih 
".HCTeMbi, HMeiomen oaHHaKOBMÍi HMne- 
^2 aaHCHUH yroji y K ajih Bcex sjíeMeHTOB 

r 0'o\ 


yraoBaa CKopocTb co nepeMemeHHH BeKTopoB Hanpn- 
HcenHÍi apyr OTHocHTejibHo apyra, paccMaTpHBan ee npn6- 
jiHHceHHo nocTOHHHoií b TeqeHHe oaHoro nepHoaa T, paBHa 
2ic 

o) = -ýr. B 9tom CJiyqae yroji noBOpOTa BeiCTOpa E N otho- 

CHTejibHO E m paBeH ynioBOH cKopociH co, yMHoaceHHofi Ha 
cooTBeTCTByiomee BpeMH t. 

IlosTOMy BpeMH b TeqeHHe Kaacaoro nepnojra T acHH- 
xpOHHoro xoaa, Koraa o6a pejie HanpaBJíeHHH moiuhocth hb- 
jihiotch oaHOBpeMeHHo cpaóoiaBiiiHMH, onpeaeaaeTCH cjie- 
ayiomHM o6pa30M: 


t =* 


(itc -4- a) 


T = — fr K + a)T. 


(VI, 2) 



M3 npHBeaeHHbix cooTHomeHHH caeayeT, hto b paccMOT- 
peHHOM npeaeJibHOM cjiyq^e pejie HanpaBJíeuHH moiuhocth 
aaiOT B03M0)KH0CTb šaiuHTe paóoTaTb HenpaBHjibHo b Teqe¬ 
HHe óoJibiueH qacTH Kaacaoro nepnoaa, TaK KaK a ^ 

Bbiuie paccMaTpHBaaocb noBeaeHne 3amHTbi, HMeioiueň 
TOKOBbiň nycKOBOH opraH. Ee oTJiHqHTejibHOH ocoóeHfiocTbio 
HBJíaeTCH to, qTO nycKOBMe opraHbí Ha oóohx kohiuix jih- 
hhh cpaóaTb<BaiOT Bceraa npaKTwqecKH oaHQBpeMeuHO. B 
pe3yabTaTe stoto HenpaBHjibHoe aeficTBHe cxeMbi npn naqa- 
HHHX MO«eT 6bfTb TOabKO IlpH OaHOBpeMeHIIOM CpaÓaTMBa- 
hhh peae HanpaeaeHHH c o6enx CTopOH3aiňHmaeMOH ihhhh; 
oaHaKO TaKoe cpaóaTbiBaHHe mohcct np0H30HTH h npH pac- 
noaoaceHHH aaeKTpHqecKoro ueHTpa BHe aaHHoro yqacTKa. 




Í. JW _ 


'O*' 



^nr. VI,13. íloBeacHne HanpaBaeHHOH sthihtm c ójiokhpobkoh Ha 
JIHHHH, CBH3bIBaiOlneH CHCTeMbl ÓeCKOHeqHOH MOIUHOCTH. 


4>ht. VI, 14. rioBeaeHHe 3aiuHTbi c npneMHoa cto- 
poiíM jihhhh, nuTaiomefi ocBeTHTejibHyio Harpy3Ky 
npH TpeX(j)a3HOM 33MbIKaHHH. 


($wr. Ví,13). SaeKTpnqecKHH ueHTp TaKoft chctcmn He ne- 
pewemaeTca c H3i\ieHeHHeM yraa 8 h Bceraa pacn Jiomeu nocpe- 
awne { e3yjibTHpyiomero HMneaaHca. KpHTHqecKaa Toqna mo- 
>KeT B 33BHCHM(XTH OT yiMia 8 3aHHM3Tb p33JIHMHbie nOJIOHCeiIHfl. 
B pe3yjibTaie npn coBnaaeHHH ee, nanpHMep, c ToqKOn 
3 auiHTa jihhhh MN MoiKeT cpaóoTaTb nečejieKTHBBO, xoth 
ajieKTpnqecKHH ueHTp (Toqna K) naxoaHTCH Bne stoh aHHHH. 

Ecih 3aiuHiuaeMaH jihhhh coeaHHser aBe cncTeMbi 6ec- 
KOHeqHf H M0UIH(CTH, bch aHarpaMMa HMiieaaHCOB coctoht 
H3 oaHoro yqacTha E^E M% paBHoro HMneaaHcy^. SaeKTpH- 
^ecKBH ueHTp cncTeMbi HaxoaHTí a ^ceraa nocpeaHHe jihhhh. 
KpuTHqecKaH TOHKa K\ nepeMeiuaeTcn Baojib Hee h npH 
onpeaeaeHHbix yrjiax 8, KaK h b paccMOTpeHHOM Bbiuie 
ooiucM CJiyqae, OTcyTCTByeT. 

KpHTn>iecKafl Tom<a K\ coBnaaaeT c To«iKoft E N npn 
yrae í, = ?(|i h c TCWKoft E M npn yrae 8 2 = 360° — 2<^, 
rae 9 yroa Me>Kay KpHTHqecKOH npHMOH h aHHHeň 0'0". 

Tai<HM o6pa30M KpHTHqecKaa Toqxa Ky Haxo htch b 
npeaejiax j accMaTpHBaeMoS ^iihhhb TeqeHHe 360 —4d; rpa- 
íycoB Ka)Kaoro noaHoro oóopoTa 9 . a. c. E N h E m apyr 
omocHTeabHo apyra. 

řípu nnHBeaeHHOM cooTHomeHHH Meacay BejiuqHHaMH 
yr.iOB h a yroji <[» = 90 ° — v K —. a . 

íl- si oMy yroji 6, cooTBeTCTByioiuHřf npoweHcyTKy Bpe- 
MeHH, b Teqenne KOToporo 0Ka3biBai0TCH cpaóoiaBíHHMH 
pe^e nanpaBjíenHH moiuhocth c oóenx ctopoh 3 hhhh, b npe- 
aejibHOM cjiyqae onpeaeaaeTca cjiopMyaoH 

0 = 360° - 4 (90° - <!>* — a) = 4(<f K + a). (VI, 1) 

npH HajinqHH no.iHbix cóopoTOB BeKTOpa Epj othoch” 
TejibHo BeKTopa Ej^ cucieMa pačoiaeT b acHuxpoHHOM pe- 
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3aiuHTa C HMneaaHCHbíM nycKOBbíM opraHOM mohcct He- 
npaBHabHo aeficiBOBaTb npH KaqaHHnx TaKHce b c.iyqae pa- 
6 otw pe.ie HanpaBJíeHHH moiuhocth TOJibKO c ouhoh CTopo- 
hu jihhhh 3to oóycjioB^HBaeTCH TeM, hto npn haqaHHHx 
HMnenaHCbi Ha 33 )khm3x nycKOBbix opraHOB, yciaHOBJíeHHUx 
H3 pa3HbIX CTOpOHaX 3aiUHIUaeMOH JIHHHH, B KaaxilDlH J^aHHblíi 
momoht BpeMeHH no BejiHqHHe Heo^HHaKOBM. B pe 3 yjibTaTe 
MOHceT cpaóoTaTb nycKOBOH opraH TOJibKo oAhoíí CTopoHbi. 
Ecjih b 9TOT MOMeHT pejie HanpaBJíeHHH moiuhocth Ha tom 
yae KOHue jihhhh noKa)KeT Hanpae.ieHHe ot iuhh, OHa cpaóo- 
TaeT KaK npn ouHocTOpOHHeM nHTaHHH MecTa noBpeHíueHHH. 

H3 Bcero BbimeH3Jio)KeHHoro cjiejiyeT, qTO 
HanpaBJíeHHbie 3aui,HTbi c ójiokhpobkoh nouBep- 
HceHbí bjihhhhk) Ka^aHHň. Bo3Mo>KHOCTb hx Henpa- 
BHJibHoro ueňCTBHH npn KanaHHHX MeHbrne, qeM, 
HanpHMep, y uncTaHUHOHHbix 3amHT peaKTaHCHoro 
THna. Ho ohh TaK ytce, KaK h nocjieuHHe, Hy>K- 
AaioTCH b cneunajibHbix ÓJioKHpOBKax, npeuoTBpa- 
IUaiOmHX B03M0H<H0CTb yKa3aHHbIX HenpaBHJIbHbIX 
AeňCTBHft. 

B KauecTBe ójiokhpobok npnMeHHioTCH pac- 
CMOTpeHHHe Bbirne ycTpoftcTBa (cm tji. IV, § 18)* 
HanpHMep, ĎJiOKnpoBKa, ocHOBaHHan Ha noaBJíe- 
HHH, XOTH ÓH KpaTKOBpeMeHHOM, ITpH BCHKOM - 
KOpOJKOM 3aMbIK8HHH COCTaBJIHIOIUHX OTpHUaTeJIb- 
hoh nocjiejioBaTejibHOCTH. 



5. flEHCTBHE 3AIHHTbI nPH nOBPEHCflEHHflX 
HA J1HHHBX C OflHOCTOPOHHHM FIHTAHHEM 

npH paccMOTpeHHH npHHUHnnajibHbix cxeM 3aiuHT ot- 
Meqajiocb, htq m noBpeHcaeHHH Ha jihhhhx c ouhoctopohhhm 
nHTaHHeM pearnpyiOT: cxeMa c aeójioxHpOBKofi h iioctohh- 
HbiM npoTeKaHHeM Tona no xaHajiy cbh3h ((Jwr. VI, 4) h cxe- 
jvia c ójioKHpoBKOH npH npoTexaHHH Toxa no xaHaay 
CBH3H B MOMeHT B03HHKH0BeHHH BHOUIHerO nOBpeHCUeHHH 

(cjiHr. VI, 5). FIpaBHJibHoe aeHCTBHe yxa3aHHwx cxeM oóecne- 
HHBaeTCH, ojiHaxo, TOJibxo b tom cjiyqae, ecjin He aencTByioT 
nycxoBue opraHbí 3amHTM c npHeMHoft CTOpOHM. noBeuemie 
3amHTbI npH J16HCTBHH nyCXOBMX OpraHOB C npHeMHOH CTO- 
pOHM paccMOTpeHo HHHce. B xaqecTBe nycxoBux OpraHOB 
npH 33MMXaHHHX MeHCIiy 4>a3aMH npHHHTbl pejie MHHHMaJIb- 
Horo HMneAaHca. fleHCTBne nycxoBux OpraHOB MaxcHMajib- 
Horo Toxa b stom cjiyqae Marto BepoHTHO, Tax xax hx i pm m 
BbiónpaeTCfl óojibme MaxcHMaJibHoro paóoqero TOixa. 

3aMbixaHHe Meac^y Tpewa <J> a 3 a m h. npH Me- 
TajiJiHnecxoM 3aMbixaHHH Ha jihhhh, nHTaiomeH Harpy3xy 
ocBeTHTejibHoro Tnna (<j)Hr. VI, 14), u p h i p Ha 3a»cHMax pe¬ 
rte npHeMHOH CTOpoHbí paBHbí Hyjiio. IlycxoBoH opraH c npn- 


THna, 3amnTa mohcct He noueHCTBOBaTb. 3 to oóiHCHHeTCH 
TeM, hto, HanpHMep, npn 3aMMxaHHH Meacay <J>a 3 aMH B h C 
BepOHTHo AencTBHe nycxoBoro opraHa 4>a3M B t x xoTopoMy 
nOABO.HHTCH UgCF* 6rtH3XOe K HyjfK), H TOX Harpy3XH I B ff 
xoHeqHOH BejiHHHHbí ($nr. 1,5). OpraH )xe HanpaBrteHHH 
moiuhocth 4>a3bi B, BXJiioqeHHbiH, cxanceM, no 90 ° cxeMe Ha 

Ib h Ucaf* MonceT noK33biBaTb HanpaBJíeHHe x mnHaM. 

CooTHonieHHH, nojiyqaioiUHecH. npH nnTaHHH Harpy3KH 
cocToamen H3 acHHXpOHHbix ABHraTeaeif, BbiTexaioT H3 co- 
o6pa»eHHH, npHBeneHHWX Bume, h BexTopHofí jwarpaMMU 
(JjHr. VI, 35, nOCTpOeHHOH B COOTBeTCTBHH C flaHHHMH flBH- 
raTeaeH, npHBeaeHHMMH b § 3 ni. I. B HaqajibHbiři momcht 
xopOTXoro 33MbixaHH5i, pacnoJionceHHoro b Heóojibuioň yaa- 
jieHHOCTH, acHHxpOHHbie ^BHraTejiH hbjihiotch reHepHpyio- 
IU.HMH HCTOHHHKaMH. IloSTOMy HMeeTCH OCHOBHHHe OHCHflaTb, 
hto npn paóoTe nycxoBMx opraHOB c npiieMHOH CTOpOHM 
perte HanpaBjíeHHH moiuhocth, xax oaHo<j>a 3 HMe ((Jmr, VI, 16) 
Tax h Tpex(j>a3Hbíe, aeňcTByH ot uihh b jihhhio, oóecneqaT 
npaBHrtbHyio paóoTy 3aiuHTM b uejioM. 

npH 33THHCKe B OTKJIIOqeHHH nOBpeHCrteHHH ABHraTeJIH 
npHxojxHTCJi paccMaTpHBaib xax nyHXTbi noTpeórteHHH moiu- 
HOCTH nOrtOHCHTertbHOÍí H OTpHUaTertbHOH nOCrteAOBaTeJIbHO. 












^>Hr. VI, 16. rioBe^eHne OAHO<}>a3HMX 
opraHOB HanpaBrteHHH moiuhocth 
npHeMHOH CTOpOHM rtHHHH, nHTaK)- 
meíi MOTOpHyio Harpy3xy, b Ha- 
qajibHbiň MOMeHT aByx<jia3Horo 
33MblX3HHH. 


Onr. VI,17. noBexeHHe o^HO(J)a3Hbix 
perte ^HanpaBrteHHH moiuhocth c npH¬ 
eMHOH CTOpOHbl B MOMCHT, COOTBeTCT- 
ByiomHH nnarpaMMe (j)Hr. VI,15. 


*C2 eMHOH CTOpOHM He 

neficTByeT. IlosTOMy 
<I>Hr. VI,35. BexTopHan nnarpaMMa npaBHrtbHO paóoTaeT 
toxob h HanpsnxeHHH Ha 3a)KHMax saiuHTa c nHTaiom©H 
3amHTbi, ycTaHOBrteHHOH c npneM- ctopohn, OTXjiioqan 

HOJÍ CTOpOHbl, npH MeTartrtHHeCXOM JIHHHIO OT nOrtCTaH- 
33MbixaHHH Mencrty d)a3aMH y uihh ^ hh 

nojiCTaHUHH. íe J HH qe P e3 Rn 

^eHCTBHe 3aiUHTH 
b ocTaeTcn TaxHM xce. 

C?TO OOT>HCHHeTCH TeM, HTO i p H3MeHHeTCH nponopuHOHartbHo 

ocTaTOHHOMy Up. B pe3yrtbTaTe z p Ha 3a}KHMax nycxoBoro 
opraHa He noHHHcaeTcn h oh He .aeHCTByeT. 

MHbie cooTHomeHHH MoryT 6biTb npn noBpeHcneHHH Ha 
rtHHHH, nHTaiomeH MOTopHyio Harpy3xy, HanpHMep, acHH- 
xpoHHMe rtBHraTertH. npH Martoň yrtarteHHocTH tohkh no- 


ihhh. CTen. CooTHomeHHH Ha $nr. VI,I5otho- 

chtch x MOMeHTy xpHTHqecxoro cxortb- 
HceHHH. OrtHo 4 >a 3 Hoe perte HanpaBrteHHH, 
ycTaHOBJíeHHoe b 4 >a 3 e B, pearnpyeT npn 90 ° cxeMe bkjiio- 
qeHHfl Ha P p = U CA f-Ib-cos (U CA f, h + 45°). a Ta moiu- 
HOCTb c yneTOM <J»Hr. VI, 15 HMeeT OTpHu,aTeabHbift 3 HaK. 
IlortOHCHTertbHMe HanpaBrteHHH toxob npn nocTpoeHHH npHHH- 

Tbl OT rtHHHH X niHH3M npHeMHOH nOrtCTaHUHH. ťloaTOMy 

perte noxa 3 MBaeT HanpaBrteHne mouihocth ot uihh a jihhhio, 
ooecneqHBan npaBHjibHoe nencTBHe cxeMbi. Pejie, ycTaHOB- 
JieHHMe b 4 >a 3 ax A h C, 3 aMepnioT npn 9tom nortOHCHTertb- 
Hyio MomHOCTb, He aeftcTByioT H Ha paóoTy cxeMbi bjih8hhh 
He oxa 3 HBaioT ($nr. VI, 17). 

ZIjih aHajiH3a noBeneHHn Tpexcj>a3HMX perte HanpaBrteHHH 
moiuhocth qacTO npencTaBjííieTCH uejiecoo6pa3HMM Bbipa3HTb 
MomHOCTb Ha 3a»cHMax perte qepe3 ajireópaHqecxyio cyMMy 
MomnocTeň nortOHCHTejibHOH h OTPHuaTejibHoíi nocjiertOBa- 
TertbHocTen. B stom cjiyqae MomHOCTb Ha 3ax<HMax perte 
bkji loqeHHoro no 90°-hoh cxeMe, 


Bpe>xrteHHH ot MecTa ycTaHOBxn rtBnraTejieH b HaqajibHbiH 
MOMeHT xopOTXoro 3aMbIK3HHJI OHH JIOJIMCHM pacCMaTpHB3Tb- 
ch xax jionortHHTertbHbie hctohhhxh nnTaHHH. B stom cjiyqae 
npH pačoTe nycxoBoro opraHa c npHeMHOH ctopohm oprán 
HanpaBrteHHH moiuhocth jojiHceH b HaqajibHMH momcht no- 
BpeiXrtenHH BMÓpaTb HanpaBJíeHHe ot uihh b jihhhio, oóec- 
neqHBan npaBHrtbHoe ueííCTBHe cxeMbi. npn MertJieHHOrteHCT- 
ByiomeH 3 amHTe nBHraTejni MoryT nepeíiTH b ycTaHOBHB- 
iuhSch pe>KHM, npeHcue qeM oHa cpadoTaeT. B stom cjiyqae 
npn noBpe>xrteHHH qepe3 R n uBHraTejiH noTpeójinioT tox H3 
ceTH, paóoTan c yBejinqHBaiomHMCH čxojibnceHHeM. Ecjih npn 
stom 3 a cqeT OTHOCHTertbHO B03pacTaioiuero Toxa h noHH- 
ncaioiueroCH HMneuaHca cpaóoTaioT nycxoBbie opraHbí, 3a- 
mHTa óy^eT 3a6jioxHpoBaHa, Tax xax pejie HanpaBrteHHH 
moiuhocth noxa>xyT HanpaBJíeHHe ot jihhhh k iuhh3m. 

3aMMxaHHe Moxjiy n b y m h $ a 3 a m h. B crtyqae 

33MMK3HHH Ha rtHHHH, nHTaiOIUeH Harpy3Xy OCBeTHTeJIbHOrO 

15 pejiefiHaa 3amHTa 


P p = 3 [ U BC\- r Ai -cos ( U BCX , I M + 45°) + 

+ 2 • I A 2 cos ^ U BC2 , I A 2 + 45°)]. (VI, 3) 

Kax cjieayeT h 3 unarpaMMM, moiuhocth, onpertejineMaH 
cjiaraioiuHMH OTpnuaTejibHOH nocjieuoBaTejibHocTH, npn 90° 
cxeMe BKjiioqeHBH HMeeT OTpHuaTejibHbiň 3Hax. npHHHMan 
BO BHHM3HHe npHHHTOe JI JIH BeXTOpOB TOXOB nOJIOHHTeJIb- 
noe HanpaBJíeHHe x urnnaM, cjieuyeT npHTTH x BHBO/iy, hto 
OH a oóycjiOBjíHBaeT Ha 3ancHMax pejie OTKJiioqaiomHS mo- 
MeHT. 

He cjieayeT cMeuiHBaTb noHHTHe 06 OTpHuaTejibHoň moiu¬ 
hocth Ha 33HCHM3X perte, onpeuejiHeMOH cxeMOH BKJiioqeHHH 
nocrtejiHero, h moiuhoctbio OTpnuaTejibHOH nocjiertOBaTejib- 
hocth, noTpeójineMOH rtBHraTeJiHMH h oOycjiOBJíeHHOH Top- 
mo3hmm rteňCTBHeM / 2 . BertnqHHa nocjiertHen 

Pg2 = ^A2’^A2 ‘ cos (pA2> * 

y 
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IlpH npHHHTOM nOJIOHCHTe^bHOM HfllipaBJíeHHH TOKOB OT 
MeCTa noBpeiKaeHHH k ABHraTe/niM OHa HMeeT nojioHCHTejib- 
HMH 3H8K, npOTHBOnOJIOHCHHH 3HaKy P p . 

OnpeAejiaeMaa cjiaraiomHMH nojioiKHTejibHOH nocjieAO- 

B3TC JIbHOCTH P p HMeeT nOJIOHCHTeJIbHHH 3H3K. B paCCM3TpH- 

BaeMbiH MOMeHT BpeMeHH cjiaraiomaa moiuhocth OTpnua- 
TejibHOH nocjiejiOBaTeJibHOCTH čojibine, qeM nojioiKHTejibHOH. 
3HaK pe3yjibTHpyiomeH moiuhocth P p oTpnuaTejieH. I1 o9to- 
My peae BHÓHpaeT HanpaBJíeHHe ot hihh npHeMHOH nou- 
CTaHUHH b jihhhk), oóecneqHBan npaBHJibHoe AencTBHe 3aiuHTH. 

npH yBejiHqeHHH CKOJibHceHHH ABHraTejieň cjiaraiomaa 
MOmHOCTH nOJIO}KHTejIbHOH nOCJieflOBaTeJIbHOCTH Ha 33HCH- 
Max peae MosceT CAejiaTbca óojibine cjiaraioiueň OTpnuaTejib- 
hoh nocjie^oBaTejibHOCTH h Tpex$a3Hoe pejie HanpaBJíeHHH 
moiuhocth He noueňcTByeT. ílouoÓHbie }Ke cooTHomeHHH 
noJiyqaioTCfl npH noBpeacueHHHx qepe3 R nt oóycjiOBJíHBaio- 


ň 

B 

C 







Oht. VI, 18. IloBeueHHe 
ouHo$a3Hbix peae na- 
npaBJíeHHH moiuhocth 
C npHeMHOH CTOpOHbl 
npH nospeacueHHH qe- 
pe3 nepexojoiHoe co- 
npoTHBJíeHHe. 


mne OTHocHiejibHoe yMeHbiiieHHe moiuhocth OTpHuaTe/ibHoS 
nocJieuoBaTeabHOCTH h yBejinnemie noJioxcHTejibHožl. IlpH 
9 tom mohcho oxcHAaTb, hto h OAHo<j)a 3 Hbie pejie nanpaBJíe- 
hhh moiuhocth b oóenx noBpe>KAeHHbix $a 3 ax óyuyT noica- 
3 HBaTb HanpaBJíeHHe ot jihhhh k niHHaM (<}>Hr. VI, 18 ), o 6 y- 
CAOBJIHBafl B 03 M 0 HCH 0 CTb OTKa 3 a B AeflCTBHH 3 aiUHTbI Ha nn- 
TaiomeH CTOpOHe. 

3aMbiKaHHe Ha 3eMJiio b c h c t e m e c Ha- 
rJiyxo 3a3eMJieHHbiMH HyjieBUMH t o q k a m h. 
npH 3 aMblKaHHBX Ha 36MJIIO, KaK npaBHJIO, 4>yHKUHOHHpyeT 
cneuHaJibHMH KOMnjieKT peJie, BKjnoqeHHWx Ha (JmjibTpbi Hy- 
jieBoň nocJieAOBaiejibHocTH. IloaTOMy xapaKTep Harpy3KH, 
nnTaeMOH auhhoh jihhhch, Ha paóoTy yicasaHHbix pejie 
npaKTHqecKH He bjihhct. Ecjih HyjieBaa Toqxa CHCTeMu 
3 a 3 eMJieHa TOJibKO c nuTaioiueH CTOpOHbl, npH no- 
BpeacAeHHsix paóoTaioT TOjibKO 3aiuHTa b uejioM stoh nw- 
Taioiuen CTopoHU. npH 3a3eMJieHHH TaioKe Hyjieéon ToqKH 
noHHHcaioiuero TpaHC<j)opMaTopa h npn AOCTaToqHoň nou- 
nHTKe hm MeCTa noBpexcAeHHH tokbmh HyjieBoň nocjieAOBa- 
TeabiiocTH uencTByeT Taioice npaBHJibHO 3amHTa npHeMHOH 
CTOpOHbl. 

Ha OCHOB 3 HHH H 3 Jio)KeHHoro mohcho cuejiaTb cjieuyiomHe 

BblBOAbi: 

1) 3auiHTa ot 3aMbiKaHHH Ha 3eMjrio, BKjnoqeHHan Ha 

(jiHJibTpbi HyjieBOH nocjieuoBaTeJibHOCTH, uencTByeT Ha jih- 
HHHX C OAHOCTOpOHHHM nHTaHH 6 M BnOJIHe HeTKOJ 

2 ) 3 aiUHTa ot 3 aMMicaHHH Mencuy <}>a 3 aMH, BbinojraeHHaH 
AociaToqHo ÓHCTpOAeHCTByioiueH, b óojibniHHcrBe cjiyqaen 
Taioice AOJiHCHa oóecneqHBaTb npaBHJibHoe oTKjiioqeHHe no* 
BpeHCAeHHii; 

3) HenpaBHJibHoe AeficTBHe saiUMTU MonceT npoH3ofiTH 3a 
cqeT paóoTbi c npneMHOH CTopoHbí nycKOBbix opraHOB mh- 
HHMajibHoro HMneuaHca h OTKa3a B.ueHCTBHH npn stom peae 
HanpaBaeHHH moiuhocth. 

6. OCHOBHbIE MACTH HAITPABJIEHHOfií 3AUI,HTbi 
C BbíCOKOMACTOTHOn BJlOKMPOBKOfí 

B HanpaBJíeHHbix 3aiuHTax c BbicoKoqacTOTHofi 
ÓJIOKHpOBKOH KOHTpOJIb 3a HanpaBJíeHHeM moiuho¬ 
cth c o6enx CTOpon 3amHiuaeMOH jihhhh ocymecT- 
BJineTCH TOKaMH BbicoKoň uacTOTbi, nepeuaBaeMbi- 
mh no npOBOuaM jihhhh. 

PaccMaTpHBaeMan 3aiuHTa coctoht H3 cjieuyio- 
iuhx Tpex ocHOBHbix nacTeň, ycTaHaBjíHBaeMbix uo 
o6eHM dopOHaM 3aiuHiuaeMOH jihhhh: 

1) pejieHHoň Hacra, npeucTaBJínioiueH coóofl 
MrHOBeHHyio HanpaBjíeHHyio 3amHTy; 
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2) npHeMonepeuátHHKOB tokob bbicokoh nacro- 
Tbi, cjiyníaiUHx ajih reHepnpOBaHHH tokob bhcokoh 
qacTOTbi, nepeuaBaeMbix no npoBouaM, h hx npneMa; 

3) ajieMeHTOB npncoeuHHeHHH npHeMonepeuaT- 
HHKOB K JIHHHH. 

CymecTByeT uee npHHUHnHajibHbix cxeMbi bkjiiq- 
qeHHH npHeMonepeuaTqHKOB <(J)Hr. VI, 19). B nep- 
BOH H3 HHX i((j)Hr. VI, 19a) IípHMblM npOBOUOM UJIH 
TOKOB BblCOKOH HaCTOTbl CJiyHCHT OUHa H3 4>a3 3a- 
IUHLUaeMOH JIHHHH, a OĎpaTHblM — 3eMJIH H UBe 
upyrne c{)a3bi, TaK KaK nocjieAHiie no oTHomeHHio 
K TOKaM BblCOKOH qaCTOTbl HBJIfllOTCH KaK 6u, 3a- 
36MJieHHbIMH qepe3 COOTBeTCTByiOmHe eMKOCTH Ha 
3eMJIK). Bo BTOpOH CXeMe {(j)Hr. VI, 196) npHMblM 
H OÓpaTHHM npOBOAÓM AJIH TOKOB BblCOKOň qacTO- 
th cjiyxcaT use (J)a3H 3aiuHmaeMoň jihhhh. npen- 
MymeCTBOM BTOpOH CXCMbl HBAHeTCH MeHbuiee 3a- 
TyxaHHe tokob bhcokoh qacTOTbi npn nepeAaqe no 
JIHHHH. Sto AaeT B03M0HCH0CTb npH AaHHOH MOIU- 

hocth npneMonepeAaTqHKa ocyméCTBJíHTb 3amHTy 
Ha^ojiee aahhhhx jihhhhx. OAHaKo BTOpan cxeMa 
flBjíneTCH 3HaqHTeAbH0 čojiee Aoporoň,, TpedyeT no 
cpaBHeHHio c nepBofl ba Boe 6ojibinero KojinqecTBa 
sjíeMeHTOB npHcoeAHHeHHH npneMonepeAaTqHKOB k 
JIHHHH. riOSTOMy B HaCTOHLUee BpeMH, KaK npaBH- 
jio, npHMeHHeTCH nepBan cxeMa; OHa oóecneqHfíaeT 
npH npaBHjibHOM Bbičope napaMeTpoB ee očopyAo- 
BaHHH 3amHTy jihhhh npaKTHqecKH noqTH jiioĎoh 
BCTpeqaiomeHCH Ha npaKTHKe npOTHHceHHOcTH. 

SjíeMeHTbi npHcoeAHHeHHH. K 3JieMeHTaM npH¬ 
coeAHHeHHH npneMonepeAaTqHKOB k jihhhh b o6- 
meM cjiyqae othochtch (4>Hr. VI, 19 h VI, 20): 3 a- 
rpaAHTejib 1, KOHAeHcaTop 2, KOMneHCHpyiomee 
ycTpoňcTBO 3, corjiacyioiuee ycTpoňcTBO 4, Ape- 
naHCHaH KaTyímca 5, pa3pHAHHKH 6 , 7 h 8 , npeAO- 
XpaHHTeJIb 9, pa3T>eAHHHTejIH 10 H 11, BblCOKO- 
qacTOTHbiň Kaóejib 12 h jiHHeňHbiH KOHTyp, BCTpan- 
BaeMbiň BHyTpb npneMonepeAaTqHKOB. KoMČHHaunH 
npneMonepeAaTqHKOB c jiHHeňHbíM KOHxypoM Ha3bi- 
BaeTCH očbiqHO BbicoKoqacTOTHbíM anna- 
paTOM. 

3arpaAHTejib 1 HBJíneTCH pe30HaHCHbiM Komy- 
pOM, COCTOHIUHM H3 napaJIJieJIbHO COeAHHeHHbIX 
HHAyKTHBHOCTH H eMKOCTH. 3T0T KOHTyp HaCTpaH- 
BaeTCH b pe30HaHC Ha npHHHTyio pa6oqyio bhco- 
Kyio qacTOTy (50 -f- 150 kHz) h npeACTaBjíneT no- 
3T0My a«J1h nee oqeHb BbicoKoe conpoTHBJíeime. 
PiHAyKTHBHOCTb KOHTyp a BblÓHpaeTCH TaKOH, qio 
AJIH TOKOB npOMblUIJieKHOH qaCTOTbl (50 Hz) OH 
npeACTaBJíneT BecbMa Majioe conpoTHBJíeiiHe, npaK¬ 
THqecKH He oKa3biBaioiuee bjihhhhh Ha paóoTy 3a- 
iUHiuaeMOH jihhhh. 3arpaAHTejiH npenHTCTByiOT pac- 
npocTpaHeHHio BbicoKoqacTOTHOH sneprHH 3a npe- 
Aejibi 3aiuHiuaeMoro yqacTKa, TeM caMbiM yMeHb- 
man npn nepeAaqe ee noTepn b cera. BbicoKoro 
HanpnHceHHH. JJjih ycTpaHeHHH bjihhhhh pačoTbi 
BbicoKoqacTOTHbix nepeAaTqHKOB AaHHoň jihhhh Ha 
npneMHHKH coceAHHX jihhhíí BbicoKoqacTorabie 
ycTpoíícTBa 6 jih3ko pacnojioxceHHbix yqacTKOB Ha- 
CTpaHBaiOTCH Ha pa3AHqHbie paóoqne qacTOTbi. Ha- 



jimHe yica3aHHbix bjihhhhh Morjio dbi npnBOAHTb k Corjiacyiomee ycrpoficTBO 4 corjiacyeT mokay 
H enpaBHJibHOMy aghctbhio 3amHTbi. Tax, HanpHMep, codoň BXOAHue conpoTHBjíeHaa BbicoKcmcTOTHoro 
npa BbinojiHeHHH samHTH no cxeMe <jmr. VI, 5 djio- KadejiH 12 <(ecjiH TaKOBoft HMeeTca) h jihhhh, 
KHpyiomHe HMnyjibCH tokob bhcokoh aacroTbi He- npeAynpejKAaa sthm B03HHKH0BeHHe noTepb ot 
noBpexíAeHHHx ynacTKOB, AeňcTByfl Ha 3am,Hry pecjipaKUHH {oTpa>KeHHH). 

noBpesíAeHHoro yqacTKa, Moryr BOcnpensrrcTBOBaTb ^peHaacHaa KaTyuiKa 5 cjiyncHT ajih otb 6 aghhh 
ee cpaóaTbiBaHHio. Padorae HacTora npaeMonepe- b 3eMjno tokob npoMbiuuieHHoň qacTOTbi, npoxo- 
A3THHKOB CMeJKHbIX JIHHHH B CHCTeMaX CJIOJKHOH AHLU.HX Hepe3 KOHAeHCaTOp CBH3H. BejIHHHHa 3TOTO 
KOH(J)HrypaUHH, OCOdeHHO HCnOJIb3yK)IH,HX TOKH Bbl- TOKa 06 bIHH 0 COCT3BJiaeT HeCKOJIbKO ACC3TKOB 
coKofi aacTOTbi ajih HecKOJibKHX uejieň (pejieSHan • MHJiJiHaMnep. .Ujih tokob npoMbiuuieHHOH qacTOTbi 
3aiUHTa, CBH3b), npHXOAHTCH, OAH3KO, BbldHpaTb K3TyiHKa npeACTaBJIHeT He3HaHHTeJlbHOe COnpOTHB- 
6jih3ko JieiKamHMH APyr k Apyry. HajiHHHe 3arpa- jieHHe; ajih tokob bhcokoh qácTOTH, Haodopox, 
AHTejiefi cnocodcTByeT npn btom yMeHbmeHHio 




Onr. VI,19.CxeMu npHCoe»HHeHHfl npHeMonepenaTqHKOB k 3ammnaeMoii jihhhh. 
a — 4>a3a — sei^ns; 6 — no AByM <J>a3aM. 


BJIHHIOIHHX AefiCTBHH íipHeMOnepeAaTHHKOB djIH3KO 

pacnojiojKeHHbix jihhhS APyr Ha Apyra. 

3arpaAHTejm peKOMeHAýexcH ycTaHaBjíHBaTb 3a 

aBTOMaTHHeCKHMH B bl K JI IO H JIT e JI 51M H, CHHT3H IIO Ha- 

npaBAeHHio ot uihh AaHHofl noACTaHUHH. Ilpn stom 
ycTpaHHeTCH yienKa tokob bhcokoh nacTOTbi, nepe- 
AaBaeMbix no 3amnmaeMOH jihhhh, nepe3 BTyjiKH 
(dyuiHHTH), a TaKJKe qepe3 KOHTaKTHbie nacTH h 
6aK BbiKJHOHaTejiefí. 

KOHAGHCaTOp CBH3H 2 H 30 JIHpyeT HH3KOBOJIbT- 
Hbie npHeMonepeAaiomHe ycxpoňcTBa ot bhcokoto 
H anpHHieHHH 3amHmaeMbix ahhhů. KoHAencaTop 
npeACTaBAHeT a Ji h tokob ii p o m bi ili ji e h h o h qacTOTbi 
BecbMa Cojibtuoe conpoTHBJíeHiie h npenuTCTByer 
noaTOMy hx npoxoxcAeHHK) nepe3 BbicoKonacTOT- 
Hbie annapaTbi. ,Ujih CBodoAHoro npoxojKACHHH to¬ 
kob BblCOKOH qaCTOTbl B JIHHHIO Aepe3 K0HAGHC3T0p 
conpoTHBjíeHHe nocjieAHero KOMneHCHpyeTca no- 
CpeACTBOM HHAyKTHBHOTO COnpOTHBJíeHHH yCTpOÍÍ- 
CTB3 3. KOHAeHCaTOp CBH3H AOJIJKeH, OHeBHAHO, 
npHcoeAHHHTbca k jihhhh 3a 3 arpaAHTejieM, cqHTaa 
OT HIHH. 


BecbMa doAbmoe. TaKofi cnocod Bbidopa napaMer- 
pOB KaTyuiKH npeAOTBpamaeT B03HHKHOBeiiHe 3Ha- 
HHTejIbHHX nOTepb BblCOKOH aCTOTHOÍi SHeprUH 3a 
cneT oTBeTBJíHiomerocH nepe3 Hee Tona bhcokoh 
qacTOTbi npn padoxe npHeMonepeAaTHHKOB. flpe- 
HaiKHbie KaTyuiKH Hcnojib3yioTCH b HeKoiopbix cjiy- 
qaax TaKxce ajih npeAOTBpameHHH noaBjíeHHH bh- 
cokoto HanpHHceHHH Ha btophhhoh CTopoHe koh- 
AeHcaTOpa cbh3h, HanpHMep, BCJieACTBHe Hapyrne- 
hhs ueAOQTH uenH npeAoxpaHHTenH 9. B nocjieA- 
HeM cjiynae ApeHajKHyio KaTyuiKy cjieAyeT bkjho- 
MHTb MeHÍAy KOHAeHCaTOpOM H yKa3aHHbIM Bbíme 

npeAOxpaHHTeneM 9. 

Pa3paAHHKH 6, 7 h 8 npeAHa3Haqenbi ajih 3 a- 
iHHTbi b bico koh a ctoth ofl annapaTypbi c btophhhoh 
CTOpoHbí KOHACHcaTopa ot noBbiuieHHÍi Hanpaxie- 
hhh h nepeHanpHHíeHHH. TaK, HanpHMep, npa Ha- 
pymeHHH uejiocTH nenn npeAoxpaHHTejin 9 hjih ero 
BbíHHMaHHH ajih ocMOTpa de3 npeABapHTejibHoro 
BKjnoneHHH 3a3eMAHK»mero pa3A,eAHHHTeji5i 11 Ha 
BTOpHHHOň CTopoHe KOHAeHC3TOpa nOHBJIHeTCH Bbl- 
coKoe HanpHJKeHHe, npHBOAflmee b AeňcTBHe po- 
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roBoň pa3pan,HHK 6 . Pa3pHAHbie HanpsDKeHHH pa3- 
paflHHKOB IIOHH5K3K5TCH C npHĎJIHJKeHHeM MeCTa HX 
ycTaHOBKH k npHeMonepeAaTHHKaM. ÍIoaTOMy pa3- 
Phahhk 8 , HMeiomHit HaHMeHbmee pa3pnAHoe Ha- 
npH*eHHe (oShuho nopnAKa HecKOJibKHX cotch 
BOJ ibT) AeficTByeT b tom cjiynae, ecjiH Ha ero 3a- 
>KH\iax noaBjíHeTCH 3HawrejibHbiň HMnyjibc nepe- 
HanpflxceHHň, HecMOTpa Ha paóoTy pa3pHAHHKa 7. 
B HeKOTOpHX BbinOJIHeHHHX KOJIHHeCTBO pa3pHflHH- 
•KOB yMeHbinaiOT. 

ripefloxpaHHTejib 9 AOjiHteH AOHCTBOBaTb npH 
npoóoe KOHAeHcaTopa cbh 3 h. B coBpeMeHHbix 
ycTpoňcTBax ero, KaK npaBHJio, He npHMeHjnoT. 

Pa3T>eAHHHTejib 10 npeAHa3HaqaeTca ajih ot- 
KjimeHHa KOHfleHcaTopos cbh3h a jih hx ocMOTpa 
hjih peMOHTa 6e3 HapyineHHH paĎOTbi 3amHinaeMoň 
JIHHHH. HeoĎXOAHMO OTMeTHTb, HTO AyHLUHe THIIbl 
BbinycKaeMbix b HacToamee BpeMa KOHAOHcaiopoB 
cbh3h npeACTaBjíaioT cočoň BecbMa HaAeacHbie an- 
napaTbi. IIoaTOMy npa hx npHMeHeHHH caHTaeTca 
B03M0JKHHM, a C TOHKH 3peHH3 BbinOJIHeHHH KOH- 
CTpyKHHŮ noACTaHUHfi h ueAecoo6pa3HbiM ot ycra- 
hobkh pa3-beAHHHTejiefl 10 oTKa3biBaTbca. 

BucoKoqacTOTHbifl Ka6eAb^/2, KaK npaBHAO, bh- 
6npaeTca KopAejibHbíM. ByMajKHaa h30jiíihhh Ka- 
6ejisi oSycAOBAHBaeT Majiyio eMKocTb Me>KAy >kh- 
jiaMH, a cjieAOBaTejibHO, h Majibie noTepH b Heivi; 
HajiHíHe CKpyTKH jkhji yMenbinaer noABepaceHHOCTb 
ero bjihhhhhm nocTopoHHHx nojieň. 

B3aHMOAeřicTBHe Mewny pejieiÍHOH qacTbJO 3a- 
utHTbi h npHeMonepeAaTMHKaMH. PejiefiHaa nacib 
3antHTbi ynpaBAaeT pačoTOH npHeMonepeAaTHHKOB, 
3anycKaa hx hjih ocTaHaBjíHBaa b 33bhchmocth ot 
npHHHToň cxeMbi h MecTa noBpeacAeHHa. C Apyroft 
CTOpOHbí, tokh bhcokoh qacTOTbi, nepeAaBaeMbie 
no npOBOAaM 3amHiH,aeMoft jihhhh, B03AeflcTBya 
Ha cneuHajibHbie BbixoAHbie npoMeacyToqHbie pe ie 
3ain;HTbi, onpeAejiaiOT B03Mo?KHOCTb ee AeňcTBHa 
Ha oTKAioqeHHe BbiKjnoqaTejiefi. 

B HanSojiee nacTo npHMeHaeMoň cxeMe 3am,H- 

Tbl C ÓJIOKHpOBKOH npH npOTCKaHHH TOKa BblCOKOH 

nacTOTH no KaHajiy cbh3h i(4>Hr. VI, 5) BaaHMOAeň- 
CTBHe pejieflHoň h BbicoKoqacTOTHoft Mac™ ocyme- 
CTBJíaeTca cjicavioiahm o6pa30M. IlycKOBbie opra- 
hh 1, cpačaTbiBaa, 3anycKaioT nepeAaTHHK, reHe- 
pHpyJOIUHfi TOKH BblCOKOÍl HaCTOTbI. IlpHeMHHKH, 
yCT3HOBAeHHbie C OÓeHX CTOpOH JIHHHH, npHHHMaiOT 
3 th tokh, reHepnpyeMbie KaK cbohm nepeAarai- 
kom, TaK h nepeAaTqHKOM c npOTHBonojiojKHoň 
CTOpOHbí 1 JIHHHH. IlpHeMHHKH, nOJiyHHB BblCOKO- 
qacTOTHbie HMnyjibCbi, nocbinaiOT tok b oómotkh 
npOMexcyTOHHbix pejie 3, očycjiOBjíHBaiomHft pa3- 
MbIK3HHe HX KOHT3KTOB HAH yAepjKaHHe B pa30MK- 
HyTOM COCTOHHHH, eCJIH B T3KOBOM OHH H3XOAH- 

jiHCb nepeA HaaajioM aghctbhh 3amHTbi. B pe3yjib- 
taie pejiefiHaa qacTb 3aiu.Hibi Ha oiKjnoeHHe bh- 
xjiKmTejia noAeficTBOBaTb He mojkct. Ecah no- 
speiKAOHHe npoH3omjio Ha 3aui,HmaeMOM ynacTKe, 
pejie HanpaBAeHHH mouihocth c oóeHX cropoH ero 
cpaĎaTbiBaiOT h npHOCTaHaBjíHBaiOT AeňcTBHe nepe- 
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KoumaKm 


A3THHKOB. CneuHajibHoe BbixoAHoe npoMeacyTOMHoe 
pejie 3 nepecTaeT nojiyaaTb nHTaHHe ot npneMHH- 
Ka, 3 aMbiKaeT cboh koht aKTbi h AaeT 3auiHTe bo3- 

MOJKHOCTb OTKJHOHHTb BblKAIOqaTeAb. 

npHMeHHioTCH TpH cnocoča 3anycKa nepeaaT- 
HHKa nycKOBHM opraHOM pejieflHoň qacTH 3 auiHTbi 

(4mr. VI, 21): 

a) noAaqefi ruiioca Ha aHOA cooTBeTCTByiomeH 
SAeKTpoHHoň jiaMnbi BbicoKoqacTOTHoro reHepaTo- 
pa (4>Hr. VI, 21 a); 

6) noAaneS MHHyca Ha KaTOfl toS *e AaMnbi 

(4)h r. VI, 216); 

b) CHBTHeM C CeTKH TOH TKe JiaMnbI MHHyca, 
co3flaíomero cooTBeTCTByiomee CMemeHHe, npe- 

nHTCTBviomee ee ftencT- 

BHIO HpH HOpMaJIbHOÍÍ 

pa>6oTe (<|>H'r. VI, 21 b). 
OcTanoBKa nepe^ar- 

HHKa npOH3BOJCHTCH He- 
pe3 opraH HanpaBJíeHHH 
moui;hocth 3amHTbi ny- 
TeM o'6paTHoro chhthh 
njiioca c aHo^a, MHHy¬ 
ca c KaTO^a hjih no- 
Aanefl MHHyca Ha oeTKy. 

Hbzl nepBbix enoco>6a 
c tohkh 3peHHH pejieň- 
hoh 3aimiTbi cjie^yer 
paccMaTpHBaTb KaK npH- 
MepHo paBHowHHbie. He- 

oSxO^HMO TOJIbKO HMeTb 
B BHZ^y, 'HTO BblCOKOHa- 
cTOTHbiň reHepaTop Bcer- 
Aa ^ojiHceH óbiTb roTOB 
K MTHOBeHHOMy ^eftcT- 
B'HK). rioeTOMy 3JieK- 
TpoHHaíi jiaMna, nepes 
ynpaBJíeHHe, bo BTOpo-M 



4>nr. VI,21. Cnocoóbi 3any- 
cna nepe^aT^HKa pejiefíHoň 

qaCTbK) 3aiHHTW. 
KOTOpyiO npOH3BO«HTCH 


cnocoóe ^ojincHa HMeTb Kaio^ c nocTOHHHO Aeři- 
CTByiomHM no^orpeBOM. .npeHMvmecTBQM Tpexbera 
cnocoióa HBjíneTCH to, hto npH HeM ynpaBJíeHHe 
nep e^ aTHH kom ocyniecTB Jinexc h p a 3M biKaiomHM 
KOHTaKTOM JIYCKOBOrO 0'praHa, HMeiOmHM OÓbiqHO 
MeHbmee BpeMH ^€hctbhh, qeM 3 aMbiKaK)mHH. 3 to 
A aeT BO'3M09KH>ocTb BbinojiHHTb 3amHTy B UeJIOM 
•C H€CKOJlbKO MeHbUIHM BpeMeH€M AeHCTBHH l(CM. 

onHcaHHe tioao6hqh cxeMbi b cjie^yiomeM pa3Ae- 
jie). OAHaK.o RJin naAanH MHHyca Ha ceTKy JiaMnbI 
npHXOAHTCH yCTaHBBJIHBaTb AOOIOJIHHTeJIbHblH HC- 
ToqHHK nocTOHHHoro TOKa ((HanpHMep, 6aTapeiocy- 
xhx ajieMeHTOB); sto HecKOJibKO ycjioHíHneT ycTa- 
HOBKV. ' 1 

CneuHajibHbie BbixoAHbie npoMencyToqHbié pe- 
Jie 3, rnrraeMbie ot npneMHHKOB, BbiĎHpaioTCH AByx 
OCHOBHbIX THnOB, OnpeAeJIHIOIHHX H cxeMbi HX 
BKJiioqeHHH. B nepBOM BapnaHTe npHMeHneTčn 
sjíeKTpGM arHHraoe pejie, HMeiomee 3 aMKHyraH 
KOHT3KT B OĎeCTOHeHHOM COCTOHHHH. FIpH HOp- 

MajibHofl paóoTe oh yAepHCHBaeTCH b pa30MKHyT0M 
coctohhhh (^uv. VI, 22) nocpe^CTBOM noAanH Ha 



oÓMOTKy pejie 1 HanpHxceHHH ot ocHOBHoro hctoh- 
HHKa nocTOHHHoro TOKa ycTaHOBKH nepe3 Ao6a- 
BoqHoe conpOTHBJíeHHe 2 . 3thm npHHUHnnajibHO 
MO^eT SbiTb ycTpaHeHa HeH3Ďe}KHOCTb 3aAepxKH, 
co 3 AaBaBmeHCH BbixoAHbíM npoMe^cyioqHbíM pejie 4 
3 am,HTbi no (Jdht. VI, 5, h cHHxceHo BpeMH ee cpa- 
ÓaTblBaHHH. 

B MOMenT B03HHKH0BeHHn noBpeHCAeHHH yKa- 

3aHHoe HanpHJKeHne CHHMaeTCH pa3MbiKaiomHM 
KomaKTOM nycKOBoro opraHa 3 . CHHrae HanpHXse- 
hhh c pejie 1 HeočxoAHMO aah Toro, HToObi AaTb 
B 03 M 0 ^KH 0 CTb 3amHTe cpačoTaTb npn noBpe^KAe- 

HHH BHyTpH 3aLLtfiIH,aeMOH 30HbI. ÓpH CKB03HBIX 


MOTKe. npH npOTeKaHHH TOKa TOJIbKO no T0pM03- 
hoh oĎMOTKe hjih no očenM pejie He AeScTByei. 
TaKHM O0pa3OM OHO 3aMbIKaeT CBOH KOHTaKTbl, 
AaBaH B03M02KH0CTb 3amHTe CpaĎOTaTb TOJIbKO 
npn noBpexcAeHHHX Ha 3amnmaeMOH jihhhh, Koiyxa 
npneMHHK He AeflcTByeT. B HexoTopbix cxeMax 
Ajih Ďojibinefl Ha^e^KHOCTH Hanp5DKeHne Ha pa6o- 
qyio oĎMOTKy nojiHpH30BaHHoro pejie noAaBajiocb 
nepe3 nocJieAOBaTejibHo coe/mHHeMbie KOHTaKra 
nycKOBoro opraHa h opraHa HanpaBJíeHHH Momno- 
cth. IlpeHMymecTBOM BToporo BapnaHTa BbinojiHe- 
hhh h BKjnoneHHH ójiOKHpyiomero pejie HBjíneTCH 
necKOjibKO óojibuian npocTOTa cxeMbi. 



4>Hr. VI,22. Mcnc/ib 30 BaHKe b KaqecTBe 
ó^OKHpyiomero pe;ie 9JieKTpOMarHHT- 
Horo pejie c ojihoh oómotroh. 



4>nr. VI,23. HcnoJib 30 BaHHe b Kaqe- 
CTBe ÓJiOKHpytomero pejie noJinpH 30 - 
BaHHoro peae c jupyMSi oóMOTKaMH. 



KOpOTKHX 33MbIKaHHHX peJie 1 AOJDKHO nOJiyHHTb 
nHTaHne ot npneMHHKOB, npexcAC neM oho ycneeT 
33 MKHyTb KOHT3KT BCJieACTBHe nOTepH nHTaHHH OT 
HCTOHHHKa nOCTOHHHOTO TOKa. B CBH3H C 3THM B 
HeKOTopbix cjiynanx npHXOAHTCH BbinojiHHTb pejie 1 
paóoTaiomHM Ha 3aMbiKaHHe c Heóojibmoň BbiAepac- 
KOH BpeMeHH, AOCTaTOHHOH RJM TOTO, HTOĎbl yC- 

neji noA^flcTBOBaTb npHeMHHK. Pejie 1 , npHHHMan 
bo BHHMaHne cymecTByiomHe moiahocth nepeAaT- 
HHKOB H yCJlOBHH nepeAaHH TOKOB BblCOKOH qaCTO- 
Tbl, npHXOAHTCH BbinOJIHHTb BeCbMa HyBCTBHTeJIb- 
HblMH. Hx TOKH TpOTaHHH BblÓHpaiOTCH nOpHAKa 
0,002 A. fločaBOHHoe conporaBJíeHHe 2 cjiyaxHT 
ajih CHHJKeHHH HanpHaceHHH Ha 3a2KHMax pejie A O 
AonycTHMofl no ero TepMHnecKOH ycTOÍnMBOCTH 
BejIHHHHbl npH nHT 3 HHH OT HCTOHHHKa nOCTOHHHOTO 
TOKa. 

Bo BTOpoM BapHaHTe ((J)Hr. VI, 23) Hcnojib3yeT- 
ch nojiHpH30BaHHoe pejie 1 . OAHa H3 ero oďmo- 
tok — npaBan T 0 pM 03 Han — nHTaeTCH ot npHeMHH- 
Ka; BTopan — jieBan pa6oqan — nepe 3 HopMajibHo 
pa30MKHyTbie KOHTaKTbl nycKOBoro opraHa 2 . Pejie 
AeScTByeT, 3aMbiKan KOHTaKTbl TOJIbKO b tom cjiy- 
nae, ecjiH tok npOTeKaeT no oahoh paóoqefl 06- 


7. nPWHUHITHAJIbHOE BblTIOJIHEHHE PEJIEflHOÍS 
HACTH HAI1PABJIEHHOÍI 3AIUHTbI C EJIOKHPOBKOÍft 
nPH nPOTEKAHHH TOKA no KAHAJ1Y CBfl3H 
B MOMEHT ílOBPE)KAEHHfl 

npHHmmuajibHoe BbinojiHeHHe pejiefiHofi nacTH 3 amiiTb^ 
paccMOTpeno Ha npHMepe cxcmbi (cj)Hr. VI, 24), npHMeHeiiHO& 
b CIIIA [JI. 1]. 

IlycKOBHMH opraHaMH npH 3 aMMKaHHHx Mexiky <j)a 3 aMH; 
hbjihiotch pejie MHHHMajibHoro HMne^aHca /, HMeiomne tpk 
HO pIMaJIbHO 3 aMKHyrbIX H O^iHH pa 30 MKHYTHň KOHTHKT. Ohk 
BKjiioqeHbí no HopMajibHoň cxeMe Ha JiHHeŘHbie tokh h jih- 
neHHwe HanpHJK€HHH M€ 5 Kny ^aHHOž ^asoň, h OTdaiomeH oř 
Hee Ha yroji 120°. 

FlyCKOBblM 0-praHO'M npH 3aMbIKaHHHX Ha 3eMJIK) CJiyHíHT 
pejie MaKCHMajibHoro TOKa 2, BKJHoneHHoe Ha (J)HJibTp tokob 
HyjieBofi nocjieAOBaT€JibHOCTH. Oho HMeeT Taxyio xce koh- 
TaKTHyio CHcreMy, «ax h pejie MHHHMajibHoro HMne^anca. 

OpraHOM HanpaBJíeiiHH moiahocth HBJíneTCH Tpex$a 3 Hoe 
pejie HanpaBJíeHHH 3 c HopMajibHO 3 aMKHyTbiM KOHTaKTOM, 
pa 3 MHKaK>mHMCH npn HanpaBJíeHHH moihhocth ot uihh b jih- 
hhk). Pejie HMeeT y,n.ep>KHBaK)myio CHCTeMy HanpH>KeHHH r 
pearapyiomyio Ha njiomajib TpeyrojibHHKa jiHřieňHHx HanpH- 
HcemiH (cm. tji. III, § 12). 3 Ta 'CHCTeMa co 3 /iaeT M mopÁl , 
$HKCHpyK)iii;Hň 3 aMKHyToe cocTOHHHe kohthktob pejie npH 
HoptviajibHOH paóoTe BHe 3 aBHCHMOCTH ot HanpaBJíeHHH pa 6 o- 
qeň mouihocth. HajiHnne yjiepjKHBaiomeH CHCTeMH jiaeT 

B pe 3 yJIBTaTe B 03 M 0 >KH 0 CTb COKpaTHTb BpeMH fleHCTBHH 3 a- 
mHTbi b ueJioM. Uent ochoto H 3 HanpHHceHHH, noflaeaeMHx 
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na yaepjKHBaioinyK) cacTeiviy (U BC ) % BKjnoqeHa nocjieaoBa- 

TeJIBHO *qepe3 HOpMaJIbHO 3aMKHyTbie KOHTaKTbl BCCX nycKO- 
BMX OpraHOB. riOSTOMy A JIH CHHTHH yuepXCHBaHHH 'B MOMeHT 
noBpejKjieHHH jxociaTOHHa paóoTa ouHoro H3 hhx. 

5jiOKHpyiom.ee pejie 4 BKjnoqeno -no (J)ht. VI, 22. IIpH 
HopMajibHoň paóore oho nojiyuaeT nuranHe ot ochobhoto 
HCTOHHHK a nocTOHHHoro Tona qepe3 nocjiejiOBaTejibHO coeun- 
HeHIIbie HOpMaJIbHO 3aMKHyTHe KOHTaKTbl BCOX nyCKOBblX op- 
raHOB h jxo6a30HHoe conpoTHBJíeHHe 5. KoHTaKT dJiOKHpyio- 
mero pejie, qepe3 ROTOpbiH BKjnoqeHa uent otkjik>H€iHHh, 
yaep}KHBaeTCH oipn stom b pa30MXHyT0M nojioxceHHH. 

Pe/ie BpeMemr 6 c HOpMaJIbHO pa30MKKyTHM KOHTaKTOM 
cjiyncHT ji jih npejxoTBpauxeHHH HenpaBHJibHoro aeňcTBHH 3a- 
mHTU npH H3MeHeHHK BanpaBJíeHHH moiuhocth Ha 3aiuHíuae- 

MOH JIHHHH 3 MOMeHT CKBO3H0rO n0Bpe5K,UeHHH (CM. <])Hr. VI, 8). 
Pejie flencTByeT, 3aMbiKan KO-HTaKT, c BbiuepjKKOH BpeMeHH, 
HecKOjibKO óojibmeň MaKCHMajibHoro BpeMeHH aeíícTBHH 3 a- 
muTH. B HeKdopoň CTeneHH oho npeuoTBpaiuaeT TaKxce ne- 
npaBHJibHyio paóoTy 3amnTbi npn KaqaHHHX. 

ynpaBJíeHHe pejieňHOH qacTH 3aiuHTM nepeuaTqHKOM ocy- 
mecTBJíneTCH 110 TpeTbeMy 113 paccMOTpeHHbix b npeubiasymeM 
•naparpaipe npHHuirnoB: nepe^aTHHK 3anycRaeTCH npa chhthh 
M imyca c ceTKH cooTBCTCTByioiHeH ero sjíeKTpoHHOň jiaMnbi. 
J3,hh 3Toro MH«yc, noaaBaeMufí na ceTKy JiaMna, BKJnoneH 
qepe3 nocjieaoBaxejibHo -coeairHeHHbie HOpMaJIbHO 3 aMKHyTbie 
KOHTaKTbi Bcex nvoKOBHx opraHOB. ripexpameinie padoTH 
nepe^aTHHKa npOH330fliiTCH chhthcm njnoca c aHOua 9JieK- 
TpoHHoň jiaMnw pa3MHKaioiuHM KOHTaKTOM pejié HanpaBJíe- 
??HH MOIUHOCTH 3. 

AeHCTBHe cxeMU 3aiuHTH npoHcxoAHT b cjieuyioiueM no- 
pauxe. ^ 

a) rioBpejKu^HHe b h e 3 amnmaeMoň jihhhh. 

PaĎOTaiOT B COOTBeTCTBHH C BHJIOM 3aMHKa-HHH nyeKOBbie 
•opraHM iMHHHMajibiioro HMneuaHca 1 hjih MaKCHMajibHoro to- 
Ka 2 na odenx CTOpOHax jihhhh. Ilpn stom UByMH napaMH 
CpejIHHX pa3MbTKaiOmHX KOHTaKTOB CHHMaCTCH MHHyC C C0TKK 
jia.\inbi nepeuaTHHKa h* njnoc c ÓJiOKiipyioiuero pejie 4 . riepe- 
jiaTHHK HauHHacT HeMeuJieHHO padoTaTb, TaK KaK k anouy 
ero JiaMnw xioubouhtch 3apaHee njnoc qepe3 HOpMajibHO 
3a\iKnyTbie KOHTaKTH pejie HanpaBJíeHHH moiuhocth 3. Bjio- 
KHpyiomee pejie 4 ocTasjíneT ceoS KOHTaKT, KaK n npn Hop- 
MajibHOH padoTe, pasoMKHyTbiM. 3 to odycjioBjíeHO TeM, hto 
npaKTHuecKH nouTH oanoBpeMeHHo co ciihth€m c pejie 4 
njnoca, nouaBaBHierocH qepe3 HOpMaJIbHO 3a>MKHyTbie koh- 
TaKTbi nycKOBbix opraHOB, oho HauHHaeT nojiyuaTb nHTaHHe 
ot PMCOKOuacTOTHoro npneMHHKa. Pejie HanpaBJíeHHH moou- 
HOCTH 3 , yCTaHOBJíeHÍIOe c TOft CTOpOHbl JIHHHH, TJB& MOIU- 
HOCTb TranpaBjreHa ot ihhh, cpadaTHBaeT ih pa3MHKaeT cboh 
KOHT aKTbl. npH 3 tom nepecTaex padOTaTb h -nepeuaTHHK nn- 
TaiomeH CTOpOHbl. OuHaKO c npneMHoň ctopohh pejie *5 He 

aefiCTByeT, OCTaBJIHH CBOH KOHTaKTbl SaMKHyTblMHy. FIoeTOMy 
B TeueHHé Bcero BpeM^HH CKB03HOIO KOpOTKOrO 3 aMbIKaHHH 
aeňcTByeT nepeuaTHHK npneMHoS CTopoubi, ody-cjroBJíHBaH 
‘paOoTy npHeMHHKO-B, ycTaHOBJíeHHbix no odeHM CToponaM jih¬ 
hhh. hon bo3a^hctbhcm tok a, nojiyuaeMoro ot npneMHHKOB, 
pejie 4 npbuojixcaiOT uepncaTb cboh KOHTaKTH pa30MKHy- 
TblMH H 3aiUHTa pa-CCMaTpHBaeMOS JIHHHH He U^&CTByeT. 

ripH CKB03HbIX 3aMbIK3HHHX 3aiUHTa Hepe3 BpeMH, HC- 
CKOJIbKO dOJIbmee MaKCHMaJIbHOrO COdCTBeHHOrO BpeMCHH 
,ieHCTBHH, aBTOMaTHuecKH bhbouhtch H3 padoTH nocpeucT- 
bom pejie BpeMeHH d, nouaiomero uepe3 cboh KOHTaKTu njnoc 
na djiQKHpyiomee pejie 4 . 3thm npeuoTBpaiuaeTCH H-eceJieK- 
THBHOe UeňCTBHe 3aiUHTbI HDH BHe3anH0M H3M0HeHHH HanpaB¬ 
JíeHHH moiuhocth b npouecce ckbo3Hoto KopoTKoro 3a-Mbnca- 
HKH, KOTOpOe -B03MOHCHO djiarO^apH TOMy, HTO exeMa BHnOJI- 
Heica c pejie HanpaBJíeHHH, HMeioiuiiMH pa3MHKaionxHe koh- 
TDKThl (CM. TJI. VI, § 3). lípu H3MeueHHH HanpaBJíeHHH MOIU- 
hocth pejie 5, uepxcaB-mee cboh KOHTaKT 3aMKHyTbiM h no- 
cbijiaBiuee d^OKHpyiomHe HMnyjibCbi, pa30MKHeT cboh kohthk- 
ibi óbiCTpee, ueM pejie 3 apyrofi ctopohh jihhhh hx 33'Mk- 
HeT. B pe3yjibTaTe nponcxouiiT KpaTKOBpeMeHHbiS nepepUB 
dj T OKHpOBKH, TaK. KaK OJIHH HepeuaTHHK OCTaHaBJIHBaeTCH 
paHbme, ueM nycnaeTCH upyroS. 

6) IloBpe>iuieHHe b 3amHiuaeMog 30He. Pa- 


doTaiOT nyeKOBbie opraHH h pejie HanpaBJíeHHH moiuhocth 
c odenx ctopoh 3aiUHmaeMoň jihhhh. riocjie hx ueficTBHH 
npHeMonepeuaTHHKH, ecjin ohh uaxte h Hauajm ýyHKUHOHH- 
posaTb, ocTanaBJíHBaiOTCH. npoMeHcyTOUHbie pejie 4 c odenx 
CTOpOH JIHHHH, JĎIineHHbie HHTaHHH, 3aMbIKaiOT CBOH KOHTaK¬ 
Tbl. n P H 3TOM qepe3 HHX OT 3aMHKaiOIUHXCH KOHTaKTOB ny- 
CKOBbix opraHOB nouaexcH HMnyjibc na OTKJnoueHHe bmkjiio- 
uaTejjH. 

b) IIOBeuoHHe 3 a mi h t h npH -KauaHHHx b cii- 
c t e m e. IIpH KauaHHHx b CHCTeMe, conpoBoncuaioiUHXCH ne- 
pHOUHuecKHM H3M€HeHHeM HMneuaiHCOB Zp Ha 3 ajKHMax ny- 
CKOBbTX^ OpraHOB 1 ((J>HT. VI, 25), 3aiUHT-a B KaHCUOM UHKJie 
KauaHHH aBTOMaTHuecKH bubouhtch H3 uohctbhh qepe3 Bpe- 
mh, paBHoe cyMMe BpeMeH padoTH -pejie 1 — ři 3 h 6 —í 63 , 
cqHTan ot MOMeHTa noHHjKeHHH z p uo BejinqHHbí z p m pe- 



Jie 1. BjiOKHpOBKa npeKpaiuaeTCH qepe3 BpeMH, paBHoe cyM- 
-Me BpeiMeH pa3MbiKauHH KOHTaKTOB Tex xce pejie(^ip + t6 P ), 
cqHTan ot MOMeHTa noBbímeHHH z p no 3 HaqeHHH z D . e . Ta- 
khm odpa-30M onpeuoJie-HHyio qacTb KajKUoro nepHoua Kaqa- 
hhS (na 4>Hr. VI, 25 3aiirrpHxoBaHo) 3aiu«Ta hbjih€tch 3 a- 
dJIOKHpOBaHHOfi H HCnpaBHJIbHO UeHCTBOBaTb He MOJKeT. He- 
cejieKTHBHoe ueficTBHe 3aiUHTM bo3mo>kho npH HacTynjieHHH 
CTaTHqecKoro .pacnaaa CHCTeMM hjih b npouecce KaqaHHH 
b tom cjiyqae, ecjiH pejie <3 noKa>KyT HanpaBJíeHHe moiuho¬ 
cth BHyTpb jihhhh b TeqeHHe BpeMeHH, Korua pejie 4 He 
djiOKHpyeTca hh pejie d, hh tokom ot npneMHHKOB. 

HeKOTOpblM, XOTH H -MajIO CymeCTBeHHblM HeuOCTaTKOM 
BblUOJIHeHHH djIOKHpOBKH OT H3MeHeHHH HanpaBJíeHHH MOIUHO¬ 
CTH B MOMCHT CKB03H0r0 KOpOTKOrO 3aMbIK3HHH no (JíHT. VI, 24 
HBJIHeTCH TO, HTO np-H Heft 3aiIIHTa OTKa3bIBa6T iB UefiCTBHH 
npn BO3HHKH0BeiiHH noBpexcueHHH Ha 3amHiuaeM0M' yqacme, 
Korua pejie 1 yi 6 eiue He ycnejni BepHyTbcn b ncxouHoe 
nojioxceHHe. 

OCHOBHHMH UOCTOHHCTBaMH CXeMbl HBJIHIOTCH ee OTHOCH- 
TeJibHan npocTOTa, Hedojibmoe KOJinqecrBO norpednoro pe- 
jieHHoro odopyuo-BaHHH h dojinnan c-KopocTb ueucTBHH, co- 
CTaBJíHioiuaH BejiHqHHy nopnuKa ouHoro nepnoua. Tanoe He- 
dOJIbUICe BpeMH ueŽCTBHH 3aiUHTbI UOCTHrHyTO B qaCTHOCTH 
sa cqeT npHMeHeHHH pejie HanpaBJíeHHH moiuhocth c pa3MH- 
KaiOIUHM KOHTaKTOM, HMeiOIUHM ^HKCHF^saHHoe nOJIOHCeHHe 
npn HopMajibHoň padoTe, h ynpaBJíeHHH nepeuaTHHKaMH qe- 
pe3 CeTKy HOpMaJIbHO 3aMKHyTHMH KOHTaKTaMH nyCKOBblX 
opraHOB. 

MHorojieranS onbiT SKcnjroaTauHH cxeMM b ouhoS H3 
B bl COKOBO JlbTHHX CHCTeM' CIIIA UaJI UCCTaTOUHO y^OBJíeTBO- 
pHTeJibHbie pe3yjibTaTbi, hccmotph na cjieuyiomHe eé, oduiHe 
HeuocTaTKH: 

1) odbiqHO HeuocTaToqHo HaueJKHbifi ujih paccMaxpHBae- 
Mbix ycjiOBHfi padoTH HOpMaJIbHO 3aMKHyTHH KOHTaKT pejie 
HanpaBJíeHHH moiuhocth; npn éro BHdpaunn b momcht ckboo- 
Horo KopoTKoro 3aMbIK3HHH 3aHlHTa MOJKeT JIHUIHTbCH djIOKH- 
pyioiuero HMnyjibca h HecejieKTHBHo cpadoTaTb; 
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2) B03M03KH0CTI> HeUpaBHJIbHOTC) fleftCTBHH IipH CkBČŠHlbíX 
3aMHKařiHax Ha aeMJiio, conpOBOHCAaiomHxcH nOHBJi6HneM 
b pejie 2 Toxa 3 / 0 , 6jiH3Koro k ero ip . m\ aenpaBHJibHoe 

AeHCTBHe ROJDKHO ITp0fH30HTH B TOM CJiyqae, eCJTH TiyCKOBOC 
TOKOBoe pejie c n<HTaiomeH CTOpOHbí JioAeacTByeT, a c npH- 
eMHOH OTKaxceT (cm. tji. VI, § 3, «jmir. VI, 7); 

3) pejie HanpaBJíeHHH moiuhocth MOHcer HenpaBHJibHO 
BbrópaTb HanpaBJíeHne npa 3aMHKaHHH Ha 3eMJiio b tom cjiy- 
nac, ecjM tok b noBpeHt^eHHOH (J)a3e hc óyAeT 3HaqHTejibHO 
npepocxoanTb tokh b 3aopobhx <J)a3ax; 

4) 3amHTa He HMeeT AOCTatoqHO yAOBjíeTBopHTejibHoS 
tfjíGKHpOBKH npH KaqaHHnx; 

5) 3amHTa mohcct He-npaBHJibHO ^eňCTBOBaTb npn napy- 
íiieHHHx uenu HanpHHteHHH. 

riosTOMy yflOBjíeTBopHTejibHbie pe3yjibTaTH SKCUJioaTa- 
UHH CXeMbl AOAýKHH ÓbITb B 3Ha^HTeJIbHOH CTeneHH oGimcHe* 
hh cneuwajibHOH peryjmpoBKOň pejie, Tma- # 

TeJIbHHM yXOAOM 3a HHMH IH Majioá Be-' 
pOHTHOCTbKD OHaCHblX AJIH 3aiIÍHTH Ka- 
HaHHŘ. 

Ha (jmr. VI, 26 npHBemeHa cxeMa 
-3amHTbi, ocymecTBjíenHaH Ha tom ace oc- 
řlOBHOM OÓOpy^OBaHITH, npH BHHOJIHeiHKH 
KOTopoň npHHHTbi wepH k ycTpaHeHHio 
nepemicjiCHHhix Bbirne nepBHx Tpex hcao' 

CTaTKOB. 

no cpaBHeHHio c (J>ht. VI, 24 © pac- 
CMaTpHBaeMyio cxeMy AonojiHHTejibHO 
BKjuoqeHo ETopoe pejie HaHpaBJíoHHH Mom* 
hocth 5 cHuycHoro THna, pearnpyiomee 
«a MomHocTb HyjieBoň nocjieAOBaTejibHO- 
CTH, a TOKOBblft IiyCK npH 3aMbTKaHHHX 
Ha 30MJIIO BbmOJIHeH OIOCpeACTiBOM AByX 

pejie MaKCHMajibHoro tok a 2 h 3, H3 ko- 
Topwx nepBoe HMeeT ip.m HecKOjibKO MeHb- 
shhS, qeM BTopoe. Pejie HainpaBJíeHHH 
MOHíHOCTH B3HTH C HOpMaJIbHO pa30MKHy- 
tumh KOHTaxTaMH. 5jiOKHpyiom.ee pejie 6 
B3HT0 n0JIHpH30BaHH0r0 THna H BKJIIOqeHO 
no BTOpoň H3 paCCMOTpeHHbIX Bbiiue npHH- 
ítHimajib.Hbix exeM (<t>ar. VI, 23). 

CxeMa <J)yHKUHGHHpyeT b cjieAyiomeM 
nopHAKe: 

a) 3 a m h k a h h e m e >k a y (?) a 3 a- » 
mh e 3amamaeMoií 3 ohh. Pa- 
45oTaK>f nycKOBbie opraHH /, pasMHKan 
CBOH HHHCHHe H CpeAHHC HOpMaJIbHO 33MK- 

HyTbie KOHTaKTw. npH 9tom c pejie 4 
CHHMaeTCH yAepjKHBaHHe h HeMeAJiemio 
3anycKaKJTCH nepeAaTHHKH, Tax KaK k hx 

a HO ASM H KaTOAaM JK0CTKO nOABe'AeHH 
cooTBeTCTByiomHe KOHAbi HCTOHHHKa xid- 
CTOEirHoro tok a. SaMbíKaiOTCH BepxHHe KOHTaKTH pejje 1 
H noAaiOT n/iíoc na paéonyio oáMomy ÓJiOKHpyiomero 
pejie 6. OAHaKo nocjreAHee He AeficTsyeT, TaK xaK k stomy 
M oweHTy ero T0pMO3HaH o5M0TKa ysce nojiynaer tok ot 
íipHeMHHKa.'PaóoTaeT, 3aMHKaa KOHTaKTH, pejie 4 , ycTaHOB- 
jieHHoe c nKraiomeft ctopohh. ITpa stom bhobb noAaeTCÁ 
Mimyc Ha eency jiawiibr nepeAaTHHKa mrrařomeň CTopoHbí, 
h oh ocTaHaBJíHBáercH. 3am.HTa, OAHaKo, npOAOjixcaeT 6 jio- 
KhpoBaTBCH ■ nepeAarqHKOM npHeMHoň ctopohh. PeJie Ha- 
tipaBJíeHHH mouihocth 5 3 a cqeT moiahocth HeóajiaHca MoaceT 
npii ckbo3hom MexcAy4>a3HOM 3aMHKaHHH HenpaBHJibHO cpa- 
6oraTb, noAaTb — Ha ceTKy JiaMnH nepeAarqHKa npneM- 
HOii CTOpOHbl, OCTaHOBHTb erO « Ta-KHM 05pa30M OÓyCJIOBHTb 
necejieKTHBHoe AeňcTBHe 3amHTH. npeAOTBpameHHH 

BToro — ot <pejie 5 nonaeTCH Ha ceray qepe3 HopMajib- 
ho paooMKHyTHe KOHTaKTH pejie 5, HMeiomero ip.m > i H 6 max . 

6) 3aMHKaHHe Ha 3eMJiio bh e 3 amnmaeMofi 
3 o h h. npaBHJibHoe AeScTBHe cxeMH oóecneHHBaeTCH pe- 
jie 2, 3 , 5, BKjnoqeHHHMH Ha (J)HJibTpH Hy,neBoS nocjieAOBa- 
TejibHOCTH. 3anycK mepeAaTHHKa ocymecTB^iHeTcn qepe3 pa3- 
MHKaiomHH KOHTaKT pejie 2, HMeiomero ip.m, necKOjibKO 
MeHbmnS, qeM y pejie 3 t paóoTaiomero Ha OTKjnoqeHHe. 3 thm 
npeAOTBpamaeTCH HenpaimjibHoe AeScTBHe 3amHjH, © cjiyqae 


ecjm qepe3 pejie 3 nHTaiomež ctopohh hpoxoaht tok, He- 
mhoto npeBHmaiomHH ero ip.m , a qepe 3 pejie 3 npaeMHofi 
ctopohh HecKOJibKo MeHbmHň, qeM ip. (HainpHMep, 3 a 
cqeT pa3jiHqHHx omHÓox b Toxe TpancíjjopMaTopoB TO«a 
(cm. irjr. VI, § 3). Iíenb — ot KOHTaxTOB pejie 4, w^y- 
maH k ceTKe nepeAaTqHKa a jih ero ocTaHOBKH <npn 3 aMbiKa*' 

HHHX Ha 36MAI0, pa3pbIBaeTCH CpeAHHM HOpMaJIbHO 3 aMKHy-! 
thm KOHTaKTOM pe^e 3 . 3to MeponpHHTHe HCKjnoqaeT Hece- 
JieKTHBHyio paóoTy 3amnTH npa HenpaBHjibHoň paóoie pe- 
Jie 4, ycTaiiOBJíeuHoro c npHeMHOH ctopohh, npa ckbo3hom 

3aMHKHHHH Ha 3eMJII0. 

ja) 3aMbixaHHe mojkay $a3aMH b 3amHin;ae- 
MOH 3 o He. noc.ie cpaóaTHBaHHH pejie HanpaBAeHHn Mom- 
hocth 4 nepeAaTqHKa oct aHaB AHBaioTCH. npeKpamaiOTCH 
TOKH B yAepJKHBaiOIHHX OČMOTKaX peAe 6 OT inpHeMHHKOB. 
Pačoqne očmotkii pe^e 6 iiHTaiOTCH tokoivi, noAaBaeMHM ot 

4>Hr. VI,26. PejieňHaa qacTb HanpaBJíeHHoS 3 amHTbi 
C BHCOKOqaCTOTHOH ÓJIOKHpOBKOH (BTOpOH BapH3HT). 


6 On> 
npmtHUka 


i Ha cemky 
9 tmeůMHuHa 



3aMbiKaiom‘Hx kohthktob pe^e /. PeAe 6 cpaóaTHBaiOT, o6y- 
CA0BAHB3H OTKAIOqeHHe ÍIOBpeHCAeHHOň JIHHHH. 

r) 3aMHKaH«e Ha SeMJiio b 3amHmaeMoS 
3 0He. nepeAaTqHKH ocTaHaBJíHBaiOTCH mocjie cpa6aTHBaHHH 
pe^e 5 a 3. flajiee cxeMa AeácTByeT, nax a npa 3aMHKa- 
hhhx MescAy 4>a3aMH. 

KaK cAeAyeT H3 h3jiojk e h Horo, b p accMorpeHHoň 3amHTe 
ycrpaaeHH Tpa nepBHx 'HeAOCTaTKa cxeMH 4 >ar. VI, 24 . 3 to, 
OAHaKo, AOcTarayTO 3 a cqeT yBejiaqeHHa codcTBeHHoro Bpe- 
MeHH AefiCTBHH 3amHTH IIpHMepHO AO AByX c nOJIOBHHOŘ 
nepnoAOB (npaMeaeHHe pe,ne HanpaBJíeHHH MomHOcra c Hop- 
MajibHo pa'30'MKHyrbíMH KOHTaKTaivra BMecTO 3 aMKnyTHx) h ee 
HeKOToporo ycAOjKHeHHH (Ao6aBAeHHe pejie TOKa h HanpaB- 
JI6HHH MOmHOCTa). Heo6xOAHMO Taxace OTMeTHTb, qTO B AaH- 
hoh cxeMe, KaK noKa3HBaeT sKcnepHMeHT, HenoAHOCTbio 
yCTpaHH6TCH B03MOXÍHOCTb HenpaBHAbHOTO AeHCTBHH 3amHTH 
TlpH H3MeH6HHHX HanpaBJíeHHH MOmHOCTH, qTO 33 CTaBJIHeT 
cqHTaTb HceAaTeAbHHM coxpaHeinHe ycTpoficTB, tioao 6 hhx pe- 
Jte 6 4 > H r. VI, 24 . Hah npeAOTBpameHHH HenpaBHAbHoro 
AeňcTBHH 3amHT npH KaqaHHHx h HapymeHHnx b uenn Ha- 
npHJKeHHH AOJIHÍHH inpHMeHHTbCH BCn0M0raTeAbHH6 yCTpOŘ- 
crBa, paccMOTpeHHHe cooTaeTCTBeHHO b § 16 h § 18 ta. IV* 
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8. nPHHUHIIHAJIbHblE CXEMbl BKJHOHEHM# 
BblCOKOHACTOTHbIX AIU1APATOB 

B HacTonmes BpeMH cymecTByeT p ha cxeu BKjnoqeHHH 
BHCOKoqacTOTHhix annapaTOB. Hx 'cpaBHeiiHe h oneHKa He 
bxoaht b nporpaMMy HacTonmeň KHHm. riosTOMy HHHte 
($Hr. VI, 27 h VI, 28) b KaqectBe npHMepa KpaTKO onHcaHW 
TOJIbKO £Be H 3 T 3 KHX CXeMI nepBaH— KaK O^Ha H 3 HaiHÓO- 
Jiee npocTHX h pacnpocTpaHeHHbix b Come, xoth Ha Ha- 
ctohihhh AQHh npaKTHqecKH h ycTapeBiuaH' [JI. 4]; BTopan— 
xax o#Ha H3 Hanóojiee coBpeMeHHbix, ycTaHaBJíHBaeMan bo 
MHO mX CHCTBMaX. 

CxeMa jia6opaiopHH hm. Civiyposa (4>Hr. VI, 27). Buco- 
KoqacTOTHHH aimapaT npeAHa3HaqeH ajih npHCMa c 3amHmae- 
moh jihhhh, a TaKHce ajih renepHpoBaHHH h nepe.ziaqH b jih- 
HHK) TOKC3 BWCOKOň qaCTOTH ^JIH HanpaBJíeHHOHÍ 3 aiUHTH 
c óJiOKHpoBiKOH, nepeAaBaeMOH no KaHajiy cbh3h b momoht 
noBpejK^eHHH (<})Hr. VI, 5). CxeMa annapaTa npeAycMaTpn- 


caeT ero 3 anycK nocpeACTBOM chhthh — c ceTKH h ocTa- 
HOBKy ffiyieM OTKJiioqeHHH + ot aHOAa í( 4 >ht. VI, 24). nyreM 
wečojibmrax H 3 M€HeHnň annapaT mohcbt 6 wTb XAejiaH mpnroA- 
iibíM h j^jih Apyrax tcnocoĎOB iynpaBJíeHHH h>m. 

Ochobhhmh qa-CTHMH aimapaTa hbjihiotch nepeAaTqnx, 

HpHBMHHK H JIHHeHHblH KOHTyp. 

IlepeflaTqHK coctoht hb 3aAaiomero renepaiopa, 
reHepupyiomeno toku bhcokoě qacTOTH, h MomHoro hx ycn- 

JIHTCJIH. 

3aflaioiniiň reHepafop hbjihctch caM0B036y>K- 
^aiomHMCH jiaMnoBbíM reHepaTopoM, paóoTaiomHM no cxeMe 
C HHflyKTHBHOfi OÓpaTHOH CBtf3bK). Qh HpeOÓpa3y€T HOCTOHH- 

HHH tok b nepeMeHHbiH BhicoKoň qacTOTbi (50—150 kHz). 
TeHepaiop coctoht H3 TpexsjíeKTpo^Hoň sjíeKTpoHHoň jiaMnw, 
BKJiKTqeHHOfi b uenb noc tohhhoto TOKa nocjieAOBarejibHO 
C KOJie^aTeJIbiHbDM KOHTypOM, 'COCTOHIUHuM (H* ClMKOtCTH C\ 3 
BHflyKTHBHOCTH L\. lK CeTKC JiaMnbl nOABO^HTCH nepeMCHHOe 
HanpHxceHHe ot KOHTypa L\C\ nocpeACTBOM hhaykthbhoh 
CBH3H MeacAy KaTyiHKaMH Li h L 2 . JXjm inpeAOTBpameHHH 
iieňcTBHH 3aAaromero reHepaTOpa npH HOpMajibHofi pačoTe 
3amHiuaeMOH ceTH na ceray JiaMnw noAaeTca cooTBCTCTByio- 
mnň OTpHHaTejibHbiň noTenuHaji ot BcnoMoraTeJibHoS 6aia- 
pcH CMemcHHH qepea HopMajibHo 3aM.KHyTHe KOHTaKTbi ny- 
CKOBbTX OpraHOB (í|)Hr. VI, 24). B momcht B03 hhkhobchhh 
noBpe)KfleHHH KOHTaKTbi nycKOBoro oprana paaMHKaiOTCH n 
— c ceTKH reHepaTOpa cHHMaeTCH. Ot xiojryqaiomerocH 
TOJiqKa b KOHType L\C\ noHBJíHeTCH KOjieOaTejibHbifi tok. 
HocjiejXHHM HHflyKTHpyeTca b KaTyoiKe L 2 nepeMCHHoe B 03 - 
^yjKjíaiomee Ha-npflxeHHe, noABOAHMoe k ceTKe. nepeMeHHoe 
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HanpHHceHHe Ha ceTKe o6ycjiosaH3aeT noHBjíeHHe nepeMeK^ 
hoh cjiaraiomeň aHO*AHoro TOKa. a cjieAOBaTejibHO, h nepe» 
MeHHbiH tok b KOHType L\C\. TaKHlM o6pa30M 3a cqeT HajiH- 
qHH TpeXSJíeKTpOAHOŘ JiaMHU KOJieóaTeJIbHblH TOK B KOH¬ 
Type, -pa3 B03HHKHyB, b AaJibHeňmeiM caM ce6a noAAepHíH- 
B*aeT. ‘PeryjiHpoBKoň cmkocth C x ycTaHaBJíHBaeTCH^ qacTOTa, 
npHHHTan ajih BbicoKoqacTOTHHX annapaTOB AaHHQH jihhhh. 
Emkoctb C 2 npeAOTBpamaer 3a abiKaHHe BcnoMoraTeJibHoň 
ĎaTapen Ha KaTy-uiKy L 2 . MnAyKTHBHOCTb L g npeAOTBpamaeT 
npoTeKaHHe tokob bhcokoS qacTOTW, HHpKyjiHpyiomHx b ue- 
HH C6TKH, qepe3 KO.IT3KTH HyCKOBHX opraHOB 3aiHHTbI, TaK 
KaK nocjieAHee mohcct BpeAHO orpa3HTbCH Ha pa6ore 3 aaaio- 
mero reHepaTOpa. 

MomHwň ycHJiHTejib npeAHa3HaqeH ajih ycHJieHHfi 
bhcokoh acTOTHbix KOjieoiHHň onpeAeJieHHOH nepHOAHqHOCTH, 
reHepnpyeMHX saaaioiHHM reHepaTOpOM. ycHJiHTejib, npeA- 
CTaBJíHiomHá cočoS TaKHce TpexajieKTpoAHyio Jia-Mny, paóo- 
T^eT KaK reHepaTop c He 3 aBHCHMHM B03Óy hcaghhom. B Ka- 
qecTBe nocjieAHero Hcnojib3yeTCH Hanpn- 
jKenne BbicoKoň qaCTOTH, reHepnpyeMoe 
sa^aiouiHM renepaTopoM. Oho no^aeTCH 
Ha cemy ycHJiHTejm qepe3 KOH^eHca- 
Top C 3 , npenHTCTByiOHiHH nonaAaHHio na 
Hee njuoca ot óaTapen aHOAHoro Hanpn- 
JKeHHH. Hh n yKTHBiHOCTb L 3 CJiyjKHT ^ AJIH 
nponycKaHHH n octohhH oň cjraraiomefi ce- 
Toqnoro To«a ycmiuTejiH. Ri h R 2 b ue- 
nnx ceroK jiaMu cjiyncaT a*hh co 3 AaHH 53 
hm HeoéxoAHMoro pencHMa paóoTbi; R 2 
Hcnojib3yeTCH TaKHce ajih npeAOTBpame' 
HHH Ca'M 0 'BO 36 y>KAOHHH yCiHJIHTeJIH. B aHOA* 
Hyio uenb ycHJiHTejin BKJiioqeH KOHTyp 
C 4 L 4 L s , HacTpaHBaewMHň b peaoHaHC Ha 
qacTOTy sa^aiomero reHepaTOpa h nHTae- 
MHH TOKaMH BHCOKOŘ qaCTOTH ycHJiHTe- 
jih. PaccMaTpHBaeMHŽ KOHTyp HBJíneTCH 
npoMe>KyToqHbiM. Hepes HHAyKTHBHyio 
cbh 3 b KaryuieK L 4 , L 7 oh coeAKHneT ne- 
peAaxqHK c jiHHefiHbíM KOHTypOM h AaJiee 
c BWCOKoq acTOTHHM (jjHA^pOM; qepe3 
CBH 3 B KaTytUICK Ls, Le OH COCAHHHeT JIH- 
HCHDHblH KOHTyp C HpHeMHHKOM. TaKHM 

o 6 pa 30 M qepe 3 npoMeHcyToqHbiň KOHTyp 
npoxoAHT ÓJioKHpyiomHe HMnyjibCbi tokob 
B bicoKofi qacTOTbi, KaK nocbijiaeMbre ae- 
peaaTqHKOM b jihhhio, Tax h npHHHMae- 
MHé H3 JIHHHH HpHeMHHKOM. BOBHlAy HTH Jiy KTHB 1 HOH CBH3H L$Lq 
Mexiky KÓHrypaMH nepe^aTH-HKa h npneMHHKa nocjieA- 
hhíí pearapyeT Ha ^JiOKHpyiomHe HMnyjibCbi, nocbijjaeMbie KaK 
nepeAaTq.HKOM np othbohojio>khoh ctopohu jthhhh, tSik h bxo- 
Ahihhm b AaHHhiH Bhcok oqaiCTO thhh ainiapaT. IlocjieAHee zuih 
paOorbl 3aiUHTbl HBJTHeTCH AOIiyCTHMblM. 

npH 6 MHHK npiIHHMaeT H AeTeKTHpyOT (BbrnpHMJIHeT) 
BHCOKoqacTOTHHe HMnyjibCH h nHTaeT cneunajibHoe npoMe- 
HcyToqHoe pejie 4 ((j^nr. VI, 24), ÓJioKHpyiomee AeiícTBHe 3 a- 
mHTw. 'BbrnpHMJieiiHbiS aHOAHHň tok HMeeT nyjibcnpyiomHS 
xapaKTep. JĚUin nponycKa ero nepeMCHHHX cocTaBJífliomHX 
mhmo ónoKHpyiomero pejie 4 oówoTKa nocjienHero o 6 wqHO 
inyHTHpyeTCH cmkoctbio. fljin ocymecTBJíenHH npneMa hc- 
nojib 3 yeTCH TaKJKe TpexajieKTpoAHan jiaMna. 'IIpH HopMajib- 
ho^ pačoTe 3 amHm,aeMbix jihhhS npoTeKaHHe aHOAHoro TOKa 
npeAOTBpanxaeTCH noAaqeň Ha ceTKy iiaMiiu oTpHuaTejibHoro 
noTeHHHajia (cMenieHHH) ot AenHTeJin HanpHHceHHH i? 3 * 

riHTaHHe BwcoKoqacTOTHoro annapaTa b uejioM, t. e. 
neneH ano^a « xaTo^a (HaKajia), hpohbboahtch ot ochobhohí 
aKKyMyjiHTopHoň óaTapen aaHHoň cTaHUHH hjih noACTaHUHK 
Ha HanpHHceHHH 110 hjiíi 220 V. BwcoKoqacTOTHbie annapaTbi 
IIOCTOHHHO AOJIHCHW ÓbITb TOTOBbl K MTHOBeHHOMy A^HCTBHIO. 
riosTOMy uenn Haxajia JiaMoi sa^aiomero reHepaTOpa, ycnjiH 5 
TeJiH h npneMHHKa nocTOHHHO Haxo.aHTcn no a tokom. B pac- 
cMaTpHBaeMoň cxeMe nenn HaKajia jiaMn reHepaTOpa h npn- 
eMHHKa coeAHHeHH napajurejibHO MeHíAy coóoň h nocjieaoBa- 
xejibHo c nenbio Haxajia yciHjnrrejiH. Hjih iiHTaHHH uenee 
HaKajia TpeOyeTcn Bcero 10—12 V. H 3 JiHineK HanpHHceHHfl 
OaTapen repieTCH b Rí h R$. 



4>Hr. VI, 27. npHHUHHHajibHaH cxeMa BHCOKoqacTOTHoro annapaTa jiaóopaxopHH 

hm. CMypoBa. 







JlHHeíÍHblfi KOHTyp COCTOHT H3 KaTyiHKH CBA3H 
C npOxMeJKyTOqHUM KOHTypOM L 7 , eMKOCTH C 5 H HHJíyKTHBHO- 
cth (BapHOMeTpa) L 3 . On 'CBH3HBaeT npHeMonepe,naTqHK qe- 
pe3 BbicoiKcqacTOTHbiň (JjH^ep h npyrne sjíeMeHTW npHcoenH- 
HeHHH c 3aiinHmaeMOíí[ JiHHHeň. 

CxeMa BbicoKoqacTOTřioro annapaTa H3o6paHceHa Ha 
(J)Hr. VI, 27 b yoipomeHHDiM bvljič. B jjeHCTBHTejibHyio cxeMy 
oóbiHHO BKJiioqaeTCH pesepBHbiH komtijickt JiaMn, HeoóxonH- 
mhS Ha cjiyqan neperopannA ojihoh H3 paóoqnx JiaMn, npe- 
AycMaTpHBaeTCH cHrnajiH3auHH yKa3aHHoro neperopaHHA, 
BKJIKmiOTCH npnóopbi h ycTpoficTBa, HeoóxoflHMbie RJISI npo- 
BepKH paóoTM annapaTa, h t n. 

CxeMa BecTH«ray3 (4 >ht. VI, 28). BMCOKoqaicrroTiHbiS an- 
napaT, xax h b nepBOH cxeMe, BbunojiHeH jijia npneMa c 3a- 
mnmaeMoň jihhhh, a TaKnce reHepHpoBaHHA h nepe^aqn 
qepe3 Hee tokob BbrcoKoň qacTOThi rj ia HanpaBJíeHHOfi 3a- 
mHTbi c ČJiOKHpoBKoň, nepeaaBaeMOH no KaHajiy 
CBA3H B MOMeHT nOBpejKfleiIHA. 

AnnapaT 3 anycKaercA h ocTaHaBJíHBaeTCA 
nyieM nojiv^m h chatka Minnyca c Kárová 
ajieKTpoHHOH jiaiMHH 3anaiomero reHepaTopa. 

BbicoKoqacTOTHbiH renepaTOp ROJimen óhtb HoHmai 
Bcer.ua roroB k paóoTe; noaTOMy npH ^araíOM' 7 ^* opsala 
cnocoóe ynpaBijieHHA hm _ KaTO# .hojdkoh hmotl 
nocTOAHHO ^eňcTByiomHH noflorpeB. riepe^aTAHic 
coctoht H3 3a.naiomero renepaTopa h yiCHJiHTejiA. 

3a^aiomKS renepaTOp abjiactca 
ca-MOB03ÓyHCAaiomHMCA jiaMnoBHM renepaTopoM, 
pa^oTaiomwM no cxeMe KoJinuTna c sJíeKTpnqe- 1 
ckoS oóparHoň CBA3bK). ,Oh npeo6pa3yeT no- 
CTOAHHblň TOK B nepeMCHHblH BMCOKOH qaCTOTbl 

(50—150 kHz). 

re-HepaTOp, Ka« h Bce apyrne qacra annapaTa, 
ocymecTBJíeH c noMombio flByxceToqHoň jiaMnbi. Bt®- 
paA (BcnaMoraiejibHaA) ceTKa, pacnojionceHHaA Mexiky 
aHOflOM H OCHOBHOH ynpaBJIAIOmeS CeTKOH, ABJIAeTCA 
SKpaHHpyiomeH. Ee Ha3HaqeHHe paccMOTpeHO HHHce. 

TeHepaTOp coctoht H3 o^hoh ji a mhu, b ano.HHyio 
nenb KOTopoň B-xjiioqeH KOJieóaTejibHhiň KOHTyp H3 
Tpex nocjieAOBaTejibHo coe^HHeHHbix eMKOCTen Ci, C 2 . 

C 3 h neDeMeHHOH HH^yKTHBHOCTH L\. C ee nOMOUXbK) 
ycTanaBJíHBaeTCA qacTOTa, upahatba ajia BMcoKoqa* 
ctothhx amapaTOB inaHHoň jihhhh. 

Ot KOJieóaTejibHoro KOHTyp a aHO^Hoň ueira non- 
bo^htch^ k ochobhoh ynpaBjíAiomeH ceTKe nepeMeHHoe 
HanpAJK^iHe -nocpe^CTBOM sjíeKT.pn-qecKOfi cba3h — 
eMKOCTH Cl. 


ycmiHTejib. MomHHH ycHJiHTejib nepe^aTAKKa npeji" 
Ha3HaqeH ajih ycHJieHHA BbicoKoqa ctothhx KOJieóaHHH onpe* 
AejieHHOfi nepno^HqHOCTH, npoHcxo^AmHx b KOJie6aieJibHO\: 
KOHType Ci, C 2 , C 3 , L\ h reHepnpyeMHx 3a^aiomHM reHepa- 
TOpOM. 

y CHJIHT£J7b BbinOJIHAeTCA nOCpe^CTBOuM TBKHX >Ke 9JieK- 
TpOHHbix JiaMn, KaK h reHepaTop, ho paóoTaeT b OTJinqHe or 
nocjie/iHero no cxe^e renepaTopa c He3aBHCHMHM B03dyxv^e- 
HneM. Bo3Óy>KneHHeM AJin Hero ABJíAexcA nanpAnceHHe Bbico- 
Koií qacTOTH, renepHpyeMoe 3anaiomHM reHepaTOpOM. 

ycHJiHTejib paóoTaeT no ^ByxTaKTHoň cxeMe, ^eficTByio- 
meň cjie^yiomHM oópaaoM. C pasHbix eMKOCTeň Ci h C 2 ko- 
jieóaTeJibHoro koHTypa 3a^aiomero reHepaTopa chhm3iotca 
paBHbie no BejmqHiie h npoTHBonojioxcHHe ^pyr apyry no 
(jja3e nanpAJKeHHA, KOToptie qepe3 pasnejiHTejibHHe KOHaeH- 
caTopw Cs h Cq noAaioTCA Ha ynpaBJíAioinHe ceTKH JiaMU 
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<I>Hr. 


VI,28. ÍIpHHUHnHajibHaA cxeMa BBicoKoqacTOTHoro annapaia’ 
BecTHHray3. 


riHTaHHe renepaTopa ot HCToqHHKa nocTOAHHoro TOKa 
(aKKyMyjiATopHofi 6aTapen noACTanuHH) npoH3BO^HTCA no Tax 
Ha3biBaeMOH napajuiejibHOH cxeMe. IIoctoahhhh tok e ^ejiH- 
TejiA HanpA>KeHHA R\ no^aeTCA Ha ano^ reHepaTopa napaji- 
jiejibHo uenn c KOJieSaTejibHbíM KOHTypOM. npH stom 6jio- 
KHpyiomaA eMKocTb C 4 npe^onapamaeT noABJíeHHe hoctoah- 
HOrO TOKa B KOJieÓaxeJIbHOM KOHType, a HHAyKTHBHOCTb U 
He ^onycKaeT nepeMeHHoro TOKa b HCToqHHK nocTOAHHoro 
TOKa. 

,EUa npenoTBpameHHA neficTBHA 3a^aiomero reHepaTopa 
npn HopMaJibHoň paóoTe 3am,HmaeMoa ceTH c ero KaTO^a 
chat npn 9tom — h qepe3 floóaeoqnoe conpoTHBJíeHHe non- 
Be^eH "h. 

B MOMeHT B03HHKH0BeHHA nOBpeHCAeHHA 3aMHKaiOTCA 
KOHTaKTH nyCKOBHX OpraHOB 3amHTH H HenOCpeflCTBeHHO Ha 
KaTOfl reHepaTopa no^aeTCA mynTHpyiomHS + t noziBe- 
aeHHHfi qepe3 aoóaBoqnoe conpOTHBJíeHHe. 

Ot nojiyqaiomerocA TOJiqxa b KOHType, cocTOAiixeM H3 
Cl, C 2 , C 3 H Li, nOABJIAeTCA KOJieÓBTeJIbHblH TOK, OÓyCJIOB- 
jiKBaiomHň na 3a>KHMax cmkocth Ci nepeMeHHoe B03(5y>K,na 10 - 
mee HanpAnceHHe, no^BO^HMoe k yopaBJíAioineS ceTKe. Ile- 
peMeHHoe HanpnHceHHe Ha ceTKe onpefl€JiAeT noABJíeHHe nepe- 
weHHOH cjiaraiomeň aHo^Horo TOKa, a cjie^OBaTejibno, h ne- 
peMeHHbiS tok b KOHType Ci, C a . C 3 , L\. 

Tbkhm očpa30M óJiaro^apA HajinqHio b cxeMe 9JieKTpoH- 
hož .naMnbi KOJieoaTejibHbifi tok b KOHType, pa3 B03HHKHyB, 
b AaJibHeHUieM caM ce^A nojmepncHBaeT. 


ycHJiHTejiA, ycTaHOBjíeHHHe b ^Byx ero njieqax. IlocTOAHHoe 
orpHuaTejibHoe CMemenne noaaeTCA na ceTKH ot óaTapen qe- 
pe3 pa3^ejiHTejibHbie conpOTHBjíeHHA h R 5 . Ohh pa3ae- 
jiAipT uenn ynpaBJíAiomHx ceTOK b n^yx nJieqax ycnjiHTeJiA 
no OTHOuieHHio k nepeMeiíHOMy Toxy. AHo^HHe uenn JiaMn 
Kancaoro njieqa ycHJiHTejiA, npncoe^HHeHHHe k npoTHBO- 
nojK>HCHHM KOHpaM nepBTqnoH o5motkh TpaHOcjxDpMaTOpa Tu 
nepe^aioT qepe3 Hero b samnmaeiviyK) jihhhio ycnjieHHHe ko- 
jieóaHHA renepaTopa 6e3 H3MeHeHHA hx qacTOTH. 

ycHJiHTejib He HMeeT coócTBeHHoro KOJieóaTeJibHoro koh* 
Typa. riosTOMy Jiaw-nbi ycnjiHTejiA ^ojihchh paóoTaTb tbkhm 
o 6 pa 30 iM, qTo 6 w ycHJiennbie KOJieóaiiHA b hx aHOAHOH uenn 
b tgahocth coot Be t ctbob a jih HanpAHceHHAM, noflaBaeMHM Ha 
hx ynpaBJíAiomHe ceTKH ot 3 a^aiomero renepaTopa. 

fljiA o6ecneqe;iaa TpeóyeMoro xapaKTepa paóoTH JiaMnbi 
ycHJiHTejiA hojihchoI HMeTb Ha ynpaBJíAioniHX ceTKax cpaBHH- 
TeJibHo He6ojibinoe OTpHnaTe.TibHoe CMemeHHe no OTHomenHic 
K KaTOjxy (pencHM paóoTbi b KJiacce A). 3to CMemeHHe ocy- 
mecTBJíAeTCA 3a cqeT naneHHA HanpAHceiiHA ot aHOj^Horo 
TOKa B COnpOTHBJíeHHH i?6, qepe3 KOTOipOe nO^aeTCA MHHyC 
k KaTO^aM JiaMn ycHJiHTejiA ot óaTapen (noTeHUHaji Ha 
ynpaBJíAiomefi ceTKe paBeH HOTeHunajiy nojnoca óaTapen). 

ycHJiHTejib HMeeT ^ee^ JiaMnbi npH bhxo^hoS moiixhoctr 
annapaTa b 10 W. ZIjia nojiyqeHHA Bbixo^HOH moiuhocth 
b 30 W b Kancnoe njieqo ycnjiHTeJiA napajuieJibHO bkjikd- 
qaeTCA no Tpn jiaMnw. 
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TlapajiJieJibHaH pa 6 oxa ctojib 3 Haqnxe;ibHoro xojmqecxBa 
naMn Moxtex oóycjiOBHXb noasjíemie xojieóaxejibHbix xoHxy- 
r>OB, 0Ópa30BaHHHX HH^yKTHBHOCTbK) COeflHHHXejIbHbTX IipOBO- 
J20B H €MKOCTbK) M€JK,Hy aHO£OM H yHpaBJIHIOIU,eH C€TKOH 

jiawn. 

OrpaHHqeHHe eejiHWH sthx no 6 oqHbix xojieóaHHŽ aocxh* 
raeTca nyxeM npHMeHeHHH sxpaHHpOBaHHbix Jiaivrn c flonojiHH- 
TejlbHOH aHOiXHOÍí CeTKOH. 3 xH JiaMHH HMeiOX BHyTpeHHHe 
eMKocTH, bo MHoro pa 3 Menbnrae, qeM HeaxpaHHpOBaHHbie. 

flonojiHHTejibHo b uenn ynpa-BJíHiom-Hx cexox Bxjnoqaxrr- 
ca axTHBHHe conpoxHBjreHHH ^ 9 , cnocobcxByiomHe 'óojiee 
ČHCTpoMy 3 aiyxaHHio paccwaxpHBaeMbix BpeflHHX KOJieóaHHii. 

ňpneMHHK npHHHMaex h nexexxnpyex (BbmpHMJiaex) 
BucoKoqacxoxHbie HMnyjibcw h nnxaex cnennajibHoe npOMe- 
}KyioqHoe pejie, ÓJioxMpyiomee AeňcxBHe 3auiHXbi npn no- 
spe^KAeHHHx, pacnojiojKeHHbix Bii-e 3amíimaeMOH jihhhh. 

EípHe-MHHK BblilOJIHeH C nOMOmbK) OAHOŽ SJíeKXpOHHOH 
jiaMnu Toro )xe THna, qxo h b nepeAaxqHxe. Tok bmcoxoě 
qacxoxbi MOHcex nocxynaxb b npneMHHX xax ox nepejjaxqHxa, 
ycTaHOBJíeHHoro Ha axoň >xe cxopone. jihhhh qepe 3 xpaiic- 
ijiopMaxop Tu Tax h c npoxHBOnojioxcHoro KOHna jthhhh qe- 
pe 3 BTOpHqHyio oóMoxxy xpaHo 4 )opMaxopa T\ y paóoxaiomero 
b 9 xom cjiyqae aBTOxpanc^opMaxopoM. Ha ynpaBJWiomyio 
eexxy npHeMHHKa xok nocxynaex qepe 3 ABa icojieóaxejibHbix 
Koaxypa. 

» flepBbifi KOHxyp cocxoht H3 nocjieaoBaxejibHO BKJiioqeH- 
HHX nep€M€HHOH CMKOCXH C 8 H HHJiyKTHBHOCTH L 4 , Ha- 
cxpoeHHwx Ha pe30HaHC HanpaxceHHS no oxHomeHHio k xoxaM 
BWCOXOÍÍ qaCTOTbl. 

ÍIjih orpaHHqeHHH BejraqHH HanpaHteHHH, B 03 HHxaK>mHx 
sa 3 axtHMax hh^vkxhbhocxh L 4 , npn paóbxe nepenaxqnxa 
xofi /Ke cxopoHbí jthhhh, xorjia, oh qepe3 TpaHC^opíMaxop T\ 
HanpaBJínex óojibinyio MomHoexb b npneMHHK, cjiyxurr neo- 
HOBan JiaMna, BKjnoqaoMan napajuiejibHo HHjjyxxHBHoexH. 

ripn Hanpa&eHHHX, ripeBbímaiomHX HanpaxceHHe saxacra- 
HHH 3 XOH jia-MHH, paBHoe 150 V, ona neňcxByex h paccxpan- 
Baex paccwaxpHBaeMbiS KOHxyp. 

Biopoň KOHxyp cocroHx H3 nepeMeHHoS €MKOCXH Cg H 
HIMtyiKTHBHOCTÍH L 5> (HaCTpoeiHHblX Ha p€i30Ha!H€ TOKOB XOH HCe 
BhlCOKOH qaCXOXH. 

KoHxypbi C 3 H 3 aHbi HHnyKXHBiio Mexcny co 6 oh qepe3 ica- 
TyniKH L 4 . h L s . HanpH/xeane co Bxoporo KOHxypa noaaexca 
m ynpaBwXHiomyio cexxy npfHeMfHHxa. 

IlpH HopMaJibHoň pa 6 oxe 3 amqmaeMoň cexn bo 3 HHxhobc- 
nae aHO.nHoro xoxa npenoxBpamaexcn nonaqež Ha céxxy 
jiaivmbi oxpHuaxejibHoro CMemeHHH no oxHomeHHio x ee xa- 
xo^y* ÍIjth sxoro Hcnojib 3 yexcH na/jeime HanpH>xeHHH b qacxn 
conpoxHBJíeHHH Ru BKJiioqewHOH b uenb xaxo,na npHCMiH-Hxa. 

OxpHnaxeJibHoe CMemeane Ha cexxe jiaMnw BWÓHpaexcn 
npn 3xom cxojib óojibiiiHiM, qxo 5 bi B 03 H-Hxax)nxiHe b npouecce- 
paÓOTU npHeMHHxa noMexn He MorjiH npHBecxn ero b íieS- 
CTBHe. IlpH xaxoM pejxHMe pa 6 oxw ^aMnw npneMíÍHxa bh- 
npHMJieHHbiň xox b anoAHOH nenu hmcct nyjibcnpyiomHS 
xapaxxep. fljia nponycxa ero nepeMeHHHx cocxaBJíniomHx 
mhmo ójioxnpyioméro ipejre cxe.Mbi 3 am, i Hxbi ero o 6 *MOxxa, npn- 
coe^HHHeMaH x npHeMHHxy, myHXHpyexcH eMxocxtio Cn. 

nnxaHHe annapaxa. riHxaHHe ueneS aHo,aa h xa- 
Toaa npHeMonepe^axqnxa npoH3BOflHxcH ox ochobhoS axxy- 
MyjiaxopHOH óaxapen cxaHUHH hjih noncxaHnHH Ha Hanpnjxe- 
hhbx 125 hjih 250 V. npn HanpaxíeHHH 250 V nenH Haxajia 
bccx JiaMn exjnoqaxíxcH nocjie^oBaxejibHO, npn HanpaxceHHH 
125 V — napajiJiejitHO qepe3 cooxBercxseHHHe ^onojraHxejib- 
Hbie conpoxHBJíeHHH Ri h R3. JIjih HcnoJib30BaHHH óaxapeň 
c HanpqjxeHHeM 220 V ^onoJiHHxejibHoe conpoxHBJíeHHe ycta- 
iiaBJíHBaexcn Hecxojitxo MeabUiHM, qeM ajih 250 V. 

FIocxoHHHoe noxpeÓJieHHe Ha Haxaji cocxasjínex 0,9 — 1 A. 
npn pa 6 oxe nepe^axqnxa axo noxpeójieHHe B 03 pacxaex npn- 
MepHo ao 1,25—1,3 A*. 

JI H H e H H bl H XOHXyp COCXOHX H3 HHJXyKXHBH^CXefi 
L s h L 7 . Oh cBH3UBaex npneMonepeflaxqnx qepe3 bhcoxo- 
qacTOTHbiň (Jjhji^p, xoHflencaxop h ^pyrne sjíeMeHTH npnco- 
ejiHHeHHH c 3 ammn;aeMOH jiHHTieň. 

Rjin Hcnojib 30 'BaHH 5 i nojiHoft moiuhocxh nepenaxqHxa He- 
-oďxoahmo npe^oxspaxHXb oxpa.xeHHe bojih xoxob bwcoxoř 
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qacxoxH ox xoHua samHmaeMOH jihhhh. JI jih 9xoro conpo- 
XHBJíeHHe, npircoenHHCHHoe k xoímy jihhhh, aojdxho paB- 
HHXbcH ee bojihobomy conpoxHBjíeHHio. B paccMaxpHBaeMOH 
cxeMe 9X0 ocymecxBJínexcH nojióopoM cooxBexcTByiomefi ox- 
nafixH Ha BTOpHqHoň oÓMOxxe xpaHc4)opMaxopa Ti, xoxopan 
3 a 3 eMJiHexcH qepe3 xoHxyp L 4 C 8 npneMHHxa. 

CxeMa AaHHoro .BUcoxoqacxoxHoro annapaxa, xax h nep- 
Boro, paccMorpena b ynpomeHHOM npHHnnnHajibHOM BH^e. 

B ,neHCXBHxejibHyio cxeMy bxo^hx pna nonojiHHxejitHbix 
sjíeMeHXOB, b qacxiiocxH Moayjiaxop h xeJie^on ajih ocy- 
uiecxBJíeHHH CHMnjiexcHioH xeJie4)OHHOH cbh3k no npOBOjjy 
3amHinaeMoň jihhhh coeaHHHeMbiMH eň nojxcxaHiiHHMH 

(ojXHoexopoHHHH xejie^oHHaH cbh3b, HMeiomaH nepexjnoqeHHe 
c nepeAaqH na npneM). 

npHHHHn MOJiyJIHnHH CBOAHXCH K HaJIOJXeHHIO KOJieoaHHH 
3 cyxoBoň qacxoxw Ha xojieóaHHH, co3,naBaeMbie 3a,n;aK)mHM 
reHepaxopoM. 

B 3 axjnoqeHne Heo^xo^HMo oxMexnxb, qxo Ha paooxy 
BbicoxoqacxoxHbix annapaxoB Moncex oxa3biBaxb Memaiomee 
BJiHHHHe nejibiň pha 4>axxopoB: .pacnojioxceHHHe b6jih 3H pa* 
nqocxaimHH, BHCOxoqacxoxHbie annapaxbi 3amHx CMeníHHX 
jikhhíí, ycxpoftcxBa BHcoxoqacxoxHoň cbh3h h xeJieMexaHHXH, 
Hcnojib3ylomné b xaqecxse xanajia c-bh 3H npoBOjja 3 amnmae- 
mož jihhhh, axNíoc^epHbie HBJíeHHH, BOJitxoBbi jiyth Mexcj^y 
xoHTaxxaMH oxxjnoqaeMbix Bbixjnoqaxejieň, HEJiHiouiHecH re- 
Tíep&TopaMH BbicoxoqacxoxHbix xojieóaHHH, jiym b wecxe no- 
Bpejxjx^HHH 3 aimnLcaeMbix jihhhh h x. n. Ox Meinaiomero bo 3- 
neňcxBHH, oóycjiOBJíeHHoro nepBbíMH xpeMH npHHHHaMH, xax 
npa-BHJio, Bcerjia mojkho oxcxponxbCH bhóopom cooxBexcxByio- 
mež qacxoxbi h napaMexpoB annapaxoB. BjiHHHHe Tpex no- 
cjiejiHHX npHqHH b HacxoHiuee BpeMH eiue HCAOCTaxoqHO H3y- 
qeHO. Mojkho xojbko oxMexnxb, qxo npoBe^eHHbie onwxbi He 
BaperHCxpHpoBaJiH bjihhhhh Ha annapaxbi BbrcoxoqacxoxHHX 
xojiebaHHH, oóycJiOBJíenHHX Ayra.MH b Mecxe noBpejxjxeHHH, 
h, naoOopox, oxmcxhjik cHJibHos BJiHHHHe Ha aimapaxbi r yr 
BHXjnoqaxejieS. OAHaxo yxa3aHHoe HBJíeHne Moncex npHBecxH 
x HenpaBHJibHOMy jieftcxBHio aaiUHTbi ^aKHOft jihhhh —3a- 
nep>xxe paóoxbi — xojibxo b xom cjiyqae, xorjna b MOMeHi 
ee jieňcxBHH Rponsoft^ex oxxjnoqeHiíe Bbixjnoqaxejin Apyroro 
sjíeMeHXA noncxaHnHH. 

9. KOMBHHAU.HÍI HAnPABJÍEHHOB 3AmHTM 
C BblCOKOMACTOTHOB BJIOKHPOBKOB H 
flHCTAHU,HOHHO0 3AIU.HTbl 

j],OCTOHHCTBOM HanpaBJíeHHOň 3aiHHTbT C BblCO- 
KOHaCTOTHOŘ ĎJIOKHpOBKOH BBJIB6TCH 6e MrHOBSH- 

Hoe aeŘCTBHe npn noBpeaKfleHHH b jno6oft TOHKe 
3am,HmaeMoň jihhhh. CymecTBeHHbíM HenocTaTKo m 
stoh 3 am,HTbi HBJíHeTCH, o^HaKO, to, hto oHa no 
npHHUHny CBoero asěctbhh He MOJKeT paóoTaTb 
KaK pe3epBHaa npn OTKa3e BbiKJiioqaTejiH hjih 3a- 
mHTbi CMe>KHoro noBpe>KAeHHoro sjíeMeHTa cncTe- 
mh. C npyroH CTOPOHH, AHCTaHUHOHHaa 3amHTa, 
qacTO npHMeHHeMaa ajih jihhh 6 KaK ocHOBHan h 
pe3epBHaa, OTKJHoaaeT MrHOBeHHO c očenx ctopoh 
noBpeiKAeHHH b jiyquieM cjiyaae TOJibKO npHMepHo 
Ha 50-ř-70%3 aJihhh ynacTKa (cjiHr. VI, 29). Ha 

OCTaJIbHbIX 50-ř-30°/o AJIHHbl JIHHHH nOBpeiK/I&HHH 
OTKJHOHaiOTCH MrHOBeHHO TOJIbKO C OAHOH CTOpO- 
hh. C npoTHBonojiojKHoň cTopoHbí noBpejKjieHHaa 
JIHHHfl OTKJIIOaaeTCH C BbWepJKKOH BpeMeHH BTOpofl 
cTyneHH t 2 . XlHCTaHUHOHHaa 3amHTa BKjnoqaeT oc- 
HOBHbie pejie, HeoóxoAHMbie a jih ocymecTBJíeHHH 
pejieflHoft aacTH HanpaBJíeHHoň 3amHTbi c 6 jiokh- 
poBKoň. IIoaTOMy b HeKOTopbix cjiyaaax HAyT Ha 
AoóaBJíeHHe k AHCTamxHOHHofi 3amHTe bhcoko- 
aacTOTHoS qacTH. nojiyqaeMaa KOMÓHHHpoBaHHaH 



3amHTa paóoTaeT MrHOBeHHO Ha 3amamaeMoS jih- 
hhh h co cTyneHHaToň xapaKTepHCTHKoň BbiAepxcKH 
Bp6M6HH npa noBpescfl,eHHHX Ha cMexcHbix ynacT- 
Kax. CooTBeTCTByiomee coKpameHHe BpeMeHH ot- 
KjnoqeHHH noBpexíAeHHň Ha 4>Hr. VI, 29 3aniTpH- 

XOBaHO. 

ripHHUHn AeftCTBHH KOMÓHHHpOBaHHOH 3aiIIHTbI 

noKa3aH Ha <jmr. VI, 30. K cxeMe AHCTaHimoHHoň 
3auíHTbi, HMeroutefi nycKOBofi opraH 1 , opraH Ha- 
npaBJíeHHH moiahocth 2 h opraH BHAepxtKH Bpe¬ 
MeHH 3, AoóaBjíeHo npoMescyToqHoe pejie c Hop- 
M ajIbHO 33MKHyTbIM KOHT3KTOM 4 H CnepHajIbHOe 
ĎjiOKHpoBOHHoe pejie 5. IíocjieAHee BKjnoqeHo no 
cxeMe VI, 23. KaK cjie^yeT H3 <j)Hr. VI, 30, 
coneTaHHe pejie 1, 2, 4 a 5 AaeT HanpaBJíeHHyio 

3am,HTy C djIOKHpOBKOft. npH B03HHKH0BCHHH 


1) ofl,Ha H3 3ain,HT He HBjmeTca nojiHHM pe3ep- 
bom k flpyroň, nosTOMy npn BHBeAeHHH H3 pado- 
Tbl, HanpHMep, AJIH npOBepKH, AHCTaHUHOHHOH 3a- 
uíHTbi OAHOBpeMeHHo dyaeT oTKjnoqaTbca h 
H anpaBJíeHHaH 3amHTa c čjiokhpobkoh; 

2) qyBCTBHTejibHOCTb HanpaBjíenHoň 3amHTbi c 
SjIOKHpOBKOH OnpeAeJIHeTCH qyBCTBHTejIbHOCTbK) 
nycKo | Bbix opraHOB AHCTaHUHouHoň 3am,HTbi; no- 
CJieAHHe, K3K H3®e i CTHO, npHXOAHTCH odblAHO BhldH- 
paTb dojiee rpyduMH, qeM ajih He3aBHCHMoň Ha- 
npaBjíeHHoň 3amHTbi c 6 jiokhpobkoh; b ocodeH- 
HOCTH 3T0 COOÓpaHCeHHe OTHOCHTCH K KOMIlJieKTy 
OT 33MbIKaHHH Ha 3CMJIIO; B HanpaBJíeHHOH 3amHTe 
nycKOBofi opraH SToro KOMnjieKTa BHnojiHíieTCH 
BeebMa npOCTbIM H qyBCTBHTejIbHblM H COCTOHT H3 
pejie MaKCHMajibHoro Toxa, BKjnoqeHHoro Ha 



<í>Hr VI,29. XapaKTepncTHKH BusepaceK BpeMeHH 

JlHCTaHUHOHHOft 3aiUHTU H KOMĎHHHpOBaHHOH 
3aiUHTbI. 



<I>Hr. VI,30. IlpHHHHn neScTBHH cxeMbi, KOMOHHHpyrameS 
nanpaB.ieHHyro 3amHTy c BHCOKOiacTOTHoft ójiokhpobkoB 
H AHCTaHUHOHHyiO. 


noBpescAeHHH padoTaeT nycKOBoft opraH 1 , bkíiio- 
qan AHCTaHimoHHyio 3am,HTy h 3anycKaa qepe3 
HopMajibHO 3aMKHyTbie KOHTaKTbi pejie 4 BblCOKQ- 
HacTOTHbtň nepeAaTHHK. Pejie 5, ycraHOBjíeHHbie c 
odenx cTopoH jihhhh, nojiyqaiOT Ha cboh TopM03- 
Hbie o6motkh djioKHpyroutHe HMnyjibcw ot npneM- 
hhkob. Ecjih 3aMbiK3Hne npoH3ouijio Ha 3aummae- 
moh jihhhh, cpadaTbiBaioT pejie HanpaBjíeHHH moiu,- 
hocth 2 c oóeHx ee CTopoH. Pejie 4 pa3MHKaioT 
KOHT3KTbI. IlepeAaTHHKH H npHeMHHKH OCT3HaBJIH- 
eaioTCH. Pejie 2 noAaioT njnoc Ha padoqae oómot- 
kh pejie 5, h nocjieAHHe MrHOBeHHO oTKjnoqaioT 
JIHHHIO. OAHOBpeMeHHO ACHCTByiOT Ha OTKJIIOHeHHe 
nepBbte cTyneHH AHcraHu,HOHHbix 3amHT c oahoh 
HJIH AByX CTOpOH JIHHHH B 33BHCHMOCTH OT pacnO- 
jioiKeHHsi MecTa KopoTKoro 3aMbiK3HH9. IIpH no- 
BpeiKAeHHH BHe 3am;HmaeMoň jihhhh padofaeT 
nepeABTHHK npHeMHoň CTopoHbí, npensTCTByH 
MrHOBeHHOMy cpadaTbiBamno ’ cxeMbi. 3amHTa pa- 
ĎOTaeT KaK AHCTaHIIHOHHaiI, COOTBeTCTBeHHO C Bbl- 
AepjKKoň BpeMeHH BTopoň hjih TpeTbeň CTyneHH. 

OCHOBHHM npeHMymeCTBOM KOMĎHHHpOBaHHOfi 
3auiHTbi no cpaBHeHHio c BapnaHTOM ycTaHOBKH 
AByX He33BHCHMbIX 3aiII,HT — AHCTaHUHOHHOH H Ha- 
npaBJíeHHoň c djioKHpoBKofi — HBjíHeTca skohqmhh 
b KOAHnecTBe pejieňHoro odopyAOBaHHH. Oah3ko 
Taxoe odijeAHHeHHe HMeeT h HeKOTopbie HeAOCTaT- 
kh, k KOTopuM HeodxoAHMO otHecTH cjieAyiomee: 


4>HJIbTp TOKOB HyjieBOH nOCJieAOBaTejIbHOCTH, B AH- 
CTaHiiHOHHoň 3amHTe nycKOBbíM opraHOM npa 3a- 
MblKaHHHX Ha 3eMJIK) HBJIBIOTCH odblHHO 3 H 3 HH- 

TejibHO dojiee rpyóbie pejie mhhhm aAbHoro HMne- 
AaHca. 

npHHHMaa bo BHHMaHHe yKa 3 aHHbie coodpaiKe- 
hhh, b HacTOHin.ee BpeMH, KaK npaBHjio, He HAyT 
Ha o6T»eAHHeHHe HanpaBjíeHHoň 3aiHHTbi c 6 jiokh- 
pOBKOft H AHCT3HHHOHHOH B HaCTH OCHOBHbIX pejie, 
pearapyioiHHX npH 3aMbiKaHHax Ha 3 eMJiio. HHaqe 

AejIO OĎCTOHT C Me5KAy4>a3HblMH KOMnjieKT3MH. 

Ohh AOCTaTOHHO cjioxHbí h TpedyioT dojibuioro K 0 - 
jiHqecTBa pejieftHoro odopyAOBaHHH, ocodeHHO 
ecAH yqeeTb HeoóxoAHMOCTb ycTaHOBKH cneiiHajib- 
hhx djioKHpoBOK ot KaqaHHň h HapyuieiiHH b He- 
nax HanpHHceHHH. riosTOMy hx o6T>eAHHeHHe hb- 
jiaeTCH b pHAe ejiyqaeB BeebMa paHHOHajibHbíM h 
AaeT npn HeKOTopbix KOHCTpyKHHHx h cxeMax npn- 
eMneMoe b odmeM peineHHe Bonpoca. 

10. nPMMEP BbinOJIHEHHH AHCTAHUHOHHOH 
3AIUHTU C BblCOKOHACTOTHOH BJIOKHPOBKOB 

KoMÓHHamw HanpaBJíeHHOH 3amHTbi c nhicoxonacTOTHOH 
ĎJIOKHpOBKOH H AHCTaHUHOHHOft 33UIHTH B OHHOM KOMHJieKTe 
pejie paccMOTpena Ha npHMepe aHCTaHiiHOHHOft aMnenaHcnoii 
3aiu.KTU c BHCoKoqacTOTHoft ÓJiOKHpogtoft BecTHHray3. 

BbrnojnieHHe cxeMbi. n pHammnH ajn>naíi oxa\ia pejieřiHoň 
Áaci® 3amHTH npeutCTasjíeiHa Ha <l»tr. VI, 31. 
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Cxewa npejjqasHaqeHa jijih ceTefi c 6ojibiiiHMH tok 3 mh 
3aMblK3HHH Ha 3eMJIK) H BKJIIOHaeT IIOSTOMy 3amHTbI OT 3 a- 
MHKaHHH Me>K,Hy <J)a3aMH H OT 3aMbIKaHHH Ha 3eMJHO. 

3am.HTa ot 33MbiKaHHH Mexvjíy (j)a3aMH npejicTaBJíneT 
Tpex(})a3Hyio TpexcHcreMHyio jTHcraHUHOHHyio 3amHTy HMne- 
^aHCHoro THna co CTyneHqaTOH xapaKTepHCTHKoň BM,nep>KKH 
speMeHH h HMne^aHCHbíM nycKOBbíM opraHO'M. J!Xo6aBJieHHe 
Heň BiiICOKOHaCTOTHOH ČJIOKHpOBKH JjaeT B03MOJKHOCTB 
ooecne^HTb jiByxcTOpoHHce OTKjnoqeHHe noBpe>Kj!ieHHH, pacno- 
JIO)KeHHOrO B JIIOČOH TOHKe 3amnmaeMOH JIHHHH Óe3 BM- 
,aep}KKn BpeMeHH. 

npH noBpexvneHHHx, pacnojbmemibix BHe 3amamaeMOH 

JIHHHH, a TflKHCe IipH HOBpejKUeHHHX Ha JIHHHH npH OTKJIIO- 


Om 3auxumbt (pas A u B 


Ily CKOBHM OpraHOM 3aiIXHTbI OT MeHCJ!iy4)tl3HbIX 
oaMbiKaHHH cjiyxcHT pejie MHHHMajibHoro HMne^aHca Z-3 „ 
BKJHonaeMoe Ha (})a3Hbie tokh h jiHHeňHbie HanpHxceHHH, Ha- 
npHMep, (})a 3 bi C — Ha tok ic h jkcctko no,nBe,neHHoe Ha- 
upHHKeHHe Uq A . Pejie HMeeT TpH KOHTaKTa: rb a HOpMajibHO 
paSOMKHyTHX H OJIHH 3 aMKHyTblH. OflHH H3 HOpMaJIbHO 
pa30MKHyTbIX KOHTaKTOB BKJHOqeH nocjienoBaTejibHo c koh- 
TaKTOM pejie HanpaBJíeHHH mojuhocth D-3 h KOHTaKTOM pejie 
BpeMeim T-3 , coaaaiomHM Bbi^epjKKy BpeMeHH^ TpeTbefi CTy- 
neHH 3 aiIXHTbI. BTOpOÍÍ HOpMaJIbHO pa30MKHyTblň KOHTaKT 3a- 
nycKa-eT b pačoTy npoMexcyToqHoe pejie CS-3 (jijih <J)a 3 b 5 
C-CSC-3), qepe 3 *KOTopoe BKjiioqaeTCH b p 26 oTy pejie Bpe¬ 
MeHH h no^aeTCH MHHyc Ha KaTO# 3a,aaiomero reHepaTOpa, 

npH 9TOM nyc-KaeTCH BH<coKoqa- 


\H samume (pes 
AuB 


^mr fía 

\CUdHCLn | 

'$¥\CS I 


H mm ody sadqte- 
ufeeo aeHepamopa 


CTOTHbIH nepeOiaT^HK. XpeTHH 
HOpM-aJIbHO 3a(MiKHiyTblň KOHTaKT 
CJiyiHCHT JI,JIH 3a.KopaHHBaHHH o6- 
motikh yiKaaaHHoro Bbmie npo- 
MejKyTOHHoro pejie CS-3 npffi 
BOt3BpameHHH nycKOBoro oprana 
b mcxoAHoe nojiooKeHHte. řípu 
©TOM paaMbiKaeTCH uenb oďmot- 
/KH pejie BpeMeHH oa oho bo< 3- 
BpamaeTCH o HOpMajibHoe nojio- 
HceHUe. KpoMe toto stot koh- 
t&kt ympaiBjíHeT xaKixce npoMe- 
HcyTOHHHM-H pejie A-6, B-6, C-6 

(ji JIH <J>a3BaI C-C-6) ÓJIOKHpOBKB 

ot KaiqaHHfi. 

OMMi©TpaiM,H nepBOH , H BTO- 
fOH 30 H 3 amHÍTU HBJIHIOTCH 




Jtnn.npodepKu 




4>ht. VI,31. ripHHumiHajibHaH cxeMa 
AHCTaHUHOHHOÍi 3aiUHTbI C BblCOKOqa- 
CTOTHOH ČJIOKHpOBKOH BecTHHray3. 


neHHOH BbicoKoqacTOTHoň qacTH 3amHTa pačoraeT KaK Hop- 
MajibHan jiHCTaHiuioHHaH. 

KoMnjiexT 3amHTbi ot 3aMHKaiiHfi Ha aeMJiio npejjCTaB- 
jineT TOKOByio HanpaBjíeHHyio 3auiHTy Hyjiesofi nocjiejxoBa- 
TejibHOCTH, j^eHCTsyiomyio cejieKTHBHO npH HajiHqHH bhcoko- 
HacTOTHoň ČJIOKHpOBKH. 3amHTa paóoTaeT tojibko. npn 3 aMW- 
KaHHHx Ha 3SMJHO Ha 3amHmae<viofi jihhhh h ^ojiHCHa bwbo- 
HHTbCH H3 piĎOTbl npH OTCyTCTBHH BHCOKOqaCTOTHOfi ÓJIOKH- 
PjDBKH. 

KoMnjieKT 3auiHTW ot 3aMWKaHHfi Mexcay (J)a3aMH cHa 6 - 
)KeH ÓJioKHpoBKoň, npejxoTBpamaiomeH ero HenpaBHJibHbie 
acňcTBHH npH KaqaHHHx. 

Ha (Jjht. VI, 31 OMMeTpw /nepBofi h btopoh 30hm y c- 
jiobho noKa 3 aHbi coEÍiemeHHbíMH b oahom pejie Z-3 c hm- 
nejíaHCHbíM nycKOBbíM opraHOM. 


TaKHte pejre MHHHMajibHoro HMne^aHca c HenocpejicTBeHHt>i\s 
HOHBO^OM HanpHHCeHHH K HX o 6 MOTKaM. 

Pejie, 3a'KjnoqeHHbie 3 oóiixhh Koncyx, na cxeMe oÓBejie- 
hh nyHKTHpOM h o 6 o 3 HaqeHw oómeň uh^poh. 

ÍIjih oóecneqeHHH óojiee npaBHjibHoro 3aMepa cohpothb- 
JI6HHH OMMeTpH BKJIIOqeHU Ha pa3H0CTH (j)a3HbIX TOKOB H JIH- 
HeiiKbie nanpHHceHHH, HanpHMep, OMMeTp (j}a3H C — Ha tok 
l c — H HanpHHceHHe U CA . BKJiioqeHHe Ha pa3H0CTb jih- 
•Hetabix tokob ocymecTBJíneTCH c Hcnojib30BaHHeM npOMe>Ky- 
TOqHHX TpaHC(jK)pMaTOpOB TOKa C K09(})HUHeHT0M TpaHC(J)Op- 
MaiiHH 5/5. KoHTaKT OMMSTpa nepBOH 3ohw BKJiioqeH nocjie- 
£OBaTejibHO c KOHTaKTOM pejie HanpaBjíeHHH moih,hocth vl 
co3jxaeT nepByio 30Hy 3amHTW. KoHTaKT c-MMeTpa BTopoíí 30 - 
hu BKJiioqeH nocjie^OBaTeJibHO c koht3ktom toto nce pejie 
MOIIXHOCTH H KOHT3KTOM pe.7ie BpeMeHH T-3 , CC3AaiOHIHM Bbl- 
j^epHíKy BpeMeiiH BTopoíí CTynenn 3aniHTbi. npH noBpejKjie- 
hhh Ha 3aiimmaeMoS jihhhh h paóoTe bhcokoh qacTOTbi koh- 
TaKTW BbIJiep>KKH BpeMeHH BTOpOH CTyneHH HiyHTHpyiOTCH 

KOHTa-KTaMH npHeMHoro ĎJioKHpOBoqHoro pejie RR-6 h 3 amn- 
Ta Moxcex HeňcTBOBaTb MrHOBeHHO. 




















OpraHOM HanpaBjíeHHH mouihocth npn MHoro- 
4>a3HHX 3aMbIKaHHHX HBJIHIOTC5I TpH OUHO(])a3HbIX pejie Ha- 
upaBJíeHHH mouihocth D-3, BKjnoqeiiHbie nenocpeucTBeeHO na 
JiHHeňHbie HanpH>KeHHH no cnenHaabHOH 60° cxeMe, b koto- 
poň, HanpHMep, uan (})a3bi A tok Iq — 1 &čoqeTaeTca 
c jiHHeHHHM Haupa^KemieM UQ B . 

FlycKOBbíMH opranaMH 3amHTbi ot 3aMHKaHHH «a 
36MJIIO HBJIHIOTC5I TOKOBbie pejie Iq -4 H h"-4, BKJIIOneHHbie 
na <})HJibTp tokob HyjieBOH nocaeuoBaTeabHocm 

OpraHOM HanpaBJíeHHH mouihocth npH 3aMbiKa- 
hhhx Ha 3eMJiio cjiy>KHT pejie HanpafijieHHH mouihocth D 0 -4, 
BKJTKDHeHHOe Ha (J)HJIbTpbI TOKa H HanpHHceHHH HyaeBofi no- 
cjiejiOBaTejibHOCTH. 

Uenb OTKJHOHCHHH npH 3aMHKaHHHX Ha 3CMJIK) npOXO^HT 
«iepe3 noc ji e aob aTejibHo coenHHeHHwe KOHTaKTbi TOKOBoro 
pejie h'-4, pejie HanpaBJíeHHH D 0 h KOHTaKT npHeMHoro 6 jio- 
KHpoBOHHoro pejie RR-6. 

Peae b peMCHH BbinojiHeHO Ha nepcMeHHOM Tone 
s BHne CHHxpOHHoro 'MOTOpHHKa, nHTaeMoro qepe3 npOMeacy- 
TOHHHH HaCblUiaiOUIHňCH TpaHC(})OpMaTOp TOKa CT-3. 

BjiOKHpOBOHHoe pejie RR-6 npencTaBJíHOT coóofi 
BbícOKOHyBCTBHTenbHoe nojmpH30BaHHoe pejie nocTOHHHoro 
TOKa C UByMH OĎMOTKaMH — paĎOHCH H TOpMO3H0H. PaÓOHaH 

oĎMOTKa nHTaeTcn ot aKKyMyaaTopHOH óaTapen noacTaHUHH 
h HOpMajibHO 3amyHTHpoBaHa 33MKHyTHMH KOHTaKTaMH npo- 
MexíyToqnbix pejie CSP-6 h CSG-6 , npHBOUHMHx b aeŘCTBHe 

COOTBeTCTBeHHO npH 3aMbIKaHHH KOHT3KTOB peae HanpaBJíe- 
hhh mouihocth D-3 h OMMeTpa BTOpoS 'CTyneHH hjih opraHa 
mouihocth D 0 -4 h tokoboto pejie Iq-4 . 

TopM03Han o6motk 3 v peae BKjnoneHa b aHOUHyio uenb 
npneMHHKa' h nHTaeTcn npH upneiie BbinpHMJieHHbíMH tok3mh. 
OpH HopMajibHoň pačoTe oóe o 6 motkh ójiokhpobohhoto pejie 
oóecToqeHbi. JIjih ushctbhh pejie HeoóxouHMo HajiHqne TOKa 
b paóoqeň oĎMOTKe npH o6a3aTeabHOM ero OTCyTCTBHH 
B T0PM03H0Ě. 

B nocjieuHHx MOnn^HKauHHx cxeMH npeaycMaTpHBaeTca 
TaK>Ke uiyHTHpoBaHHe nopMajibHO 3aMKHyToro KOHTaKTa pejie 
CSP-6 nocpeucTBOM aouoaHHTeabHoro 3aMHKaiouierocH KOH¬ 
TaKTa Ha pejie CSG-6. TaicnM cuocoóom npeaoTBpamaeTCH 
tieHíejiaTejibHaH nyjibcauHH cxcmh npH 3aTnrHBaiouieMCH ot- 

KJIIOqeHHH OUHOlj)a3HbIX 3aMbIK3HHfi Ha 3eMJII0. 

CnrHa JibHoe peae Ál-6 <npe,HHa3HaqeHo aaa ne- 
pHouHqecKoíí npOBepKH ncnpaBHOCTH BwcoKoqacTOTHoň ycTa- 
HCBKH. 

ílepeKjiioqaTejib SW cayacuT uan OTKJiioqeHHH 
BblCOKOqaCTOTHOH qaCTH 3aiUHTbI. Oh npOH3BOUHT CJieuyiOUIHe 
onepauHH: a) oTKjiioqaeT 3auiHTy ot 3aMMKaHHň Ha 3eMJiio; 
6) BHBOUHT II3 UeHCTBHH BblCOKOqaCTOTHyK) qaCTb MeJKUy- 
(J)a3HOH 3aiUHTH, OCTaBJIHH B pa50Te UHCTamiHOHHyiO 3aiUHTy 
co CTyneHqaToň xapaKTepHCTHKoň; b) pa3pHBaeT uenb 6ao- 
KHpOBKH OT KaqaHHH. 

BbicoKoqacroraaH qacTb cxeMbi 3auiHTbi aaHa na 
íj)Hr. VI, 28. 

PafíoTa cxeMbi. npn paoaJHiqHHix Broax noBipeaKiuenHa 
cxeMa paóoTaeT cjieuyiouiHM oópa30M. 

3aMHKaHHe Menwiy (j)a3aMH Ha 3auiHiuae- 
MCH JIHHHH C flByXCTOpOHHHM n H T a H 1 H e M. Pa- 
čioTaeT nycxoBoS opraH Z*5, nouaBaa MHHyc Ha KaTOA 3a- 
naiomero reHepaTopa qepes HopMajibHo 3aMKHyTHe KOHTaKTH 
npOMexcyToqHbix pejie CSP-6* h CSG-6. IlepeuaTqHK upHxo- 
Uht b ueucTBHe, nocbiJian ĎJiOKHDyiouiHe HMnyjibCH Ha o6a 
KOHua 3auiHuiaeMofi jihhhh. CpaóaTbCBaiOT oMMeTpw BTOpoň 
30Hbi h pejie HanpaBJíeHHH mouihocth D-3 , nocHJian HMnyjibc 
Ha npOMexcyToqHbie pejie CSP-6. IIocjieuHHe ueňcTByioT, 
pa3pwBaioT uenb MHHyca, nonaBaBUierocn Ha 3auaiouiHH re- 
HepaTop, h nepeuaTHHKH o6enx ctopoh ocTanaBJíHBaiOTCH. 
B paóoqnx oÓMOTKax ÓJioKHpyiouiHx pejie RR-6 tiohbjihiotch 
TOKH, T0pM03Hbie MQ OÓMOTKH OÓeCTOHeHH; nosTOMy pejie 
RR-6 cpa6aTbiBax)T h 3aMHKaiOT uenb ujih HMnyjibca Ha ot- 
KJiioqaiouiHe KaTyuiKH BbiKJiioqaTejieH UByx ctopoh jihhhh. 

OuHOBpeMeHHO c pačoTOň 3auiHTH qepe3 OMMeTpw. bto- 
pbix cTyneHeň h ÓJiOKHpOBoqHbic pejie RR-6 c ojihoS hjih 
H 3yx ctopoh jihhhh b 3aBHCHMOCTH ot MecTa h xapaKTepa 
řioBpexíueHHH nefícTByiOT nepBbie CTyneHH UHCTaHUHOHHOfi 


3amHTH. Oh* npoHSBoaaT OTKjnoqeH«e BWKjnoqaTejieS, mh- 
Hyn ojioKHpoBoqHoe pejie. 

SaMHKaHHe Ha 3eMJiio Ha 3auiHuiaeMoa jih¬ 
hhh. PaooTaeT tokobhS nycxoBoň opraH 7 0 "-4, nojiaBan MH¬ 
Hyc Ha Károu 3auaiomero renepaTOpa qepe3 HopMajibHO 
3aMKHyTbie KOHTaKTbi npOMexcyToqHoro pejie CSG-6. riepe- 
UaTHHK npHXOUHT B U^HCTBHe, IIOCblJiaH ÓJIOKHpyiOIUHe HM- 
nyjibCH Ha o6a kohub 3a^UHuiaeMoň jthhhh. CpaóaTHBaiOT to- 
KObbie pejie Iq'-4 h pejie HanpaBJíeHHH mouihocth D 0 -4, nocu- 
Jian HMnyjibc Ha npOMeHcyToqHce pejie CSG-6. nocjieuHee 
U^HCTBycT h pa3pHBaeT uenb MHHyca, nouaBaBuierocn Ha Ka- 
tou 3auaiouiero renepaTOpa. Ilpn UByxcTopoHiieM mnaHHH 
TOK3MH HyjieBoň nocjieuoaaTejibHocTH bwbouhtch H3 pa6oTu 
nepeuaTqn-KH o6enx ctopoh jihhhh; npH o-uHocTOpoHHeM nn- 
TaHHH ncpenaTqHK nirraiomeH CTopoHbí (nepeuaTHHK npneM- 
hoh CTopoHbí b UBHCTBHe npHxouHTb He Mor). BjiOKHpyioinee 
pejie RR-6 cpa^aTbisaeT, Tax KaK ero paĎoqan oÓMOTKa ae- 
uiyHTHpyeTCH h b Heu B03HHKaeT tok. Co3uaiOTCH uenn a-nn 
noaaqn OTKaioqaiomHx HMnyabcoB h OTKaioqaioTCH oaHH huh 
ooa BHKaioqaTeaH jihhhh b 3aBHCHM0CTH ot qncaa ctopoh 
ee nHTaHHH TOKaMH nospejKaeHHH. 

CxeMa ynpaBJíeHHH bhcokoř qacTOTofi, KaK caeayei H 3 
q)nr. VI, 31, BbinoaneHa TaKHM o6pa30M, hto aaeicn npea- 
noqTeHHe aan paóoTH KounaeKTa peae, npeaHa3HaqeHHoro 
aan aeficTBHH npH 3aMbiKaHHHx Ha 3eMjno. 3 to 03Haqaei, 
hto ecjm cpaóoTaa nycKosoň opraH 3auiHTH ot 3aMbiKaHHň 
Ha 36Maio — pejie Iq"-4 h 3anycTHa nepeaaTHHK, to peae 
MeHvay4>a3Horo KOMnaeKTa He MoryT yxce ero ociaHOBHTb, 

H HaoóopoT, o ct a hob aenHbiS KOíMnaeKTOM ot saMMKaHHíí na 
3eMaio nepeaaTHHK He mojkct 6biTb 3anyuieH Me}Kay(i)a 3 HbiM 
KOMnjieKTOM. 

Lteab Taxoro npeanoqTeHHH 3aKaioqaeTCH b tom, qio6bi 
npeaoTBpaTHTb HenpaBHabHyio pa6oTy 3auiHTM npn BHyipeH- 
HHX H^CKB03HHX 33MbIKaHHHX Ha SeMaiO 3a CHeT HeCOBep- 
uieHHoň paĎOTH MeHíay4>33Horo KOMnaeKTa npn sthx na- 
BpencaeHHHX. 

3aMbiKaHne M^e xcay $a3aMH hjih Ha 3eMJira, 
b He 3auiHuiaeM,OH jihhhh. B stom cayqae c nHiaio- 
meň CTopoHbí cpaóaTHBaiOT nycKOBbie opraiiw 3auiHT ot 3 a- 
MWKauHň Mexcay (})a3aMH na h na 3eMaio Z-3 , I 0 "-4 , peae 
HanpaBaeHHH mouihocth D-3 nan Do-^, 0'MMeTp BTopoS CTy¬ 
neHH, ecan noBpexcaenHe pacnoaoHíeHo b ero 30He neíicTBHsi, 
Han TOKOBoe OTKaioqaicuiee peae 3auiHTbi ot 3aMMKaHHH Ha 
seMaio Iq' -4. TaKHM o6pa30M nepeaaTqHK c stoíí CTopoHbí 
MoaceT 6 htb ocTaHOBaeH. CeaeKrnBHOCTb 3auiHTbi npn 3 a\íH- 
KaHHHx na 3eMaio h Mexcay(})a3Hbix 3aMbiKaiHHnx b 30ho aeHCT- 
bihh OMMerpa BTOpoň CTyneHH, Moryuiero paóoiaTb 6e3 Bbi- 
aepncKH BpeMeHH qepe3 KOHTaKTbi óaoKHpOBoqHoro peae, ao- 
CTHraeTCH npn stom 3a cqeT pa6oTH nepeuaTHHKa npHeMnoň 
CTopOHH, nocbiaaiouiero ĎaoKHpyiouiHe HMnyabCM Ha npneM- 
HHKH OÓeHX CTOpOH aHHHH. TpeTbH CTyneHb UHCTaHIIHOHHOH 
3auiHTbi uoancHa paĎOTaTb npasHabno óaarouapn BHÓpaHHoíi 
COOTBeTCTByiOUIHM. o6pa30'M BHaepJKKe BpeMeHH. 

Heo6xoiUHMO OTMeTHTb, hto b npHBeaeHHOM BbinoaneHHH 
npn Tpex$a3Hbix 3aMHKaHHnx, pacnoaonceHHHx BHe 3auiHmae- 
MOS JIHHHH, HO B 30He USHCTBBH BTOpHX HaH TpeTbHX CTy- 
neHeň UHCTaHUHOHHoň 3auiHTbi nocaeuHHH OTKa3biBaer -b pa- 
ÓOTe. Sto OÓTbHCHHe fCH TeM, HTO UHCTaniIHOHHaH 3aiIIHTa 
HMeeT cneunaabHyio paccMaTpHBaeMyio HHH<e óaoKupoBKy ot 
K anaHHfi, aencTByiouiyK) % h npn Tpex4)a3Hbix 3 aMUKaHH 5 ix 
c BhraepjKKOH BpeMeHH, MeHbiueň BbiuepxcKH BTopoň CTyneHH 
SaiUHTbl. 

BTOpbie, a TeM 6oaee TpeTbH 3 ohh aHCTaHUHOHHbix 3a- 
iuht, KaK npaBHao, na KaqanHH ne pearnpyioT^ BcaeacTBHe 
óoabniHX ycTasoK BbiaepnceK BpeMeHH. riosTOMy očwqHO 
aan oóecneqeHHH pe3eDBnoro ushctbhh ancTaHiiHOHHbix 3 a- 
uiht Ha CMeacHHx yqacTKax npn Tpex4)a3Hbix 3aMbiKanHHx 
hx BTopwe h TpeTbH CTyneHH nycKaiOT noMHMO óaoKiipoBKH 
ot KaqaHHá. 

BaoKHpOBxa 3aiuHTbi npn xaqaHH&x. KoMnaeKT 3 aniH:Tbi 
ot 3aMbixaHHH Ha 3eMaio, KaK BKaioqeHHbiH Ha (JwabTpbi 
nyaeBOH nocaeaoeaTeabHOCTH, óaoKHpoBKH He TpečyeT. 3Ta 
óaoKHpOBKa ueoĎxouHMa ToabKo naa nepBOH CTyneHH uh- 
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CTaHwiOHHoň 3amHTH h BTopofi ee CTyneira npn paóoie 

C B bl COKOH H'CT 0 THOM ÓJIOKHpOBKOH. 

B OCHOBy BbUlOJIHeHHH ÓJBOKHpOBKH nOJIOXCeH XipHHUHn, HC- 
nojib3yK>mHH pa3Hwň xapaKTep H3MeHeHHH bo BpeMeHH hm- 
neaaHCOB Ha 3axaiMax pejie npH bo3hhkhob€hhh kopotkhx 
3aMHKaHHM h npH KaqaHHHx: b nepBOM cjiyqae HMneAaHCW 
CHHXtaiOTCH CK3HKOM, BO BTOpOM H3MeHHK)TCH IIJiaBHO. Ilo- 
9TOMy npH KOpOTKOM 3aMHKaHHH TiyCKOBOH OpTaH H OMíM€Tp 
BTopoň 30HH paĎoTaiOT npaKTHqecKH -MrHOBeHHO, rapn Kaqa- 
hhhx — c pasHifueS bo BpeMeHH, onpeAeJiHeMoň nepHOAOM 
KaqaHHH h pa3JiHqHeM b ycTaHOBKax HMneAaHCOB TporaHHH. 

JJjih ocymecTBjíeHHH ójiokhpobkh b cxeMy AonojiHHrejih- 
ho BBejieiibi cjieayiomHe pejie: Tpn npoMexcyToqHwx pejie 
A-6, B-6 h C-6, HMeiomHX no oAHOMy nopMajibHo 3aM«Hy- 
TOMy h OAHOMy HopMajibHO paQOMKHyroMy KOHTa-KTy, peJie 
BpeMeHH MaHTHHKOBoro Tuna P-6 h npoMexcyToqHoe ójiokh- 
poBoqHoe pejie X 2 -6. 

Uenb oTKjnoqeHHH MextAy(})a3Horo KOMnjieKTa 3amHTbi 
npoxo^HT qepe3 napajuiejibKO BKJiioqeiHHHe HopMajibHo 3aMK- 
HyTbie KOHTaKTH pejie A-6, B-6, C-6 h X 2 -6. Pejie A-6, B-6 
h C-6 npHBOAHTCH. b paóóry qepe3 HopMajibHO pa30MKHy- 
Tue (BKjnoqaiomHe^eiíepaTop) h 3aMKHyTwe (myímipyioiuHe) 
KOHTaKTbi nycKOBHx opraHOB Z-3. Pejie P-6 ©KjnoqeHO qepe3 
HOpMajibHO pa3CMKHyTbie nocjienpBaTejibHo coeAHHe»Hwe koh- 
TaKTbi pejie A-6, B-6 K C-6 n HopMajibíHo 3aiMKHyTwS koh- 
Ta-KT npneMHoro 6jioKiHpyiomero pejie 3amHTbi RR-6. Bjiokh- 
po©oqHoe pejre X 2 -6, BHBOAHiuee cxeMy 3amHTH H3 achct- 
bhh npn KaqaHHHx, nojiyqaeT lEHTanne npn 3 aMHKaHHH 
HnxcHero KOHTaKTa pejie P-6 . 

npn B03HHKH0BeHHH KaqaHHŘ b nepsyio oqepeAb oaho- 
BpeweHHO cpa<6aTHBai0T nycKOBwe opraHH Z-3 Tpex 4> a3 « 
MrHOBenHO AeifcrayiOT pejie A-6, B-6, C-6, pa3iMHKaH Hop- 
MajibHO 3aMKHyTbie h saMH-Kan HopMajibHO pa 30 MKHyTwe 
KOHTaKTH. 3auiHTa ociaeTCH BKjnoqeHHofi qepe3 3a'MKHyTbifi 
K0HT3KT pejie X 2 -6. KoHTaKT pejie RR-6 b uenn pene P-6 
ocTaercH npH 3 tom bo bchkom cjiyqae b TeqeHne HeKOTO- 
poro BpeMeHH eme 3aMKHyTHM, Tax KaK pejie RR-6 uorner 
no^eiícTsoBaTb tojibko nocjie cpa6aTHBaHHH OMMexpa BTopoň 
cTyneHH pejie Z-At 3 aMMxaK>iuero cboh KOHTaKTH npn Kaqa- 
hhhx no3>Ke, qeM itycKOBOH oprán. FIosTOMy qepe3 oÓMOTKy 
pejie P-6 ycneeT npoňTH HMnyJib-c hoctohhhoto Tona, oho 
CpaÓOTaeT, 3a»MbIKaH HHXíHHS KOHTaKT, H OĎyCJIOBHT jiqPi- 
cTBHe pejie X 2 -6, ©wBOAHiuero 3auxHTy H3 paĎOTH. 

JXnn Toro hto6h 3amHTa He BHBOAHJiacb TaKxce H3 
paÓOTH npH TpeX(J)a3HHX KOPOTKHX 3 aMHKa'HHHX, oompoDO*- 
ZiaiOmHXCH, KaK H npH KaqaHHHX, OAHOBpeMeHHHM pa3MHKa- 
HneM KOHTaKTOB pejie A-6, B-6 n C-6, pejie X 2 -6 ( pa 3 pHBaeT 
uenb 3amHTH >c HeKOTOpož Heóojibinoň bha^phocoÍ BpeMeHH 
(ipH-qeTbipe nepnona), pojibmeH BpeMeHH acSctbhh nepBoň 
CTyneHH AHCTaHUHoímoň 3amHTH h BpeMeHH AeiícTBHH 3a- 
UHTbi c BbicoKoqacTOTHoň 6jiokhpobkoS (npHMepHo ABa ne- 
pnojna). 

Ecjih b TeqeHHe nepnoAa KaqaHHfi npneMHoe ojiOKHpo- 
BOHnoe pejie RR-6 cpaóaTbmaeT, oho pa 30 MKHeT cboíí Hop- 
MajibHO 3 aMKiiyTbiH KOHTaKT h oóecToqHT pejie BpeMeHH P-6. 
MaHTHHK pejie HaqHHaeT KOJiečaTbcn, 3aMHKaH nonepeMeHHO 
BepxHHft h hhhchhh KOHTaKTbi pejie. ÍIpH 3TOM 6jiOKHpyiom.ee 
pejie X 2 -6, nojiyqan noAnHTKy, coxpaHaeT cboh KOHTaKTbi 
pasoMKHyTHMH a<> Tex nop, noxa aMnjiHTyAa KOJieĎaHHň 
MaaTHHKa pejie P-6 «e chh3htch ao BejiHqHHH, npH koto- 
poň MaHTHHK y>Ke Ke AOXOAHT A O CBOHX KOHTaKTOB. JIjih 
npe^oTBpameHHH HenpaBHJibHož pa6oTH 3anmrbi BHAcpnuca 
bpeMeHH, co 3 AaBaeMan pejie P-6, onpeASJíHiomaH BpeMH boc- 
cTaHOBJíeHHH OTKJiioqaiomeH uenn 3auxHTH kohthktom ^pejie 
aV 6\ AOjnKHa 6biTb npHMepno paBHa nepnoAy KaqaHHfi ch- 

CTeMbl. 

Ecjih b nponecce KaqaHHfi Ha 3amHmaeMOM yqacTKe 
npoiT 30 HAST Tpex4)a3Hoe 3aMbiKaHHe, uenb orKJiioqeHHH 3a- 
lUHibi BOccTaHaBJíftBaeTCH h ona MomeT oTKJiioqHTb noBpexc- 
Aernie TOjibKO c BbinepJKKoň BpeMeHH, onpeAejineMoň pejie 
BpeweHH P-6 , TaK KaK hh oahh H3 nycKOBHx opraHOB 3a- 
IUHTbl He B03BpaTHTCH © HCXOAHOe HOJIOHCeHHe H, cjieAOBa- 

Tejibno, hh oaho H 3 pejie A-6, B-6, C-6 we 3aMKHeT uenn 
OTKJiioqeHHH. JI, jih 6ojiee ówcTporo BoccTaHOBJíeHHH paóoTbi 
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3aiUHTH HpH HeCHMMeTDHqHHX nOBpeJKAeHHHX HCnOJIb3yK>TCH 
HOpMajibHO 3aMKHyTbie KOHTaKTW pejie A-6, B-6 « C-6. Ecjie 
b nponecce KaqaHHH npOH3oňA€T, HanpHMep, 3aMHKaHHe Mexc- 
Ay AByMH. (J)a3aMH, nycKOBwe opraHH oahoh hjih AByx <J)a3 
npH onpeA€Ji€HHbix yrjiax pacxoxcACHHH oceň poropoB Ka- 
qaioinHxcH MauiHH B03BpaTHTCH b HaqajibHoe nojioxcenne^ 
K.rHOiBeHHO 3aM'KHyTCH KOHTaKTW OAHOTO HJIH AByX COOTBeT- 

CTByKMUHx pejie A-6, B-6, C-6 h BOCCTaHOBHT uenb otkjiio- 
qeHHH 3aiuHTH noMHMO pejie X 2 -6. 

B pejieŽHyio qacTb 3 amHTbi bxoaht eme cepnecHwe 
npoMexcyToqHwe pejie CS-3 h CS-1, paóoraiomHe no cxetvie 
Ha «npHJlfonaHHe». ílepBwe inyHTHpyioT uenn OTKJiioqeHHH 
pa3A€JIBHO KaHKAOň H3 (J)a3 aHCT aHuHOHHOH 3amHTW, BTOpWe 
npOH3BOAnr myHTHpo3aHHe b uejioM OTKJiioqaioiuHx ueneň 
3 amnT ahct a huhohhoh h pa6oTaiom^H c BwcoKoqacTOTHOH 

ÓJIOKHpOBKOH. 

HaAHqne sthx pejie Aaer B03M0XCH0CTb ochobhwm pejie 
3 auuiTW AeficTBOBaTb HenocpeACTBeHHO Ha oTKJUoqaiomyK> 
KaTyiniKy BWKjnoqaTejin, oĎecneqHBan b to xce BpeMH Ha- 
AexcHOCTb OTKJiioqaiomeň uenn. CjieAyeT OTMeTHTb, qTo^yxce 
Ha.nHqne OAHoro pejie CS-1 onpeAeJineT yKa3aHHwe CBOŽcTBa 
cxeMW. 

B paccMOTpeHHOM, AaBaeMOM BecTHHray3 bh* 

nOJIHeHHH AHCTaHUHOHHaH 3amHTa MOXCeT ABHíCTBOBaTb Henpa- 
BHJibHO npH HapymeHHHx b ueiinx H3MepHTejibHwx TpaHC- 
4>opMaTopoB HanpHxceHHH (TaK KaK HMneAancHwe nycKoewe 
opraHW nMeiOT tok TporaiHHH Menbine paóoqero)« npn ashct- 
bhh TpyóqaTWx paspHAHUKOB b cjiyqae hx ycTaHOBKH Ha 
3 ammuaeMofi jihhhh (BpeMH cpaóaTWBaHHH ^3aiuHTH okojio 
AB yx nepnoAOB coH3MepHMo c BpeMeHeM a^hctbhh TpyĎqa- 
THX paapHAHHKOB). 

fljiH npeAOTBpamcHiHH HenpaBHJibHwx acSctbhh 3 amHTW 
npn HapymeHHHx ueneň HanpHHKeHHH b Coio3e oówhho hc- 
UOJib3yeTCH óJiOKHpoBKa c iBKJiioqeHHeM pejie b HyjieBOH npo- 
BOA M6XCAy TpaHC(J)OpMaTOpOM HanpHXCeHHH H HCKyCCTBeH- 
HOH HyjieBOH TOUKOH, C03AaHHOfi TpeMH AOĎaBOqHWMH co- 
npOTHBJíeHHHMH (CM. TJI. IV, § 16). 

,í1jih n pe aotbp a iue hhh HenpaBHJibHoň paĎOTW 3amHTbf 
npH A^iíCTiBHH TpyÓqaTbIX pa3pHAHHK0B npHXOAHTCH yeeJIH- 
qHBaTb ee BpeMH a^hctbhh. 3to ocymecTBJíHeTCH BBeACHHeM 
Ha BWXOAe cxe-Mw AonojiHHTeJibHbix myHTOBbix npoMexcyToq- 
hwx pejie c AOCTaToqHWM co6ctb6hhhm BpeMeHeM achctbhh. 

PaccMOTpeHHan cxeMa, HecMOTpn Ha HeKOTOpwe qacTHbie 
HeAOCTaTKH [JI. o], 3a nocjieAHHe rOAti nojiyqHJia b Coio3e 
3 HaqHTejibHoe ;-pacnpocTpaHeH«ie ajih 3amHTbi ceTeíí 110 — 
220 kV, paĎojaiomHX c narjiyxo 3a3eMJieiiHHMH HyjieBHMH 
ToqKaMH: 

II. 0U.EHKA nPHHUHIlA HAI1PABJIEHH0W 3AIU,HTbI 
C BJIOKHPOBKOfl H OBJIACTb ErO I1PHMEHEHHÍI 

OueHHBaa HanpaBjíeHHyio 3amHTy c čjiokhpob- 
KOH B COOTBeTCTBHH C OCHOBHblMH TpeĎOBaHHHMH, 

npeaTjflBJíBeMbiMil ko Bc.eM 3amHTaM, mo*ho cae- 
jiaTb cjie^ytomHe BbiBOflbí: 

1. C e JI e K T H B H 0 C T b Í6ŽCTBHH. npHH- 
LUinHa,nbHO 3aiu,HTa oóecneHHBaeT cejieKTHBHyio 3a- 
mHTy jihhhS b ceTHX juo6oň. KOHfjjurypaiiHH c npo- 
H3B0JIbHblM ^HCJIQM HCTOHHHKOB IIHTaHHH. 06"bHC- 
HaeTCH sto TeM, aTO no CBoeMy BbinojiHeHHio 3a- 
min-a Moacer AeňcTBOBaTb TojibKo npn noBpe>Kfle- 
hhh Ha 3amnmaeM0M ynacTKe h hhk 3K He AOJiHína 
yB83biBaTbca c napaMeTpaMH 3amHT cmokhmx 
yaacTKOB. 

2. BbicTpoTa jeňcTBHa. Ilo npHHiiHny 
paĎOTbi 3auíHTa aBjíaeTca MrHOBeHHO,neňcTByiomeH. 
n P H npHMeHeHHH SbicTpoAeHCTByíomHx pejie h 
uejiecoo6pa3HOM hx coaeTaHHH b cxeMe y^aeica 
nojiyaaTb nojiHbie BpeMeHa AeftcTBHa 3aiuHTbi, He 
npeBoexoAHmHe 0,02 -ř- 0,05 cex. 



3. MyBCTBHTejIbHOCTb. IlpH IipHMeHeHHH 
cooTBeTCTByiomHX nycKOBbix opraHOB 3am,HTa oxa- 
3biBaeTca, Kax npaBHJio, AOCTaToqHO qyBCTBHTeAb- 
hoS. CpafíaTbiBaHHe nycKOBUx opraHOB BCjieflCTBHe 
nep J erpy3KH hjih (b 3AopoBbix $a3ax) npH noBpeat- 
Aemm He MOXceT HenocpeflCTBeHHO npHBecm k He- 
IipaBHJIbHOMy fleHCTBHK) 3amHTbI. rioSTOMy nyCKO- 
Bbie opraHH Moryr 6bm> ycTaHOBJíeHbí 6ojiee qyB- 
CTBHTejIbHHMH, qeM, HanpHMep, B CXeMaX flHCTaH- 
UHOHHHX peaKTaHCHHX 3auXHT. 

4. HajexHOCTb. PejieSHaa qacrb 3amHTbi 
OTHOCHTejibHO npocTa, 3HaqHTejibHO npome, qeM y 
AHCTaHHHOHHHX peaKTaHCHHX 3amHT. 

CxeMa HMeeT MepTBbie 3ohh no moluhocth, 
oóycJioBjíeHHbie opraHaMH HanpaBjíeHHH mouíhocth, 
h noABepaceHa bahhhhio KaqaHHfi. OflnaKo Bepo- 
HTHOCTb HenpaBHjibHoro fleňcTBHH 3ain,HTbi npn 
KaqaHHHX 3HaqHTejibHO MeHbiue, qeM y peaKTaHC- 
hwx 3amnT, h ocymecTBjíeHne ajih Hee yaoBJíeTBO- 
pHTejibHbix ĎJioKHpoBOK ot KaqaHHfi npome. Bbico- 
KoqacTOTHaa qacTb b 3ain,HTax c BbicoKoqacTorHoň 
djIOKHpOBKOfi flOJDKHa B HaCTOHUíee BpeMH pac- 
CMaTpHBaTbCfl KaK AOCTaTOqHO HaaeJKHHÍÍ SJíeMeHT, 
yflOBJíeTBOpHTeJIbHO (pyHKU,HOHHpyiOII],HH B yCJIOBH- 
ax SKCiuioaTanHH. 

OcHOBHblM He^OCTaTKOM HanpaBJíeHHOft 3am;HTbI 
c ójioKHpOBKoň no BcnoMoraTejibHbíM npoBo^aM 
HBJíaeTca oTHocnTejibHO Majiaa Ha^eacHOCTb no- 
cjieflHHx no cpaBHeHHio c npoBOAaMH 3amnmaeMoň 
JIHHHH, HeOÓXO^HMOCTb KOHTpOAH HX HCnpaBHOCTH 
H BblCOKaa CTOHMOCTb npn ČOJIbllIOH flJIHHe JIHHHH. 
OAHHM H3 OCHOBHbIX HeAOCT3TKOB HanpaBJíeHHOH 
3aiUHTbI C BblCOKOqaCTOTHOfl ÓJIOKHpOBKOň HBAHeT- 
ca ee OTHOcnrejibHo óojibmaa CTOHMOCTb 3a cqeT 
BbicoKoqacTOTHoro oňopyAOBaHHa. HeKOTOpbie ajie- 
MeHTbl BblCOKOqaCTOTHOfl 3amHTbI (HanpHMep, KOH- 


AeHcaTopbi) MoryT 6wTb oAHOBpeMeHHo c 3aui,HTofi 
Hcnojib30BaHw ajih nejiefi cbh3h h TejieMexaHHKH. 
K o6ohm THnaM 3auiHT KpOMe Toro jKejiaiejibHo 
HMeTb pe3epB, fleňcTByromHH npH HeoTKjnoqeHHbix 
noBpejKfleHHax Ha CMeacHHx yqacTKax. 

npHHHMaa bo BHHMaHHe npHBeaeHHbie Bbirne 
cooópajKeHHH, mojkho ycTaHOBHTb cjieAyiomyio 06 - 
jiacTb npHMeHeHHH HanpaBJíeHHOft 3amHTbi c ďjio- 
KHpOBKOfi, BHnOJIHeHHOň no 3KCnJIO 3 TanHOHHO npo- 
BepeHHbíM cxeMaM: 

а) HanpaBJíeHHaa 3 ainHTa c ďaokhpobkoíí no 
cneunajibHbíM BcnoMoraTejibHUM npoBOAaM k npn- 
MeHeHHio He peKOMeHAyeTca, tsk KaK, Tpeóya npo- 
KjiaflKH KOHTpojibHoro npOBOAa noaoĎHO npoflojib- 
hoíT Aá<J)epeHnHajibHOH 3 am,HTe, OHa ycrynaer 
nocjieAHefl no cbohm KaqecTBaM ( 6 ojiee cjioxma* 
HMeeT MepTByio 30 Hy, noABepaceHa KaqaHHHM). 

б ) HanpaBJíeHHaa 3amaTa c BbicoKoqacTOTHofi 
SjíoKnpoBKOH, ncnojib3yiomaa b KaqecTBe KaHajia 
CB33H npoBOfla 3ainHinaeMoň jihhhh, peKOMennyeT- 
ca b nepByio oqepeflb k ycTaHOBKe Ha ajihhhhx jih- 

( hhhx BbicoKoro HanpaaceHHa (110 kV h Bume), pa- 
' SoTajomnx 6jih3Ko k npe^ejiy ycTofiqHBOCTH h 
Tpe6yiomHx MTHOBeHHoro OTKjnoqeHHH noBpeacAe- 
hhS Ha Bcefi CBoefi AJiHHe. 3^ecb OHa HaxoAHTca 
BHe bchkoS KOHKypeHUHH. KpoMe toto paccMaTpH- 
BaeMaa 3amHTa MoaceT óbiTb, KOHeqHO, peKOMeH- 
AOBaHa k ycTaHOBKe Ha Bcex ajihhhhx jihhhhx bm- 
coKoro HanpaaíeHHH, noBpeac^eHHa Ha kotopmx 
flOJiacHbí OTKjnoqaTbca AOCTaxoqHo ČHcrpo. Ha ko- 
Potkhx jihhhhx BbicoKoro HanpaaíeHHH (jihhhhx 
110 kV, iUjihhoS MeHee 10 km) npeAnoqTeHne ,«oji- 

aCHO 6bITb, O^HaKO, OT^aHO npOAOJIbHOH AH(J)epeH- 
UHajibHofi 3am,HTe, KaK čojiee AemeBofi h HMeto* 
meft HeKOTopbie npeHMymecTBa (HanpHMep, HenoA- 
BepaieHHoctb KaqaHHHM h otcyTCTBHe MepTBoň 30hm). 


TJ1ABA CEflbMA3 

BblBOP nPMHUMnOB 3AIUHTbI CETE$ 


1. 30HLI AEHCTBH5I 3A1UHT 

lípu ocymecTBJíeHHH pejieflHoň 3amHTbi ajieKT- 
pH^eCKOH CHCTeMbl npHXO^HTCH CqiiTaTbCH C TeM, 
hto B03HHKinee noBpe^KAeHHe momčt He otkjiio- 
HHTbCH 3aiu;HTOH noBpeHC^eHHoro ajieMeHTa bbhay 
0TKa3a 3aui,HTbi hjih BbiKjiioqaTejieH. 

Rjlft JIHKBH^aUHH aBapHH C MHHHMajIbHblMH nO- 
TepHMH ajih CHCTeMbl HcejiaTejibHo, HToóbi noBpe- 
>KAeHHe, He oTKjnoneHHoe 3am;HTOH AaHHoro ajie- 
MeHTa, OTKjnoqajiocb no bo3mohchocth cejieKTHBiio 
H ÓbICTpO 3aiU,HTaMH CMeHCHbIX 3JieMeHTOB. 

3am,HTbi CMeníHbix ajieMeHTOB paĎOTaiOT b pac- 
cMaTpHBaeMOM cjiynae KaK j3;onojiKHTejibHbie, pe- 
3epBHbie. 

H3 H3JiOHceHHoro cjieAyeT, hto KajKAyío TOHKy 
sjíeKTpHqecKoň CHCTeMbl b o6iu,eM cjiynae uejieco- 
oópa3HO '3anj;Hiii,aTb abymh 3aiAHTaMH: ochobhoh 


(ycTaHOBjíeHHoň Ha ashhom ajieMeme) h AonojiHH- 
TejIbHOH pe3epBHOH (yCTaHOBJíeHHOH Ha CMe^KHOM 
sjíeMeHTe). 

ripHHii.HnHajibHo npeAejibi mhhhm ajibHbix 3aiuH- 
III.aeMbIX 30H 3aBHCHT OT TOTO, HMeiOT JIH UJHHbl 
CHCTeMbl cneuHajibHbie 3am,HTbi hjih 3aiAHin;aiOTC5i 
npHCoeAHiieKHbíMH k hhm sjíeMeHTaMH. 

B nepBOM cjiyqae b 3amHmaeMyio 30Hy 3aiAH- 
Tbi, ycTaHOBjíeHHoň, HanpHMep, na BbiKjnoqaTejie 
B1 JIHHHH <((f)Hr. VII, 1), AOJI>KIibI BXOAHTb: JIHHHH, 
Ha KOTopon ycTanoBJíeHa 3ani,HTa, uiHHbí no^cTaH- 
UHH Ha npOTHBOnOJIOHCHOM KOíme JIHHHH H BCe 3Jie- 
MeHTbi, HenocpeACTBeHHo npncoeAHHenHbie k sthm 
uiHHaM ((cMeníHbie ynacTKH jihhhh ao BbiKjnoqaTejin 
Ha HX npOTHBOnOJIOHCHOH CTOpOHe; TpaHC(f)OpMaTO- 
pbi, TaKHce ao BbiKjnoqaTejiefi Ha hx BTopHHHbix 
CTOpOHax), 

Bo BTOpoM cjiyqae b 3amHmaeMyio 30Hy toh 
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2Ke 3amHTbI flOJIJKHbl BXO£HTb ((J)Hr. VII, 2) BCe 
ajieMCHTbi, nepenHCJieHHbie b npeflbiaymeM cjiyaae, 
li IUHHbl nOflCTaHIWň Ha npOTHBOnOJIOJKHOM KOHUe 
CMeJKHHX SJíeMeHTOB. 

HeoSxoflHMO OTMeTHTb, hto B nepBOM cjiyqae 
3amHTa, oxBaTbiBaa CMexHbie yqacTKH, aeftcTByeT 
h npH noBpeayteHHax Ha uiHHax noacTaHUHň, pac- 
BOJIOJKeHHblX Ha npOTHBOnOJIOJKHblX CTOpOHaX 
.CMeXCHHX SJíeMeHTOB. TaKHM 0Čpa30M npaKTHHeCKH 
nepBbiS h BTopoS cjiyqan coBna^aiOT. 


BbinojiHeHHe sthx TpeóoBaHHň b HeKOTopbix 
cjiynaax npaKTHqecKH BecbMa 3aTpy,HHHTejibHo hjih 
aaxce HeB03M05KH0, b flpynix TpeěyeT 3HaHHTejib- 
Horo KOjMiecTBa pejiefiHoro oOopyjxoBaHHH. 

B pase cjiynaeB noaTOMy .nonycKaeTca^ coKpa- 
UieHHe 30HbI fleŮCTBHH 3amHT. K TaKHM 3aUJ,HTaM 
Moryr 6brrb OTHeceHbí, HanpHMep, cjieayiomHe: 

1) 3amHTbi ot CBepxTOKOB reHepaTopoB h po- 
HH*aiomHx TpaHCtjjopMaTopoB, He oSecneHHBaio- 
uwe b pafle cjiyaaeB OTKJHoneHHň noBpescAeHHň 
Ha peaKTHpoBaHHbix jihhhhx 3—10 kV; 

2) 3aiU,HTbI JIHHHŮ B CeTHX C MHOrOCTOpOHHHM 
nHTaHHeM, oTKa3biBaiomHe b paóoTe npn kopotkom 

33MbIKaHHH 3a HMneflaHCaMH TpaHC4>OpMaTOpOB 
noflCTaHUHň. 

2. OCHOBHbIE H flOIlOJIHHTEJIbHblE (PE3EPBHbIE 
H BCnOMOrATEJIbHbIE) 3AIU,HTbI 

Pa3JiHHaiOT ABa Biwa 3aiu,HT: 

1) 0CH0BH3H, 2) AonojiHHTejibHaa (pe3epBHaa 

hjih BcnoMoraTejibHaa). 

Ochobhoh: Ha3biBaeTca 3amHTa, cejieKTHBHO 
3amHinaioii];aa Becb .naHHbiň ajieMenr, HanpHMep, 
lOOP/ol flJIHHbl JIHHHH C BpeMeHeM, no B03M0JKH0CTH 
oňecnenHBaromHM 6ecnepe6oňHyio paĎOTy Heno- 
BpexaeHHOH aacra cncTeMbi. 
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Pe3epBHoň Ha3HBaeTca 3amHTa, 3 aMeHaio- 
maa ocHOBHyio 3amHTy aaHHoro sjíeMenra npH ee 
OTKa3e HJIH BblBefleHHH H3 fleHCTBHH fljia npOBepKH 
hjih peMOHTa, h pe3epBHpyK>maa 3amHTy nocjie- 
flyromiix ajieMeHTOB b cjiyaae oraasa 3amHTw hjih 
B biKjnoqaTejien sthx ajieMenroB. 

BcnoMoraxejibHoS Ha3biBaeTca 3amHTa, 
BbinojiHaiomafl HeKOTopbie BcnoMoraTejibHbie cjiyHK- 
Hhh, HanpHMep, 3ammy MepTBbix 3 oh, onpeaejiae- 
Mbix opraHaMH HanpaBJíeHHa moihhocth ochobhhx 
3amHT, B npeaejiax KOTOpbix ohh. o-nca- 
3bIBaiOT B fleňCTBHH, yCKOpeHHe paÓOTH 
OCHOBHbIX 33mHT Ha H3CTH JIHHHH H T. n. 
yKa3aHHbie b bhaq npHMepa cjiyHKHHH bh- 
nojiHaiOTca oObrqHo MaKCHMajibHWMH to- 
KOBblMH 3aiHHTaMH MrHOBeHHOrO fleHCTBHH 
(TOKOBblMH OTCeHKaMH). 

Pe3epBHHe 3amHTbi ajieMeHTOB xcejia- 
TeJIbHO BbinOJIHHTb TaK, HTOĎbl OHH fleHCT- 
BOB3JIH no BO3M0JKH0CTH fíbICTpO H ce- 
jieKTHBHo Me*ay coóoň. Tax, HanpHMep 
(<j)Hr. VII, 3), XapaKTepHCTHKH AHCT3HHHOH- 
Hoň 3am,HTbi >KejiaTejTbHo BuÓHpaTb TaK, 
HTOĎbl npH aeňCTBHH 3amHTbI 2 C Bbl- 
•jiepjKKoň BpeMeHH TpeTbeň CTyneHH t% 
npH noBpejKfleHHH Ha jihhhh AB b toh- 
Ke F h oncase ee 3anuiTt>i í 3amHTbi 2 
h 3 pačoTajiH 6bi cejieKTHBHO, t. e. hmcjih 
6bi b TpeTbeň CTyneHH BH^epacKH BpeMe¬ 
HH 

BbinojiHHTb ocHOBHyio sammy JIHHHH 
cooTBeTCTBeHHO npeflHHBjíaeMbiM k Heň 
Tpe60B3HHHM TeXHHHeCKH B ĎOJIblHHHCTBe 
ejiyaaeB BnojiHe bo3mojkho. BbinojiHeHHe pe 3 epBHbix 
3amHT c coOjnofleHHeM scex TpeóoBaHHň, npejťbHB- 
JiaeMblX K HHM, a OCOĎeHHO Tpe 60 B 3 HHH O pe3ep- 
BHpOBaHHlH 3amHT CMeíKHbIX 3JieM©HT0B, B pajl,2 
cjiynaeB BecbMa ycjiojKHaeT h ynopoacaeT 3amHTbi. 
rtosTOMy b nacTHocTH H^yT Ha cjienyiomne otkjio- 
neHHa: 

1) npH OTK83e BCeX BHflOB 3aiH,HT HJIH BblKJHO- 
naTejia Ha noBpeacaeHHoň jihhhh .nonycKaioT He- 
cejieKTHBHoe AeňcTBHe 3amHT CMeacHbix yqacTKOB, 
HanpHMep, HecejieKTHBHoe aeflcTBHe hhct3hixhoh- 
hhx 3ain;HT b TpeTbHX 30Hax i(4)Hr. VII, 4), bhóh- 
paa OflHHaKOBblMH Bbl^epjKKH BpeMeHH TpeTbHX 
CTyneHeň cMe*Hbix yqacTKOB, KOTopbie, KaK H3- 
BeCTHO {rjl. IV, § 2), B KOJIbHOBaHHHX CeTHX C HH- 
CJIOM HCTOHIIHKOB nHT3HHH, ĎOJIbUIHM OCHOTO, ce- 
jieKTHBHO He MoryT 6biTb noAofípaiibi; 

2) TOKOBbie 3aiUHTbI JIHHHH B paflHajIbHbIX ce- 
Tax HanpaxíeHHeM 10 kV h HHace BbinojraaiOT aa- 
cto ynpomeHHbíMH c BKjnoaeHHeM oaHoro pejie Ha 
p33HOCTb TOKOB AByX (j)a3 (MOryT He fleHCTBOBaTb 
npn AByx<J)a3Hbix 3aMbiKaHHax 3a noHHJKaiomHMH 
rpaHc^iopMaTopaMH c coe^HHeHHeM oómotok 3Be3- 
Aa-TpeyrOJIbHHK), HTO ^aeT B03M0>KH0CTb BflBOe co- 
KpaTHTb KOjinaecTBo ycTaHaBjíHBaeMbix tokobhx 
pejie. 

B pa^e cjiyaaeB (JiyHKUHH pe3epBHpoBaHHa 3 a- 



4>Hr. VII, 1. MHHHMaabHue 3amHiuaeMHe sohm 3amnT npn HajiHHHH 
cneunaJibHbix 3am.HT iukh. 



4>nr. VII, 2. MnHHMaabHbie 3aiu,nmaeMbie sohu 3amHT npn otcytctbhh 
cneitHa.ibHbix 3a mm uihh. 



UU.HT nOCJieAyromHX 9JieMeHT0B MOJKeT BbinOJIHHTb 
(h k 3T0My Bceiyu cjieAyeT CTpeMHTbca) ochobh3h 
3auu,HTa AaHHoro gjieMeHTa, HanpHMep, MaKCHMajib- 
naa TOKOBaa HanpaBjíeHHaa h HeHanpaBjíeHHaa, 
AHCTaHAHOHHafl h t. a- 

B TaKHX cjiynaax Ha jihhhhx, KaK npaBHjio, 
AOJixcHa ycTaiiaBjíHBaTbca TOjibKo oAHa 3aiHHTa. 
ripH BblBeACHHH H3 A^HCTBHH T3KOH 3aiUHTbI rfÁsi 


TaKoe ( pemeHHe Bonpoca b HacTonmee BpeMa 
He MOHíeŤ ÓbITb peKOMeHAOBaHO a JIH UIHpOKOra 
npHMCHeHHH. 

B ceTax HanpaaKeHHeM 3—10 kV, HanpHMep, 
KadejibHbix, Ha oahhohhhx jihhhhx AOJixtHa ycia- 
HaBjíHBaTbca BcerAa OAHa 3amHTa, BbinojiHaiomaa 
(JjyHKHHH OCHOBHOH H pe3epBHOHi AJIfl 33IUHT no- 
cjieAyiomHX 3Jie.\ieHT0B. HcKjnoqeiiHeM hbjiíhotch 


npoBepKH hjih peMOHTa oHa AOJDKHa 3aMeHHTbca TOjibKO Te OTMeaeHHbie Bbirne cjiynan, KorAa ochob- 
3am,HT0H, ycTaHOBjíeHHoň Ha uiHHocoeAHHHTejibHOM Haa 3amHTa (HanpHMep, npoAOJibHaa An<J>epeHUH- 

> ^ aabHaa) no CBoeMy npHHAHny agSctbhh He 



<í>Hr. Vil, 3. XapaKTepHCTHKa cejieKTHBHO neBcTByromeii ancTaH- 
UHOHHOfl 3aiUHTbI.. 


M05KeT pe3epBHpOBaTb 3aiUHT CMeKHbIX 
yqacTKOB h OTKjiioqaTb noBpejKACHHa Ha 
uiHHax noACTaHUHň, He HMeiom,HX cíieitHajib- 
HblX 3aiHHT. 

3. BJIH5IHHE KOH<l>HryPAU,HH CETH HA ÉE 
PEJIEHHyiO *3AmHTy 

TpečoBaHHH pejieňHofi 3amHTbi b 6ojh>- 
uiHHCTBe cjiyqaeB He MoryT HBJíHTbca onpe- 
Aejiflioui,HMH npH Bbidope KOHtjmrypauHH 
cera. 3 to odycjioBjíHBaeTca, c oahoS CTOpo- 
Hbl, He3HaHHTejIbHOH CTOHMOCTbIO 3ailI,HTbI no 



no Be-iHqHHe BbiaepHCKH BpeMeHH TpeTbwx ' 2 u3 npu omka3e1 

CTyneHeS AHCTaHUHOHHMX 3amm. 


OTHOineHHIO K CTOHMOCTH CeTH B Ue- 
jiom H, c Apyroň CTopoHbí, TeM, aro 
coBpeMeHHuň ypoBeHb rexHHKH pejieií- 



<t>Hr. VII,5. flBe napaJuieJibHbie jihhhh. 


BbiKjiioqaTejie, c BHAejieHHeM jihhhh Ha pe3epBHyio 
cHdeMy nojioc hjih cneuHajibHbíM KOMnjieKTOM pe- 
3epBHOH 3amHTbI. 

Ecjih ocHOBHaa 3amHTa no npHHUHny achctbhh 
He MOHceT pe3epBHpoBaTb 3aiu,HT nocjieAyiomHX 
ajieMeHTOB (HanpHMep, AHcJjepeHUHajibHaa), cjieAyeT 
npeAycMaTpHBaTb no bo3mohíhocth dojiee npocTyio 
pe 3 epBHyio 3 ain;HTy. 

v ycTaHOBKa Ha jihhhhx KaK ochobhoS, TaK h ot- 
AejibHoň pe3epBHoň 3am,HTbi, KorAa ocHOBHaa mo- 
>xeT BbinojiHHTb (JiyHKHHH pe3epBHoň, HHorAa.npo- 
H3BOAHJiacb b cjieAyioinHx cjiyaaax: 

1) Ha jihhhhx, HanpaaceHHeM 110 kV h Bbiuie, 
HBJIHIOUIHXCH OCHOBHblMH B CHCTeMe; 

2) Ha jihhhhx Toro ace HanpaaceHHH, He hbjihio- 
iahxch OCHOBHblMH, npH ycjiOBHH, HTo noBpe?KAe- 
HHH Ha HHX, JIHKBHAHpOBaHHbie HenpaBHJIbHO (Ha¬ 
npHMep, npn OTKa3e hx 3am,HTbi), MoryT npHBecra 
K OČmeCHCTeMHOH 3B3pHH (HanpHMep, paAHajIbHbie 
JIHHHH, OTXOAHIAHe HenocpeACTBeHHO OT IUHH oc- 
HOBHblX CTaHHHH HJIH nOACT3HAHH CHCTeMbl); 

3) b HeKOTopbix cjiyqaax Ha jihhhhx Hanpaxce- 
HHeM 35 kV, OTXOAHIAHX OT IUHH OCHOBHblX CT3H- 
uhS hjih noACTaHHHň cHCTeMU. 

16 Pejiefinaa aalUHTa 


Hoň 3ain;HTbi no3BOJiaeT ocymecTBjíHTb 3aui,HTy 
ceTeň jiio6oň HopMajibHofi KOHcpHrypam-iH. 

Oah 3 ko npn BbiĎope KOH^nrypauHH ceTeS Tpe- 
6ob3hhh pejieflHOH 3amHTbi ywrbiBaTbCH 6e3ycji0B- 
HO AOJIHCHbl. npH 9T0M B H3CTHOCTH CJieAyeT HMeTb 
B BHAy* 

1) Ase napajuiejibHbie jihhhh (4>hi\ VII, 5)' hb- 
JIHIOTCa C TOHKH 3peHHH 3amHTbI oSblUHO xcejia- 
T.eJIbHblM SJíeMeHTOM CHCTeMbl, TaK KaK AJIfl HHX 
jierKO ocymecTBHTb ^ocTaTOHHO npocTyio, Ha^eíK- 
Hyio h He^oporyio ocHOBHyio ĎbiCTpoAeěcTByiomyio 
3am;HTy nyTeM npHMeHeHHH nonepeqHbix AH(})epeH- 
AHajIbHblX 3amHT*. TOKOBOH, ĎajiaHCHOH hjih AH(J)e- 
pe hd;h ajibHOH HanpaBJíeHHoS; 

2) B MeHee OTBeTCTBeHHbIX CeTHX HH3KOrO Ha- 
npajKeHHH, HanpHMep, pacnpeA^JiHTejibHbix, Hanpn- 
HceHHeM 3—10 kV b paAe CJiyaaeB uejiecoo6pa3HO 
HMeTb paAHajibHoe nHTaHHe noTpeSHTejieň, ofíecne- 
HHBaa padoTy noTpedHTejieň npn oTKJiioqeHHH pa- 
doTaiomeň jihhhh, HanpHMep, nocpeACTBOM aBTO- 
MaTHaecKH BKjiioqaeMOH pe3epBHofl jihhhh (pacno- 
jioaceHHoň cjieBa Ha 4>n r - VII, 6) hjih BpynHyio, 3a- 
MbiKaHHeM nepeMbiuKH MestAy AByMH padoTaioiuH- 
MH JIHHHHMH (4>HT. VII, 7); 9T0 AaeT B03M0H(H0CTb 
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HapMOAbw 

omkamea 


4>Hr. VII,6. PaAHa/ibHoe naTaime c aBTOMaTH^ecsH bkjik*- 
qaeMUH pe3epBOM. 



ycraHaBjíHBaTb 3amHTbi TOJibxo c mrraiomeň cto- 
POHH JIHHHfi, 6e3 SJíeMeHTOB HanpaBJíeHHH MOmHO- 
cth, HanpHMep, npocTbie m axcn m a jibHue TOXoBue; 

3) B CHCTeMaX C MaJIblMH TOK3MH 3aMbIK3HHH 
Ha senwiio, b ochobhom b ceTHX reHepaTopHoro 
HanpsoKeHHH pha 3aTpyAHeHHfi BCTpeqaeTCH npH 
ocymecTBjíeHHH 3auiHT ot 0AH0<i>a3Hbix 3aMuxaHHH 
Ha 3eHjiio, fleňcTByiomHX Ha OTXjnoqeHHe, b cjiyqae , 
CBH3R CeKUHOHHpOBaHHbIX IIIHH HCTOqHHKa nHTaHHH 

qepe3 noTpedHTejibcxHe noACTaHUHH (4> Hr * VII, 8); 

4) óojibiuoe KojiHqecTBo nocjieAOBaTejibHo 
BicnioqeHHbix yqacTKOB h MHoroKpaTHoe xojibneBa- 
HHe cera ycjioJKHJUOT ocymecTBjíeHHe pe3epBHpo- 
B3HHH 3aiUHT H BblKJHOqaTejiefi CMOXHblX yqacTKOB, 
3aTpyflHHiOT npHMeHSHHe b puse cjiyqaeB npocTbix 
ochobhmx 3amHT i(«anpHMep, b ceTHX 3 — 10 kV); 

5) KOpOTKHe JIHHHH B CJlOJKHbIX ceTHX BWCOKOrO 
HanpHXeHHH C MHOrOCTOpOHHHM nHTaHHeM Tpe6yiOT 
npHMeHeHHfl npoAOJibHbix AH^epeHUHajibHbix 3a- 
wht, AJifl KOTopbix HeoSxoAHMa npoxjiaAxa Bcno- 
MoraTejn>Horo Kaděna, yAOpojxaiomero 3 ammy h 
ycjioxíHHiomero ee axcnjioaTauHK); 

6) npHMeHeHHe otbbtbjibhhH Ha oAHHoqHbix 
VII, 9) h napajuiejibHMX (<J>Hr. VII, 10) jihhh- 

hx b paae cjiyqaeB HexejiaTejibHo no cneAyiomHM 
npHqHHaM: 

а) MoryT dbiTb yxyAineHbí xapaxTepHCTHKH ah- 
CTaHUHOHHoň 3amHTbi: nepBaa 30Ha 3amHTbi MoxceT 
oxa3aTbCH yKopoqeHHoft, ecjiH AJiHHa otbbtbjibhhh 
K opoqe qacra jihhhh ot otbbtbjichhh ao ee npoTH- 
BonojioscHoro KOHua; Moryr B03HHKHyTb 3aTpyAHe- 
HHH C BbldopOM BbIAep>KeK BpeMeHH H 3aiIXHinae- 
Mbix 3 oh BTopbix CTyneHeň xax 3amHTbi AaHHoro 
yqacTKa, Tax h CMeacHbix; 3aMepu nycKOBbix opra- 
hob h OMMeTpoB npH HaJiHHHH Ha oTBeTBjíeHHH re- 
Hepnpyioiuero HCToqHHxa Hexane ax)TCH; 

б) npoAOjibHbie AH^epeHUHajibHbie 3amHTbi c 
peae raná TpaHCJiefl npHMeHeHbí dbiTb He MoryT, 
Tax xax 3a cqeT HacbiineHHH MarmrronpoBOAOB 
3THX pejre npH CXB03HbIX XOpOTXHX 3aMbIX3HHHX 
HapymaTca danaHCbi a. a. c. bo BTopHqHbix uenax 
3amHTbi, oxa3biBax)ínHxca HenponopiuioHajibHbíMH 
BTOpHqHHM TOX3M TpaHC(J)OpMaTOpOB TOXa (CM. 

TJI. IX, § 17); 
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4»Hr. VII, 7. PaAHaabHoe nHTamie c pyqmiM BKaroqeHneM 
pe3epBa. 



VI1,8. CBH3b CeKUHOHHpOBaHHUX OIHH CT3HUHH qepe 3 
‘ uiHHbí notpeÓHTejibcKHx nojdCTaanHfi. 




b) nonepeiHbie AH<t>epeimHajibHbie 3 amHTH, yc- 
TaHOBjíeHHbie npH h3jihhhh napajuiejibHux ahhhh 
c Tpex CTopoH, MoryT OTtcjnonaTb noBpexcAeHHH c 
AByMH xacKaAaMH, t. e. c čoAbiuoň 3 aAep*KOH, h 
AOJDKHH BblBOAHTbCfl CO BCeX CTOpOH H3 AeftCTBHH 

npa OTKJUOHeHHH Aiočoro H3 metra BbiKjnoqarejieH, 
HanpHMep, ajih peBH3HH; 

r) MOxceT 6biTb 3aTpyAHeHa ycTaHOBKa b xa- 
qeCTBe OCHOBHbIX MrHOBeHHbIX M3KCHMaAbHbIX TO* 
KOBHX 3amHT (c OTCeqKOfi) H T. A* 

HeofíXOAHMO, OAHaKO, OTMeTHTb, HTO HCn0Ab30- 
B3HHe COBpeMeHHbIX MeTOAOB 3aiUHTbI H aBTOM3TH- 
kh (aBTOMaranecKoro noBTopHoro BKAioqeHHH) AaeT 
b HeKOTopbix cjiyqaax yAOBAeTBOpHreAbHoe perne- 
Hae Bonpoca h ajih jihhhh c OTBeTBjíeHHHMH: hc* 
nojib30BaHHe, HanpHMep, HanpaBjíeHHbtx 3auiHT c 
EbicoKonacTOTHOH djioKHpoBKOH očecneqHBaeT ČblCT* 
poe oTKjnoaeHHe noBpeacAeHHň TaK*e Ha jihhhhx 
C OTBeTBjíeHHHMH. 

4. TPEBOBAHHfl KO BPEMEHH AERCTBHjl 3A1RHTU 

npa onpeAeJieHHH m 3kchm aJibHoro AonycraMoro 
BpeMeHH AeňCTBHH 3aiUHTbl B CeTHX yHHTbIBaiOTC a 
cjieflytomne coočpaxeHHH. 

ÓcHOBHaa 3 am ht a. OcHOBHaa 3amHTa 
jihhhh AOJiacHa AcíicTBOBaTb co BpeMeHeM, He npe- 

BOCXOAHIAHM BejIHHHHH, npH KOTOpOH MOHCeT ĎbITb 
HapymeHa ycrofiqHBocTb napajuiejibHofl pačoTbi ch- 
creMbi. >KejiaTejibHo, htoču sto TpečoBamie 6 hjio 
B binojiHeHo npa scex bo3mo*hux BHAax kopotkhx 
3aMbiKaHHH, BKjnoaaa 3aMUKama Mexjiy TpeMa 
4»a3aMH. 

B Tex cjiyaaax, xorAa BbinojiHeHHe nocjieAHero 
TpeČOBaHHH 33TpyAHHTejIbHO B CBH3H C 60 JIbIHHM 
ycjiojKHeHHeM h yAOpoxcaHneM 3amHTbi hjih tcxhh- 
aecKH HeB03MoxcHo, AonycKaeTca b cncTeMax c Ha- 
rjiyxo 3a3eMJieHHbiMH HyjieBbíMH T0HK3MH npoBe- 
pflTb yCTOHHHBOCTb He no TpeX(J)a3H0My KOpOTKOMy 
3aMbiKaHHio, a no AByx<f>a3HOMy 3aMbiKaHHK> Ha 
3eMJIIO. 

BpeMH AeilCTBHH 3aiUHTbI CJieAyeT BbIČHpaTb 
Taxace c yaeTOM cbohctb noTpeĎHTejiefl AaHHoft ch- 
CTeMM. ^(ejiaTejibHO, qTOČbi npH m 3Kchm ajibHOM 
BpeMeHH achctbhh 3aiu,HTbi očecneqHBaAacb 6ec- 
nepeSofiHocTb pačoTbi noTpeČHTejiefl, t. e. hto6w 
npn noHHHceHHax HanpaxteHHa b ceTH, očycAOB- 
JieHHblX KOpOTKHMH 33MbIKaHHHMH, npeAOTBpama- 
jiacb Heo6xoAHMocTb OTKjnoaeHHa ABHraTejiefi no- 
TpečHTejieň hjih, ecjiH sto HeočxoAHMo, npeaoT- 
Bpamajiocb cHHxceHHe hx ancjia o6opotob ao He- 
AonycTHMoro ypoBHa, Heo6xoAHMocTb BbinoAHeHHH 
3T0T0 TpeČOBaHHH AOJIJKHa yCTaH3BAHBaTbCH B 
KajKAOM KOHKpeTHOM cAyqae nyTeM conocTaBjíeHHH, 
C OAHOH CTOpOHbl, TpyAHOCTH eTO BbinOJIHeHHH 
(CAOJKHOCTb 3amHTbI, ÓOAbUIOe KOJIHqeCTBO nOTpeĎ- 
Horo pejieňHoro očopyAOBaHHa) h, c Apyroň, B03- 
Mox<Hbix nocjieACTBHň HapyuieHHH pačoTbi ABHra- 
Tejiefl npH noBpe>KAeHHHx b ceTH. 

BbinoAHeHHe yxasaHHbix Bume TpečoBaHHfi npn 


aeAOCTaTOHHO čucTpoAeficTByiomeft ochobhoA 3a- 
mme b paAe cjiyaaeB mojkct 6bm> očecneqeHO ao- 
ĎaBAeHHeM k Heft BcnoMoraTeAbHoft 3amHTbi — to- 
KOBoft oTceaKH, Aaioipeň čbicTpoe OTKjnoneHHe ko- 
poTKoro 3aMbiKaHHH b HančoAee onacHux MecTax 
JIHHHH — qaCTHX, npHAeraiOUIHX K UIHHaM OCHOBHbIX 
CT3HUHH H nOACTaHHHH. 

Pe3epBHaa 3 a m h t a. Pe3epBHyio 3amHTy 
JiHHHň JKeAaTejIbHO Taxxe BbHIOAHHTb C BUAepJKKa- 
mh BpeMeHH, onpeAeaaeMUMH coočpaxceHHHMH co- 
XpaHeHHH yCTOHHHBOft paĎOTH CHCTeMU, XOTH 6bl 
npn HančoAee pacTo BcrpeqaiomHXCH BHAax no- 
BpeacAeHHň. ripaKTHqecKH ocymecTBHTb sto čbiBaeT 
b óojibuiHHCTBe CAyaaeB 3aTpyAHHTejibHo, b qacT- 
HOCTH H3-3a HeOČXOAHMOCTH OTCTpoiÍKH no BpeMe¬ 
HH cpačaTUBaHHa pe3epBHbix 3amHT ot ochobhux. 
OAHaKO BcerAa CAeAyer cTpeMHTbca coKpamaTb 
BblAepHCKH BpeMeHH pe3epBHbIX 3aiHHT. fljIH STOrO, 
HanpHMep, HHorAa AonycxaiOT HeceAeKTHBHbie ot- 
KAIOqeHHH MeHee OTBeTCTBeHHWX nOACTaHHHH. 

5. BAHRHHE PEACHMA 3A3EMJ1EHHH HVAEBUX 
TOMEK CHCTEMU HA EE PEAEHHyiO 3AlUHTy 

C TOMKH 3peHHH peiKHMa 333eMJieHHH HyAeBblX 
ToaeK ceTH Moryr čbiTb pa3AeJieHbi Ha cera c 6ojib- 
HIHMH TOK3MH 3aMbIK3HHH Ha 3eMAK> H ceTH C Ma- 
AblMH TOKaMH 33MbIKaHHa Ha 3eMAIO. 

K CeTHM C ČOJIbUIHMH TOKaMH 3aMUKaHHH Ha 
3eMAK> OTHOCHTCH Te, HyjieBbie TOHKH KOTOpUX Bce 
hah qacTHMHO 3a3eMAeHw Harayxo (HenocpeACTBen- 
ho hah qepe3 MaAOOMHoe conporaBAeHHe). 

OčbiqHO b t3khx ceTHX OTHOffleHHe peaKTaHca 
Xo HyAeBoň nocAeAOBaTeAbHOcra CHCTeMU, oraeceH- 
Horo k ToqKe noBpe>KAeHHH, k peaKTapcy noAOWH- 
TeAbHoň nocneAOBaTeAbHocra Xu oraeceHHOMy k 

Toft >Ke ToqKe, He npeBocxoAHT 4 6 4 -ř- 6^ 

B npaKTHKe CIIIA HHorAa cqHTaiOT aah sthx ceieft 



B CCCP Harjiyxo 3a3eMAHK»Tca, KaK npaBHAo, 
cera HanpaxceHHeM 110 kV h Bbirne. IIpH ocymecr- 
BAeHHH HX 3aiUHTbI yqHTblBaiOTCH CAeAyiOmHe BHAbl 
noBpewAeHHft: 3aMbiKaHHH Me>KAy 4>a3aMH, mhoto- 
(J)a3Hbie 3aMbIK3HHH Ha 3eMAK> B OAHOft TOHKe H 
OAHO(})a3Hwe 3aMbiKaHna Ha 3eMAio. MHoro(})a3Hbie 
3aMbIKaHHH Ha 3eMAK> B pa3HbIX TOqKaX B03M0XÍH0 
He yqHTbIBaTb BBHAy TOTO, qTO BepOHTHOCTb HX B03- 
HHKHOBeHHH B npaBHAbHO nocTpoeHHoft H SKcnAoa- 
rapyeMoft cera BecbMa MaAa. 

B CHCTeMaX c ČOAbUIHMH TOKaMH 33MbIKaHHfl H3 
3eMAK> HyAeBHe TOqKH TpaHC(J)OpMaTOpOB oňbWHQ 
3a3eMAHK)TCH qacraqHO. 3 to AeAaeTCH b ueAHx 
yMeHbineHHH bahhhhh Ha npOBOAa CAačoro Tona 

(HAyiAHe BAOAb TpaCCbl BblCOKOBOAbTHblX AHHHH 
AHHHH CBH3H, npOBOAa >KeAe3HOAOpO>KHbIX ÓAOKH- 
Pobok h t. n.), oČAerqeHHH 3a3eMA5nom,Hx ycr 
poftcTB noACTaHiraft h t. a- 

B HeKOTopbix CAyqaax qacraqHoe 3 a 3 eMAeiiHe 
HyAeBbix ToqeK chctcmm HBAaeTca ueAecoočpa 
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HbiM h c to^ikh 3p6HHH ycTaHaBjíHBaeMOH b čeřit 

pejieňHofl 3amHTbi. 

Tsk, HanpHMep, npn npHMeHeHHH 3amnT, achct- 
I^yiOmHX B 3aBHCHMOCTH OT BeJIHTOH TOKOB H Ha- 
npHjKeHHH HyjieBoft nocjieAOBaiejibHocTH (TOKOBbie 
©TceHKH HyjieBoft nocjie#OBaTejibHocTH, 3amHTbi 
MaKCHMajibHofl moiahocth HyjieBofl nocjieAOBaTejib- 
HOCTH C 3aBHCHMbIMH XapaKTepHCTHKaMH BbIHep>KKH 
apeMeHH h flp.), ^KejiaiejibHo npH H3MeHeHHH pe- 
/KHMOB paĎOTbl CHCTeMbl (KOJIHqeCTBa BKJIIOHeHHblX 
TpaHC(j)OpMaTOpOB) COXpaHHTb no B03M02KH0CTH He- 
H3MeHHbiMH BejiHTOHbí cjiaraioiii;HX HyjieBoft nocjie- 


AOBaTejIbHOCTH. Sto M 02 KeT 6bITb B HeKOTOpbIX 
cjiyqaax AOcramyTo npn qacraqHOM 3a3eMjieHHH. 
Tor^a, HanpHMep, npH coxpaHeHHH' Ha noACTan- 
UHhx no o^HOMy 3a3eMjieHHOMy TpaHC(J)opMaTopy 
H3 AByX yCTaHOBJíeHHbIX, npH H3MeHeHHH HHCJia 
BKJimeHHblX TpaHC(J)OpMaTOpOB SKBHBaJieHTHan 
cxeMa HyjieBoň nocjieAOBaTejibHociH ocraeTcn He- 
H3MeHHOH. riOSTOMy TOKH H HanpjDKeHHH HyjieBofl 
nocjieAOBaTejibHocra, onpeAejinéMbie b 3HaqHTejib- 
hoh Mepe conpoTHBjíeHHHMH cxeMbi HyjieBOH no- 
cjieAOBaTejibHocTH, 6yAyT H3MeHHTbcn He3Haqa- 
TejIbHO. 

XUh ocymecTBjíeHHH qy bCTBHT ejibHbix tokobhx 
3amHT HyjieBoft nocjieAOBaTejibHocTH paAHajibHbíx 
TynHKOBbix jihhhh qacTo 6biBaeT n;ejiecoo6pa3Ho 
pa33eMjiHTb HyjieBbie \ToqKH noHHjKaiomnx ,TpaHC- 
tj) 0 |p'MaTOpOB l((})Hr. VII, 11). npH 3T0M '3aUl,HTbI, 
ycTaHOBJíeHHbie c nHTaiomeH CTopoHbí, He aojdkhh 
OTCTpaHBaTbCH npH 3aMbIKaHHH B Heň OT TOKOB, 
KOTOpbie nocbijiajiHCb 6bi b nHTaiomyio ceTb noHH- 
aíaiomHM TpaHc^opMaTopoM, hbjihíouj;hmch reHe- 
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paTOpOM - TOKOB HyjTéBOH HOCJieAOBaTejIbHOCTH 

(4)Hr. I, 9). 

• paÓOTbl C pa33eMJI0HHbIMH HyjieBblMH TOq- 

K3MH CHJIOBbie TpaHC(|)OpMaTOpbI AOJUKHbl HMCTb 
cooTBeTCTByiotnyio H30 jihahio, TaK KaK npn 3aMbi- 
KaHHHX Ha 3eMjno noTeHunaji HyjieBoft ToqKH ch- 
CTeMbi Mox<eT b paccMaTpřiBaeMOM cjiyqae 3HaqH- 
TejibHo CMenj,aTbcn. 

- BbinojiHeHKe qacraqHoro 3a3eMjieHHH aojdkho 
htth b nepByio oqepeAb 3a cqeT pa33eMjieHHH qa- 
CTH HJIH Bcex TpaHC4)OpJViaTOpOB nOHHHíařOLUHX nOA- 
CTaHAHH, He HMeiOmHX HCTOqHHKOB néiTaHHH CO 
CTOpOHbl HH3UierO HanpHHCeHHH. 

B icjiyqae ,paí3>3eMJi€HJíi5T maoKe qacrn rrpamc- 
4)OpMiaTOpOB inOACTaHUiHH <C HICTOq h,kk aiMH ira- 
TaiHHH B CHCTCMe MOŮK8T Wp0B3OňTH -CJieAyiO- 
mee ((j)Hr. Ví 1,12). 

npn oahoíJ) a3 hom sa^MbiiKaHHiH wa 3 &mjijo 
ma uiBHax noBbímaiomeá noACTamniHi, He 
HMeiomnix oneuEajibK-oň 3amHTbi, tnoBpeoKA^- 

!HiH'e orKJiiOHHircH b nepBiyio oqepeAb ot 
ocT,ajibH-oň - reHepHipyiomeH qacTH icucTeMH 3a- J 
lAtfraiMH JIHHHH, yCTaH-0'BJieHiHbI'MH) CO CTOlpOH, 
HipOTHBOinOJlOJKHblX JIOBpG>KA€HHblM . HlHiŘaM. 
G IHeCKOJIMCO éoJIbHIHMH B bTJX epiHCK 3 M H Bpe- 
(M'6HH i^OJDKHbl ’6yAyT Cpa60T3Tb 3amHiTbI Ha 
noBMHiaiomHx Tpa h c (jj-opMa Top a x noBpejKoieHr 
HOH nOACTaHlIHH, O-AHH H3 KOTOpbIX (3a3eM- 
jieHHbin) oÓTCKaeTCH TOKaMH Bcex Tpex no- 
-c jie jxo3 a t e ji b H'Oct e h , a btodoh (pa33eMJieH>- 

HblH) TOJIbKO TOKaMH HOJTO^HTCJIbHOH H OT- 
pHHaT-ejibHoň HOCJie^OBaTejibHocTeň. CjiyqaH- 
HO HeCKOJIbKO paH€C MO>KeT OTKJHOHHTbC5l 

nepBHH. Tor,zia tok noBpeHíjieHHH, npoie- 
Kaiomaň qepe3 iBTOpoň, chm3Htc5I jsp H*e3H ( a- 
HHlTeJIbHOH IBejIHHHHbl, HOpMajIbHaH 3amHTa 
Tpa;H'C(j>opMaxopOB nepeciaHeT AeHCTiBOBaTb H 
.inocjieAHHň oKancercH AJiHTejibH-o inoAaiomHiM 
ira , npjnKe.HHe < Ha cHCTeMy c H 30 JiHpOB , aHHOil 
Hyjie-BOň TOH 1 KOH M IIK)lBp€*)KA€HIHOHÍ 4 )a 3 0 ] S- 
3a 'CHeT nepeMOKaiomencH bojihtoboS 
Ayrn, očycjioBJíeHHoň omkocyhmm tokom npH 
AOCTaTOHHOH €rO BejIHHHHe (b cera 110 kV 
JU IH STOrO JIOCTaTOHHO HMerb OCTaBUIHIVlHCH 
npHcoejiHHeHHbíMH k pacCMarpHBaeMbiM ihh- 
HaM JTHHiHH oOmefi npOTH >K 6'HiHOCTbIO Bcero OKO JI o 15 km), 
b cHdeMe Moryr B03HHKHyTb HexanyCTHMbre m ee h30jih- 
Hhh nepeHanpHHceHHH. * - 

noaTOMy Ha noacTaHmax, HMeiomiix hctohhhkh nHTaHHa 
co CTopoHbí HH3mero HaiipajKeHHa, HyjieBbie tohkh TpaHC- 
4>opMaTopOB pa33eMJiaioTca tojibko mpn Kpafíneň HeoÓxoaH- 
mocth, npnqeM b nocjiejiHeM cayqae i ijth 3amHTH oOopyao- 
BaHHa, ecjiH Hejib3a H3óe>KaTb onHcaHHOH nocjiejioBaTejibHO- 
cfn OTKjiioqeHHH BHKJiioqaTejieH hjih ecjiH TpaHCífjopMaTOpbi 
pa33eMJiaioTca nojmocTbio, ycTaHa-BJíHBaiOT cneuHaJibHbie ao- 
noaHHTejibHMe samHTH (cm. tji. XI, § 13). 

3amHTa jihhhh: b CHCTeMax c Harjjyxo 3a3eMJieHHoň Hy- 
JICBOň TOHKOH MOHC€T OCymeCTBJIHTbCH OAHHM KOMIlJieKTOM 
OT Bcex BHAOB nOBpeHCACHHH HJIH AByME KOMTIJieKTaMH, H3 
KOTOpbIX^ OAHH AeHCTByeT npH 3aMbIKaHHHX MeHCAy (J)a33MH, 
a Apyrofl — npH 3aMbiKaHHax Ha 3eMJiio. 

npeHMym^CTBOM nepBoro cnocoOa hbjihctch to, hto 
yAaeTca ocymecTBJíaTb 3amnTy c MCHbiiiHM KOJinaecTBOM 
pejieňHoro oóopyAOBamia. Ochobhmmh ero He^ocTaTKaMH 
cjie^yeT CHHTaTb BO3M0HCHoe b HeKOTopbix cjiyqaax noHHJKe- 
HHe qyBCTBHTejibHOCTH ‘3amHTbi h noBbímeHHe BbiAepJKeK Bpe- 
MeiiH ee npn 3aMHKaHHax Ha 3e»MJiio, onpeAejiaeMoe HeoOxo- 
AHMOCTbK) Bblóopa HapaMeTpOB CXCMbl, OpHeHTHpyHCb Ha Mexc- 
Ay$a3Hbie no3pe>KAeHHH. 

ripeaMymecTBaMH BToporo cnocoóa hbjihiotch: 



<^Hr. VII,11. PajuiajibHaa TynHKOBaa jihhhh c pa33eMJieHHbiiviH nyjieBbíMH 
ToaicaMH no«iH>Kaion;nx TpaHC^opMaiopoB. 



4>wr. VII,12. CxeMa aBapnííHoro oTKJiioaeHHa b ceTH c qacTHHHo 3a3eMJieH- 

HHMH HyjieBblMH TOHK3MH, npH KOTOpOM HaCTb CHCTeMbl MOHíeT OKa 3 aTbCH 
paóoiaiomeH c OAHo4>a3HbiM saMbiKanweM Ha 36 mjiio npw H30jiHpoBaHHofi 
HyjieBOH. Toqxe (3aqepHeHHbiMH noKa3aHbi BbiKjnoqaieJiH, OTKjnoqHBUiHecH 
npn 33MbiKaHHH Ha 3eMJiio b Toqxe F ). 



1) óójibman b pnjie cjiyqaeB qyBCTBHTeJibHOCTb h MeHb- 
DIHe Bh^epJKKH BpeMOHH KOMnJieKTa OT 3aMHKaHHH Ha 3eM- 
JHO C HCn0JIb30BaHHeM (})HJIbTpOB TOKa H HanpHJKeHHH Hyjie- 
boh nocjieao3aTeTibHOCTH; 

2) óojiMiian npocTOTa h na^encHOCTb 3amHTM ot Hanóo- 
jiee MacTO BCTpeMaiomerocH burs. noBpejKaeHHň b cerax— 
3aMbIKaHHÍÍ Ha 3eMJHO. B qaCTHOCTH KOMnJieKTbl 3aiUHT OT 
3aMbiKaHHň na 3e\uno ho TpeĎyiOT ójiokhpobok ot KanaHHň, 
Tax KaK, HM6H nycKOBbie opraiibi HyjieBOH nocjie^OBaTejibHO- 
cth, He fleííCTByioT npn KaqaHHHX, ne conpoBOHraaioiiiHxcH 
n<jcpe>K^eHHHMH Ha 3eMJiio. 

HexoTopbie 3aiuHTH ot saMbiKaHHň Menc^y <f>a3aMH npH 
3ařJbiKaHHHx Ha 3eM./no MoryT npn onpe^ejieHHbix ycjioBHHX 
jieftcTBOBaTb HenpaBHJibHo (HanpHMep, TOKOBan ĎaJiaHCHan 
3amHTa, flHCTaHmioHHaa peaKTaHcnan 3amHTa) h ^oji>khh 
b 3THX cjiyqaax aBTOMaraqecKH bhbo^htbch H3 ^eHCTBHH; 
cymecTByiOT TaKxce 3 amHTbi, pearnpyiomHe tojibko Ha 3aMH« 
KaHHH Ha 3eMJiio (HanpHMep, 3amHTa MaKCHMajibHOH moiixho- 
CTH HyjieBOH nOCJie^OBaTeJIbHOCTH C 3aBHCHM0H BHHepjKKOH 
BpeMeHu). 

riOSTOMy B npaKTHKO OipHMeHHIOT 06 a 9TH cnocoóa Bbl- 
nojiHeHHH 3amHT, iiDHqeM nepBHH npHMeHaeTCH b. nacTHOCTH 
b Tex cjiynaHx, Kor^a ero Hcnojib30BaHHe He Bbi3MBaeT hcao- 
nyCTHMOrO CHH/KeHHH HyBCTBHTeJIbHOCTH 3amHT npH 3aMbIKa» 
HHHX Ha 3eMJIIO. 

K CeTHM C MaJIHMH TOKaMH OAHO(J)a3HOrO 3a- 
MbiKaHHH Ha 3eMjno othochtch: KOMneHCHpoBaHHbie 
(HaHĎojiee qacTO b CCCP — B 03 AyuiHbie cera Ha- 
npHHceHHeM . 35 kV), 3 a 3 eMjieHHbie qepe3 bhcoko- 
oMHbie aKTHBHbie conpoTHBjíeHHH (npeHMymecTBeH- 
ho KačejibHbie cera reHeparapHoro HanpHXíeHHH 
6—10 kV) h HMeiomne H30jrapoBaHHyio Hyjienyio 
TOHKy (HanpHMep, B03AyiHHbie cera HanpnxceHHH 
3—10 kV). 

B CeXHX C MaJlblMH TOKaMH OAHO(j)a3HOrO 3 aMbI- 
KaHHH Ha 3eMJIK) npHXOAHTCH yHHTbIBaTb CJléAyiO- 
mne bhah noBpejKACHHň: 3aMbiKaHHH Měněny 
3aMH, ABOHHbie 3 aMbIKaHHH Ha 3eMJIIO, OAHO(})a3- 
Hbie 3aMbIKaHHH Ha 3eMJIIO. 

OAHoc})a3Hbie 3aMbiKaHHH Ha 3eMJiio b cncTe- 
Max paccMaTpHBaeMoro raná He npeACTaBjraiOT He- 
nocpeACTBeHHofi onacHocra ajih noTpeÓHTejieft. rio- 

3T0My áamHTy ot oAHo4>a3Hbix 3aMbiKaHHH Ha 
3eMJiio b 3thx cerax b pHAe cjiyqaeB cqHTaeTcn 
AOnyCTHMblM He yCTaHaBJIHBaTb. B 03 HHKK 0 BeHHe 
noBpeHíAeflHH ycTaHaBjíHBaeTCH npn 3tom ycTpoň- 
CTBaMH KOHTpOJIH H30JIHIXHH H OTbICKaHHe nOBpe>K- 
AeHHoro 3 jieMeHTa npOH3BOAHTCH BpyqHyio nyieM, 
HanpHMep, nooqepeAHoro orajnoqeHHH otxoahiuhx 
OT UIHH nOACTaHUHH jihhhh. 

npH ycTaHOBKe cneuHajibHOH 3amHTbi nocjieA- 
HHH MO>KeT A^BCTBOBaTb Ha CHTHaJI HJIH OTKJIIOqe- 
HHe yCTOHHHBblX 3aMbIKaHHH, He AHKBHAHpOBaHHbIX, 
HanpHMep, KaTyuiKOH EíeTepceHa. 

ripeHMymecTBaMH 3amHTbi, AeiícTByiomeH Ha 
OTKjnoneHHe, hbjihiotch: . MeHbUian BeponraocTb 
nepexo^a 0 AHpc})a 3 Hbix 3aMbiKaHHH Ha 3eMjno b 
MHoro4)a3Hbie, HanpHMep, ABOHHbie; ynpomeHHe 
3 KcnjioaTauHH, yMeHbmeHHe BpeMeHH paóoTbi Ma- 
uihh (HanpHMep, reHepaTOpOB) b HeHopMajibHOM 
pencHMe, c 3 aMKHyTOH Ha 3eMjno (})a30H b cncTeMe. 

OAHaKo TaKoe pemeHne b OojibuiHHCTBe cjiyna- 
eB MonceT 6biTb npHHHTo TojibKO npH HajiHHHH pe- 
3epBHoro nHTaHHH y oTBeTCTBeHHbix noTpeÓHTejieň. 


Re HCTBHe 3ain,HT Ha orajnoneHKe npHMeHneicH 
b KaóejibHbix ceTHX. 

B KOMneHCHpOBaHHbix cerax* 35 kV 3aiAHTbi 
OCymeCTBJIHIOTCH OĎblHHO ACHCTByíOLHHMH Ha CHr- 
Haji. 3am;HTbi c ACHCTBHeM Ha orajnoneHne npn- 
MeHHJIHCb B nOpHAKe HCKJHOqeHHH npH HH3KOM 
ypOBHe H30JIHUHH CHCTeMbl. 

Rjin ACHCTBHH 3am;HT OT OAHO(})a3HbIX 3aMbIKa- 
HHH Ha 3eMJIIO C03Aai0TCH HCKyCCTBeHHbie aKTHB¬ 
Hbie TOKH 3aMbIKaHHH Ha 3eMJIK) HeĎOJIblHOH BejIH- 
HHHbí, AOCTaTOHHbie ajih paóoTbi cneuHajibHbix 3a- 
IH.HT, pearHpyiomHx Ha tokh hah moiahocth Hyjie- 
BOH nOCAeAOBaTeAbHOCTH. 

B KačejibHbix ccthx npH achctbhh 3amHTbi ot 
OAHo4>a3Hbix 3aMbiKaHHH Ha 3eMjno Ha oTKJiioqe- 
HHe MaKCHMaAbHO AOnyCTHMblM CHHTaeTCH TOK no- 
pnAKa 160—180 A. Ecra ocHOBaHHH npeAnojiaraib, 
HTO npH TaKOM TOKe OAHO(})a3Hbie 3aMbIKaHHH He 
6yAyT ycneBara nepexoAHTb b MHoro(})a3Hbie 3a 
cqeT npoHíora h3ojihuhh b MecTe noBpe>KAeHH5i, 
AO toto KaK čyAyT oTKjnoqeHbi. KpoMe toto TaKHe 
tokh AonycKaiOTcn ajih 3am,HT ot 3aMbiKaHHH Ha 
3eMjno reHepaTOpOB (cm. HHnce tji. VIII). 

npH aghctbhh 3ain;HT b KaóejibHbix^ cerax Ha 
CHmaJI HJIH HajIHHHH TOJIbKO yCTpOHCŤB KOHTpOJIH 
H30JI5mHH M aKCHM aJIbHO A*^HTejIbHO AOnyCTHMblM 

CHHTaeTCH tok nopHAKa 50 A. KaK noKa3bmaeT 
onbiT 3KcnjioaTan;HH, BeponraocTb nppíKora H3o;m- 
Ahh b MecTe noBpexíACHHH h nepexoAa eťo b 
MHoro4>a3Hoe Aaxce npH AJiHTejibHOM (nopHAKa ao 
1 qaca) npOTeKaHHH TaKoro TOKa Majia. 

B B03AyuiHbix KOMneHCHpOBaHHbix cerax, oco- 
6eHHo npH ocymecTBjíeHHH 3ain;HTbi, AcScTByiomeH 
Ha oTKjnoqeHne, HAyT Ha co3AaHne b cjiyqae He- 
OČXOAHMOCTH TaKHíe HeCKOJIbKO ČOJIbHIHX TOKOB, 
qeM yKa3aHHbie Bbirne. 

HcKJiioqeHHe npeacraBji5iK)T noHBJíniomHecH b nocjiejoiee 
BpeMH KOMneHCHDOBaHHbie CCTH BHCOKOTO HanpHXíeHHH llOkV 
H Bbline CJIOKHOH KOHCf)HrypaUHH C HeCKOJlbKHMH HCTO^HIIKa- 
mh nHTanna, RJin KOTOpbix b neKOTopbix cjiyqaíix HBJíHercíi 
H,eJiecooópa3HbiM aBTOMaTHqecKoe OTKjnoqeHHe ycTOHMHBbix 
3aMbrKaHHH. fljin Haae>KHoro flencTBHH 3amHT b stom cjiyqae 
npuxoAHTCH Híioraa ccs^aBaTb óojibuiHe tokh nyTeM myHTH' 
pcjBaHHH Har.iyxo ^yroracnmHx ycTpoftCTB CHCTeMM (b cjiy- 
qae hx Hey^annoro a6ííctbhh). 9tot >cnoco<6 b nocjieiiHee 

BpeMH IIpHMeHHeTCH B KOMneHCHpOBaHHWX CeTHX BMCOKOrO 

HanpHHceHHH CIUA. 

flBOHHbie 3aMbIKaHHH Ha 3eMJIIO, KaK npaBHJIO, 
OTKjnoqaiOTCH 3ain,KTaMH ot MHoroc{)a3Hbix 3aMbiKa- 
HHH; npH 3T0M CTpeMHTCH OTKJIIOqaTb TOJIbKO OAHO 
Mecfo noBpeHíACHHH c pacqeTOM Ha to, hto Ayra 
bo BTOpoM MecTe MOxceT npn 3tom noracHyTb HJIH 
6yACT HMeracn BpeMH RJifi čojiee 6e3Čojie3HeHHoíí 
AJIH CHCTeMbl JIHKBHAaAHH aBapHH. 

OAHaKO uiHpoKoe pacnpocTpaHeHHe npeAJiojKen- 
Hbix a«/ih 3Toro cneuHajibHbix ójiokhpobok b cxe- 
Max 3ain;HT, npHHHMan bo BHHMaHHe hx HecoBep- 
uieHCTBO h cjioH^HocTb, HBjraeTCH Heuejiecoo6pa3- 
HblM. 

B óojibíHHHCTBe CAyqaeB AocTaToqHo npHMeHHib 
AByx(})a 3 Hbie cxeMbi 3 ain;HT, oóecneqHBaiomHe 6 e 3 
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BCHKHX ČJIOKHpOBOK npH ABOfiHbIX 33MbIKaHHHX Ha 
3eMjno OTKJHoneHHe npHMepHO b 67,°/d cjiyqaeB 
TOJIbKO OflHOrO MeCTa nOBpe*A6HHH. npH 9T0M 
TpaHC(})OpMaTOpbI TOKa AJIH AByX(J)a3HbIX 3aiU,HT 
AOji>KHbi 6uTb o6a3aTejibHo ycTaHOBjíenbi b oaho- 
HMeHHHX 4>a3ax (HanpHMep, A h C) bo Bcefi ceTH 
AaHHoro HanpHsceHHH. 

6. CXEMH A JIH C03AAHHH HCKVCCTBEHHOrO 
TOKA 3AMUKAHHH HA 3EMJ1IO B CETJ1X 
C MAJIblMH TOKAMH 3AMbIKAHHH HA 3EMJI10 

Cxeuu 3a3eMJIHKMUHX yCTpofiCTB MOryT BbmCWIHHTI>CH 
C HOpMaJIbHO BKJIIOqeHHblM HJIK HOpMaJIbHO OTKJHOqeHHhlM aK- 
THaHWM conpoT»BjietH«©M (4mít. VII, 13 a h 6), mpHcoejxHHHe- 
MhiM MeacAy nyjieBoň Toqxoft CHcreMu « 3eMjieS. 




$«r. VII, 13. CxeMU sa3eMJixiomHx 

yCTpOHCTB C HOpMaJIbHO BKJIIOHeHHblM 
(a) H HOpMaJIbHO OTKJIKWeHHblM (6) 
3a3eMJIHK)mHM COnpOTHBJíeHHeM. 


4>hi\ VII,14. 
Hcnojib30BaHHe b 
Ka^ecTBe 3a3eM- 
JiHíomero conpoTH- 
BJieHJIX CH/IOBOTO 
TpaHcýopMaTopa 

MaJIOH MOIUHOCTH, 
HMeioiuero coeAH- 
HeHne OÓMOTOK 
3Be3Aa-TpeyroabHHK. 


IlpeHMymecTBaMH nepsoro sapHairra HBJíxeTCH cjieAyio- 
mee: 

1) npeACTaa^HeTCH 303 moxchhm nojiyqaTb cHfHaJi o KpaT* 
KOBpeMeHHbix 3aMHKaHHHx Ha 36MJU0, q*ro, HanpHMep, B xa* 
6eJIbHMX CeTHX flaeT BO3MOHCH0CTb BfalHBJIHTb Ae^exTUbie 

xatfejiH h npHHHMaTb Mepbi x hx npo<j)H ji axTHHecxoMy pe- 

MOHTy; 

2) oSecne^HBaeTCH 6ojiee čHCTpoe orxjuoqeHHe noBpexc* 
aerax (b cjiyqae AeftcTBHH aamHTbi na OTKJiioqeHHe); 

o 3) yMeHbmaioTCH npn OTcyTQTBHHP AyroracnmHX ycr- 
pOŽCTB B CHCTeMe BeJIH l IííHH nepeHanpHXCeHHň, B03HHXaK>mHX 
npx 3aMMKaHHHx qepe3 ©ojibTOBbi AyrH, oÓycjioBjíeHHue eM- 
KOCTHMM TOKOM CeTH. STO npOHCXOAHT 3a CHeT CTexaHHH 
3apHAOB 3AopoBbrx cj>a3 qepe3 3a3eMJiHiomee yerpoftcTBO 
b aeMjno. C btoS tcmxh 3peHHH 3a3eMJiHiomHe conpoTHBJíe- 
«hh b hckom neHcapoBaHHHx cHCTeiMax wejiaTejibHO xaxxce 
aepxcaTb AJiXTejibHO BXJiioqeHHbíMH npn íycToiiqHBHX, aBTO- 
MaTxqecKH HeoTKJiioqaeMHx 3a<MbixaHHHX Ha 3eMJno. 

- IloCTOííHHoe Haji/íqne Bx.noqeHHoro cúnpoTHBjíeHHH HMeer 
Taxíce cjie^yiomee npeHMymecTBo. npn onpeAejieHXH o<5cjiy- 
>K»BaK>iUHM nepcoHajioM noBpexc achhoh jihhhh b ceTH nQ no- 
KaaaHHHM BbinaBIÍIHX ÓJIHHKepOB HMeeTCH B03M0XCH0CTb 6 h- 
dpo npoBepHTb npaBHJibHocTb hx acSctbhh nyieM B 03 &paTa 
b HaqajibHoe nojioxceHHe. B ycTpofrcTBax, paccqHTaHHbix Ha 
KpaTKGBpeMeHHblň TOK 3aMHKaHHH Ha 36MJIK), B AaHHOM CJiy- 
qae 6hjio 6m Heoóxo^HMO exjnoqaTb 3a3eMjiHK>mee .conpo- 
THBjíeHwe, xoTopoe MOJKer 6biTb pacnojiwxeHO h He Ha toh 
noACTaHUHH, rae npoH3BOA«rca HpoBepxa, 

OAHaxo ajih Bttóopa toto hjih Apyroro BapHaHTa cjie- 
^ye? Taxxce 3HaTb, xax BJiHner 3Kthbhhh tok pa3HOH BejiH- 
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qHHH Ha nponecc raraeHHH nyrn b MecTe noBpejKnewHH. 
3 HacTonmee BpeMH stot ©onpoc eme He HBjraeTca BnojiHe 
JICHblM. ZÍJIH BOQAyiHHHX KOMíieHCHpOBaHHblX CeTefi OnhIThl 
yxa3faKBajiH Ha yxymnerwe ranieHHH npn ysejiHqeHHH ocra- 
ToqHoro roxa [JI. 1J. B xa-ÓejibHbix KOMHeHCHpoBaHHbix ce- 

THX HeXOTOpbie OHblTbl C aKTHBHMMH TOKdMH, npHMepHO AO 

50 A, «e HQATBepHC a a jih yKaeaarioro oiojioxceHHH [JI. 2J. 

B HacTonmee BpeMH A«n h B03AyniHwx xoMneHCHpoBaHHbix 
ceTeft, xax npaBHJio, npHHHMaeTcn cxeMa c HopMajibHO ot- 
KJHoqeHHMM 3a3eMJiHioumM conpoTHBjíeHHeM, aBTOMaTHqecxH 
BKjnoqaeMbDM qepe3 BpeMH, AOCTaToqHoe ajih norameHHH 
AyfH AyroracHiuHM ycTpoňcTBOM. TaxBM o 6 pa 30 M 3 amHTa 
OTKJnoqaeT hjth CHrHajiH3HpyeT tojibko ycToňqHBwe oaho- 
$a3Hue 3aMbixaHHH Ha 3eMJiio. 

JIjih xaÓejibHbix ceTeS qame npHHHMaeTcn BapnaHT 
C HOpMaJIbHO BKJIKyqeHHblM 3a3eMJIHK>mHM COnpOTHBJíeHHeM. 

ÍUih co3AaHHH HcxyccTBeHHoro f 3 b pacnpeAejiHTejibHbix 
CeTHX, OTXOAHIAHX OT WHH HOHHHCaK)mHX nOACTaHUHH, HHOT- 
Aa Hcnojib3yiOTCH [JI. 3] Taxxce cHJiOBbie TpaHccJjopMaTopw 
Majioň moiuhocth (5—20 kVA), HMeiomne coeAXHeHHH o6mo 
tok 3Be3Aa-TpeyrojibHHx (4 >ht* VII, 14) hjih c nepBHqHofi 
o6MOTxoň, BbmojiHeHHOH 3Hr3aroM. JIjih 9Toro hx HyjiesaH 
roqxa 3a3eMJiHeTCH HenocpeACTBemio qepe3 BbixjnoqaTejib, 
KOTOpbIH npH HeOTKJHOqeHHHX aamHTOfl OAHO(j>a3HbIX 3aMbrxa- 
hhhx Ha 3 &MJ 110 paspuBaCT uenb 3a3ewjieHHH qepe3 BpeMH, 
AOCTaroqHoe ajih paóorbi 3auiHT, ycfaHOBJíeHHHx b ceTH. 
3 to npoH3BOAHTCH oÓuqHO ot pejie Hanpn^ceHHH, BKJiioqeH- 
Horo Ha <J> H <n bT P HanpHXceHHá HyjieBoň nocjieAOBaTeJibHocTH, 
hjih pejie Toxa, ycTaHaBJíHBaeMoro b uenn 3a3eMJieHHH 
TpaHC(jx>pMaTopa. JljiHTejibHO AepxcaTb BKJiioqeHHbíM Taxofl 
TpaHC(})opMaTop npH HajraqHH b cHCTeMe 3 aMUxaHHH Ha 3 eM- 
jik> oqeBWAHO nejiban. Tax xax oh paÓOTaeT b TnxcejiOM a jih 
ceÓH pexcHMe xopoTxoro 3aMMxaHHH. 

MaxcHMajibHan Be jihhhh a I 3 orpaHHqHeaeTCH b paccMaT- 
pHeaeMOM ycTpoftcrae npaxTwqecxH^ TOJibxo co6cTBeHHMM hm- 
neAaHCOM TpaHC(f)opwaTopa. I 3 »MeeT npH 9 tom 3HaqHTejib- 
Hyio peaxTHBHyio cjiaraiomyio. rio9TOMy ycTpoňcTBo óojiee 
npnroAHO npn ncnojib30BaHHH 3amHT MaxcHMajibHoro roxa. 

Ha ({mr- VII, 15a b *BHAe npxiMepa npHeeA^Ha npxHUH* 
nnajibHaH cxeMa aBTOMaTHqecxH paÓOTaiomeró 3a3eMJiHK>mero 
yCTpOňCTBa C HOpMaJIbHO BKJHOqeHHhlM aKTHBHHM COnpOTHB¬ 
JíeHHeM /, paccqHTaHHhiM Ha KpaTKOBpeMeHHMfi tok. B xaqe- 
CTBe 3a3eMJiHiomero TpaHc^opMaxopa MoxceT óbiTb hchojib- 
30BaH, HanpHMep, TpaHcjxypMarop coÓCTBeHHbix HyxcA non- 
CTaHAHH. npH yCTOÉqHBHX 0AH04)a3HHX 3aMHKaHHHX Ha 3eM- 
ak> (HanpHMep, b cjiyqae ocymecTBJíeHHH 3amHTbi oř 3aMH- 
xaHHH Ha 36MUK), AekcTByiomek Ha cnrHaji, np» orxa3e 
aamHTbi, AeňcTByx)meft Ha OTKJiioqeHHe, hjih npH noBpexc- 
AeHKH Ha sJleMenre, He CHaÓxceHHOM 3amRToS — niHHax 
AaHHoro HanpnxceHHH ycTaHOBKH) 3a3eMJiHiomee conpo- 
THBJíeHHe OTKJUoqaercfl nocpeACTBOM pejie 3 h 4 h bukaio- 
qaTeJin Bí . 

MaxcHMajibHoe pejie roxa 3 npHMeHeHO b cxeMe B3aMen 
pejie 'HanpjrxcexHH, He HMeiomHx HeoóxoAHMux napaMeipoB. 
Ero tok TporaHHH BbióxpaeTCH Tax, htoČm oho He aeňcTBO- 
Bajio npn orcyrcTBHH noBpexcACHHH 3a cqet cMemeHHH Hy- 
JieBOfi TOHKH CHCTeMH H3-3a HeCHMMeTpHH ee OTACJIbHHX 
^)a3. OpneHrapoBOTHO tok TporaHHH pejie 3 MOxceT ČHTb 
BbtópaH cooTseTCTBy k>iuhm 10 + 20% ot MaxcuMajibHoro 
B03M0XCH0T0 iianpHHceHHH HyjieBofi nocjieAOBaTejibHocTH Ha 
3axcHMax H3MepnTejibHoro TpatíC(j)opMaTopa HanpHsceHHH 2. 
JloÓaBoqHoe conpoxHBJíeHHe 6 cjiyxcHT npn btom ajih Heoó- 
xoahmoS peryjiHpOBKH roxa qepe3 pejie. npn BHóope Toxa 
TporaHHH pejie 3 cJieAyeT Taxxce yqHTHBaTb 3HaneHHH tokob 
3aMhIKaHHH Ha 3eMJIK), AJIHTeJIbHO AOnyCTHMMX A JIH 3a3eM- 
jiHiomero conpoTHBJíeHHH h TpaHC^opMaTopa. 

BbiAepxcKa BpeMeHH pejie 4 BuóHpaeTCH óojibuie MaxcH- 
MajIbHOH BfalAepXCKH BpeiMeHH 3aiUHT OT 3aMHKaHHH Ha 3eM- 
Jiio b cera AaHHoro HanpHxceHHH. 

riocjie JIHKBHAaUHH OAH04>a3HOrO 3aMbIKaHHH Ha 3eMJIK) 
conpoTHBJíeHHe / aBTOMaTHqecxH BKJiioqaeTCH nocpeACTBOM 
BMKJiioqaTejiH Bí qepe3 npoMexcyTo-qHoe pejie 5, 3aMbixaio- 
mee npn btom cboS hhxchhh HopMajibHO 3aMKHyTbiň koht3Xt. 



CxeMa MoxceT fíbiTb Hcnoj!b3aBaHa, Hatipmiep, 8 pacripe- 
aejiHTejibHbix ceTHX 3 — 10 kV noHHxcaioiiiHx moACTammii. 

Ha <{>Hr. VII, 156 Taxíce b ©HAe npHiMepa npxBeiAena 
cxeMa aBTOMaTH«iecKH pa6oTaiomero 3a3eMJiHiomero ycTpofi- 

CTEa C HOpMajIbHO OTKJIIOWeHHhlM aKTHBHbFM COnpOTHBJíe* 
dKeM 2, npHCOeAHH€HHHM KO BTOpHHHOH OÓMOTXe IIOHHXíaiO- 
me to TpaHC(J)apMaTopa J. ConporHBJíeHHe paccHHTaHO Ha 
Kpai;KOBpeivieHHoe (20-—30 cex.) nporexaHHe Toxa. 

npH BQ3HHKHOB€HHH B CHCTeMe yCTOitHHBOrO OAHO$a‘3HO- 
ro saMbixaHHH Ha aeMJiio conpoTHBJíeHHe 2 BXJiioqaeTCH no- 
cpeacTBOM pejie 3, 7 h BWKjnoqaTeJiH Bí. 

IlycKOBoe MaxcHMajibHoe ToxoBoe pejie 3 Bbtópa-HO no 
coo6pa»c€HHHM h c napaMeTpaMH b ochobhom tcmh ace, hto 
h ajih cxeMU 4^Hr. VII, 15a. 

flBa pejie 3 ycTaHa-BJíHBaioTCH b Tex CJiyqanx, xoraa 
nHTaHHe y-CTpoficTBa ocymecTBJíHCTCH ot A»yx rpyím H3iMe- 
pHrrejibHHx rpaHajx>pMaTopOB HianpJDKBHHH, ycraHOB- 
JieHHbíX Ha fflByx CHCTOMaX <HtHH OlO^CTaHUHlH. 

Pene ©peMeHH 7 HMeer BbřjDLepfxcKy BpeweHa * 

<3 —4 cex.), t6onbmyio BpeMenH, s TeqeHxe kotco- U 
poro BoaHHiKiinoe oatMbixaHHe t»a 3eMAK> mojkot 6brn> 
fioramoHO, nanpBMep, Kanynuxoft íleTepceHa. * 

OrKJiioxeHHe ,c<mpofiraBfleK»H 2 OGymecrojmer* 

£H c (noMombio ipejie 8, 5 % toto oxe ©wKJiioqarre- 
JIH Bí. 

Pene ©peMeuH 8, meiomee ®peMH cpaÓaTbUBa- 
hhih Óojibanee, xqm iy 3aimiHrr ot saiMHxaHHft Ha 3GM- 
juo ib cent, OTKJiioqaeT conporHBJíoHKe <npn aura- 
rrejibHbsx oaMbQcaHHHx. JI jih n peAOT®pame hmh npH 
9TOM nOBTOpnorO BKJIKWeHHH BfalKJIKmTeJIH no* 
cpeACTBOM ipejie 7 uenb oómotxh nocjiaworo <pa3- 
phLBaeTca KaHrraxTa , M®í npoMexcyTOXHoro pene 6 ao 
MoMe&ra jiHiKBtfíAanHiH mcepeoxAOHHH. nipoMeacyro 1 !- 
Hoe ipejie 5 MrHOBemio omxJUOHaeT saaeauiHioimee 
canpomHBneHHe sípu HcxesHaBeHint (noBpexíAOHHH bjib 

CHRDKeHHlH tH3íIipHHíOHHIH HyJieBOŽ XIOCJieAOBaT€JIb»0- 
cm ao BejiHHHHbí, MOHbin^H (HainpHHceHXH DCX3>Bpanpa 
pejpe 3. 

BhicTpoe orTXJHOHCHire ©bSKjnoqarre^H a btoh 
cjiynae ihco6xoahmo no cjieAyiomHM mpa^mnaiBa: 

1) a jih BoccrainoBJíeHHH AeftcTBHH cxomh m 
cn yqafi (BOShhkhobohhih noBTopHbix aaMHxaHiHfi; 

2) aah npeAOTBpameHHH necenexTRBíHOPO a^Sct* 

BHH 3amHT OT 3 aMbIKa(HHÍl B CeTH, €CJIH OHH paC* 

c^nsTaiHDbi no xoo(j>imHeHTy najimmi aaiMUKaicHH na 
30MJ1K) b, COOTBOTCTByiOmeMy Uff pOJie 3, H TaKHM o6- 
,pa30M se toarjiiaicoBaíHM MexflAy ipo6ofi no HyBCTBH- 
TejibHociw (cm. tji. II, § 19). Taxoe HecejiexTHB- 
«oe AeftcTBHe aamnrbt ®o3mohcho oa chct toto, mo 
K03$v»eHT nojiHora oaiMtíixaiHBH na aeMJiio, a cne- 
AcmaTejibHO, a manpHMce- 


7. 3ALUHTA KABEJIbHbIX CETEfl HAI1P9)KEHHEM 

3—10 kV C MAJlblMH TOKAMH 3AMUKAHH» 

HA 3EMJ110 

ripn paccMOTpeHHH 3amHTbi KatĎenbHbix ceieS 
HanpaxceHHeM 3—10 kV HeoSxoAHMo yqHTHBaib 
cneayiomee: 

1. KoH4)HrypauHH ceiefl HBAneTCH oóbiqHO ao- 
CTaToqHO npocTOň. 3 to — rjiaBHMM o6pa30M paAH- 
anbHbie JIHHHH C OAHOCTOpOHHHM IIHTaHHCM. BCTpe- 
qaiOTCH íaKase napanjiejibHwe ahhhh, KonbuoBan- 
Hbie ceTH c oaho0 to^koA nHTaHHfl h paAHanbHbie 
C HeCKOJIbKHMH TOHKaMH IlHTaHHH* 



Oht. VII,15a. CxeMa aBTOMamKH 3a3eMHHiomero ycTpoHCTBa c aop- 
UaJIbHO BKaiOHeHHWM COnpOTHBJíeHHeM. 


Hne 'HyjiesoH nocjieAOBa** 
TCJlbHOCTa B iCHCTeMe ft®0‘ 

aryr cHaxcaTbCH nocjie 

sfKJiioqeHHH 3aaeMJiHK>me- 
ro ycrrpoftcTiBa (cm. tji. 

§ 6. npeAOTBpamemie 
ňOtSTOpHOrO BKJHOHeHIHH 

3biKJiioqarrejiH o6ecneHH- 
saeTCH. npH btom h3ji»~ 
mhom y pejie 6 xeacoTO- 
ropoň ©HAepoKXH np» 
BoaBpaTe (0,3—-0,4 icex.). 
3 a bto BpeMH pejie 3 

noc JI C OTKJUOHCHUH Bbl- 
'Kjno^aTejiH n noBumeHiHiH 
b ycneBaiOT saMKHyTb 
HHIXCHH6 XOHTaXTH. 

CxeMa mohcct 6uih 
acnojibooBaiHa, mnpHíMep, 
e (KOMn6HCH pQBaMHUX ce¬ 
TH X HanpHHceHHeM 35 kW. 



4>«r. VII,156. CxeMa aBTOiiaTHKff 3a3eMjiHiomero ycTpoHCTBa c HopMajibHo oTKjnoqeHHhiM 

conpotHBaeHHeM. 
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2. Ha Hanóojiee oTBeTcraeHHbix roAOBHbix 
yqacTKax ahhhh, otxoahihhx ot ihhh CTaHunn hah 
paňoHHbix noflCTaHUHň, ycTaHaBJíHBaioTca peaKTO- 
pbi. OTKjnoqeHHe noBpe>KAeHHň Ha peaKTHpoBaHHbix 
AHHHHX C TOAKH 3peHHH OCTaBJíeHHH b padoTe He- 
noBpejKfleHHoň aacra CHCTeMbi MoxceT ébiTb Aony- 
meHO c BbwepjKKoň bpcmchh. 

3. 3amHTa ot Bcex MHorotf)a3Hbix 3aMbiKaHHH, 
xax npaBHJio, ocymecTBJíaeTca AsyxcJiasHOH. Taxoe 
BwnojiHCHHe 3amHTH HMeeT cjieAyromHe npenMy- 
mecTBa: a) Tpe6yeT MeHbinero KOJinnecTBa pejie; 
6) AonycKaeT ycTaHOBKy TpaHciJiopMaTopOB TOKa 
TojibKo b AByx 4>a3ax (b ceTax 6e3 cneuHajibHbix 
3aiHHT OT 3aMbIKaHHH Ha 3eMJIK) hjih npH npHMe- 
HeHHH AJia nocjieAHHX TpaHciJiopMaTopoB raná Oep- 
paHra); b) odecnenHBaeT oTKjnoneHHe TOJibKo oa- 
hoto MecTa noBpejKAeuHa 6e3 bchkhx 6jiokhpobok 
npHMepHO b 6S>°/ol cJiynaeB aboůhhx 3aMbiKaiiHH Ha 
36MJII0. 

Tanaa 3am,HTa npH abohhmx 3aMbiKaHHax Ha 
3eMJiio, kota a oaho mccto noBpejKACHHa pacno- 
jioxceHO Ha (J)a3e roAOBHofi ahhhh 6e3 TpaHcijiop- 
MaTopa Tona, a Apyroe Ha uiHHax mrfaioineH noA- 
cTaHUHH, He noAeůcTByeT h npHBeACT k odecTora- 
B3HHK) UIHH. OAH3KO BepOHTHOCTb T3KHX nOBpejK- 
ACHHH MaAa, H HOSTOMy C HX B03M0JKH0CTbI0 npH- 
xoahtch corjiainaTbca; cjieAyeT TaKxe oTMeraTb, 
ito yKa3aHHbie HenpaBHJibiibie AeficTBHa Boo6me 
He MoryT hmctb' MecTa npH HaAHAHH Ha jihhhhx 
3aiAHTH OT 3aMbIKaHHfl Ha 3eMAIO, AeHCTByiOmeH 
Ha OTKJHoaeHHe. 

Ha OCHOB3HHH npHBeAeHHbIX COOČpaJKeHHfi oc- 
hobhhm ranoM 3am,HTbi KačejibHbix ceieň HBjíaeTca 
MaxcHMaAbHaa TOKOBaa b AByx(jia3HOM ncnoAHe- 
HHH. B HeAHX 9KOHOMHH OĎOpyAOBaHHfl ee AJIH 
6ojibiHHHCTBa cjiyaaeB cAeAyeT ocymecTBAHTb yn- 
pomeHHoň, HanpHMep, c BKAioaeHHeM oahoto peAe 
Ha p33HOCTb TOKOB AByX (J)a3. 

CxeMbi CAeAyeT ocymecTBAHTb c peAe npaMoro 
AeňcTBHH hah Ha onepaTHBHOM nepeMeHHOM Tone, 
ecAH ycTaHOBKa He HMeeT aKKyMyAHTopHoft daTa- 
pen, BbiĎpaHHofl no ApyrHM coodpajKeHHHM (Ha¬ 
npHMep, ajih AHCTaHitHOHHoro ynpaBAeHHH bhkaio- 
HaTeAHMH). 

B nepByio onepeAt HeodxoAHMo oneHHBaTb 

B03MO)KHOCTb HCn0Ab30B3HHH peAe npHMOrO AeflCT- 

bhh (HanpHMep, raná KAM 3aBOAa «3AeKTpo- 
annapaT»), ynHTbiBaa, c oahoh CTOpoiibi, hx npo- 
CTOTy H, C Apyroň, HeBblCOKHe KOS^HUHeHT B03- 
BpaTa H TOAHOCTb. 

B CAynae HeHeAecoodpa3Hocra npHMeHeHHH 
peAe npaMoro abhctbhh samnibi ocyinecTBAHioTca 
Ha onepaTHBHOM nepeMeHHOM Tone. 

HeAocTaTKOM cxeM c BKAioneHHeM oahoto peAe 
Ha p33HOCTb TOKOB AByX cjl 33 HBAHeTea 3HawreAb- 
Hoe nOHHHieHHe HyBCTBHTeAbHOCTH npH' 33MbIK3HHH 

MeiKAy AByMa 4>a3aMH, KorAa OAHa H3 hhx He 
HMeeT TpaHc<})opMaTopa TOKa. IloaTOMy npH B03- 
M05KH0CTH H ueAeCOOdpa3HOCTH OCyiHeCTBACHHH 
TOKOBHX OTCeaeK, K npHMeHeHHK) KOTOpbIX CAeAy- 
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eT CTpeMHTbCH, npHXOAHTCH H3CTO nepexoAHTb Ha 
cxeMy coeAHHeHHa TpaHCtJiopMaTopoB tok a h peAe 
b HenoAHyio 3Be3Ay. 

3amHTbi c peAe KocBeHHoro AeňcTBHH h Ha 
onepaTHBHOM nepeMeHHOM Tone odbíHHo BbinoA- 
HaiOTca nocpeACTBOM. peAe c orpaHHHeHHo-3aBHCH- 
Mofi xapaKTepncTHKoň, HanpHMep, raná HT-81 hah 
HT-11 X3M3. IlpHMeHeHHe peAe HT-81, HMeio- 
mnx TOKOByio OTcenKy, AaeT B03M0>KH0CTb Ha pe- 
axrapoBaHHbix ahhhhx oTKAionaTb 6e3 bhabpjkkh 
BpeMeHH noBpejKAeHHH ao peaKTopoB h b Hacra 
hx bhtkob h onpeAeAeHHyio 30Hy jihhhíí b Apyrnx 
CAynaax. 

JlonycKaeTca TaKJKe npHMeHeHHe 3amHT c Hé- 
33BHCHMbIMH XapaKTepHCTHKaMH. 



<í>nr. VII, 16. OOTocHCTeMHasr cxeMa BKJiicmeHHH MaKciiMa.u.- 
Hoft tokoboíj 3amHTbi c peae 3T-t>0 X9M3, HaaeiKHO AeHCT- 
Byiomaa npn aByx(fia3Hbix 3aMbiKanHax 3a TpaHCipop- 
MaTopaMH c coeflHHeHHtM oómotok 3 Be3aa-TpeyrojibHHK 
h HMeromaa yMeHbmeHHMe KOJie6aHna lyBCTBMTeJibHOCTH b 
Apymx cayjaax. t 

OeymecTBAeHHe Taxofi 3am,HTbi b oahochct6m- 
hom HcnoAHeHHH c peAe raná 3T-60 X3M3 e6jia- 

AaeT CAeAyiOmHMH O.COÓeHHOCTHMH. í(Be nOAOBHHbl 
OĎMOTKH peAe MOPyT ÓbITb BKAIOHeHbl He Ha pa3- 
HOCTb TOKOB AByX (})a3, ŘaK 3T0 HOpM3AbHO OCy- 
mecTBAaeTCH, a Ha cyMMy tokob c pa3AeAbHbiM 
npncoeAHHeHHeM Ka>KAo8 noAOBHHbí o 6 motkh na 
tok cooTBeTcrayiomefi (J)a3bi ((Jiht. VII, 16). Totah, 
HanpHMep, npH 33MbIKaHHH MeJKAy AByMH (j)a3aMH, 
Ha KOTOpbIX yCT3HOBAeHbI TpaHC^OpMaTOpbl TOKa, 
MaTHHTHbie nOTOKH, BblXOAHIAHe H3 BepXHerO H 
HHxraero noAiocoB MarHHTonpoBOAa, OKa3biBaioTcsi 
nanpaBAeHHbíMH HaBCTpeny h 3aMbiKai0TCíi Kak no- 
TOKH paeceHHHH Hepe3 ĎOKOBbie CTOpOHbl ManiHTO- 
npOBOAa. npH 3T0M BeAHHHHa nOTOKOB paeceHHHH, 
onpeAeAHiomaH BpamaiomHft momcht, oóycAOBAH- 
BaeTCH 4>a3HbIM TOKOM H nOAOBHHOH bhtkob 06 - 
MOTKH. B pe3yAbTaTe MO/KHO nOAyHHTb cxeMy, 
HyBCTBHTeAbHOCTb KOTOpOH B XyAUieM CAV^ae no- 
HHxcaeTCH npHMepHO Ha 30.% nporaB npHÓAH3H- 
TeAbHo 73% y HopMaAbHoň cxeMbi. 



CxeMa 3Ta TaioKe c pa3Hofi qyBCTBHTenbuocTbio, 
ho npaBHjibHo AeňcTByeT npn AByx(J)a3Hbix no- 
BpesK^eHHax 3 a chaobhm TpaHciJiopMaTopoM c co- 
eflHHeHHeM očmotok 3Be3fla-TpeyrojibHHK. 3 to 
oĎTjHCHaeTca TeM, hto npn npoTeKaHHH aepe3 
TpaHC(J)opMaTopbi TOKa 3am;HTbi AByx paBHbix no 
BejiHHHHe h <})a3e tokob qepe3 axopb pene npo- 
xoaht noTOK, oĎycjioBjíeHHbiň cyMMoň aMnepBHT- 
KOB OČMOTOK. 

BBH,ay npHBeAeHHbix cboůctb cxeMbi ee B 03 - 
mohcho Hcnojib30Bai;b TaKKe aah ocvmecTBneHHH 
TOKOBbix OTceaeK h 3 am,HT, KOTopue aoajkhh Ae&- 
cTBOBaTb npn noBpeJKABHHax 3 a TpaHC(J)opMaTopa- 
mh c coeAHHeHHeM očmotok 3 Be 3 Aa-TpeyronbňHK. 

B HeKOTopbix cnyqaax paAHanbHbie jihhhh c 
OAHOCTOpOHHHM nHTaHHeM HMeiOT CABOeHHbie noA 

oahh BbiKAioqaTeAb ABa Kačena. Torna nononHH- 

TenbHO K OCHOBHOft MaKCHManbHOfl TOKOBOH 3aiUH- 
Te MoaceT čbiTb aah ycKoperaa oranioqeHHH no- 
BpeatAeHHS AOČaBneHa b KaqecTBe BcnoMoraTenb- 
hoh nonepeaHaa TOKOBaa AH<} )e P eHI v !ajIbHaíI 3amH- 
Ta. Ee ycTaHOBKa mojkct óbira, oah3ko, onpaBAaHa 
TonbKo b tom cnyqae, ecAH He npoxoAHT TOKOBaa 
OTceaKa h ecAH^AaBaeMoe eň ycKOpeHHe oranioqe- 
HHa AeflcTBHTenbHO HeočxonHMO aah očecneqeHaa 
čecnepečoňHoft pačora HenoBpeacAeHHoft qacra 
CHCTeMbl. 

JXji a AByx napannenbHbix ahhh& c oahoctopoh- 
HHM nHT3HHeM MOryT ČbITb peKOMeHAOBaHbl K npn- 

MeHeHHio b KaaecTBe ochobhhx nonepeqHbie ah- 
4>epeHUHanbHbie HanpaBneHHbie 3aniHTbi h m3Kch- 
ManbHbie TOKOBbie 3ain,HTbi c nHTaioiueíi ctopohh. 

ToKOByio čanaHCHyio 3auiHTy aah paccMaTpu- 
BaeMořo- cnyqaa npnMeHaTb He cnenyeT, TaK KaK 
npn cymecTByiomeM BbinonHeHHH (pene raná 
3B-21 X3M3) OHa He npHroAHa aah peaKrapo- 

B3HHbIX AHHHH (TOK TpOraHHH 33BHCHT OT CÁBHTa 
(|)a3 TOKOB B AHHHHX) H HMeeT CXeMy, HeMHOTHM 
óonee npocTyio, qeM nonepeqHaa HanpaBneHHaa 
3amHTa. 

JUlH 'KOAbneBOH CeTH C OA‘HOH TÓHKOft nHT3HHH 
H paAHaAbHOH cera C HeCKOAbKHMH TOHK3MH nHTa- 
HHH npH OAHHOHHblX AHHHHX MOACCT ČbITb npHMe- 
HeHa MaKCHManbHaa TOKOBaa HanpaBAeHHaa 3aniH- 
Ta h b TOHKax, rne no ycnoBHHM ceneKTHBHOcra 
opraH HanpaBneHHa mouíhocth He TpečyeTca, MaK- 
CHManbHaa TOKOBaa 3amHTa. 

npH HaAHHHH Ha OTABAbHblX yqaCTKaX TaKOH. 
CeTH CABOeHHbIX nOA OAHH BblKAIOHaTeAb AByx Ka-. 
čeneS aah ycKopeHHH OTKAioqeH.HH noBpe)KAeHHH 
b HeKOTopbix cnyqaax 0Ka3biBaeTca uenecoočpa3- 
Hoň ycTaHOBKa b KaqecTBe BcnoMoraTenbHoň none- 
penHoň AH<t>epeHnHaAbHOH TOKOBOH 3 aiUHTbI. 

Ha napannenbHbix ahhhhx, cHač>KeHHbix ot- 
ABAbHblMH BblKAIOqaTeAHMH, HeOČXOAHMa THK/Ke 
ycTaHOBKa nonepeaHbix AH^epeHAHan^Hbix HanpaB- 
neHHbix 3amHT, TaK KaK MaKCHManbHbie Hanpas- 
neHHbie 3auj;HTbi npH HanHqHH AByxcTopoHHero nn- 
TaHna He odecneHHBaioT ceneKTHBHoro OTKnioqeHHH 


TOAbKO OAHOH nOBpejKASHHOH H3 AByx napannenb- 
HblX AHHHfi. 

CBH3b MeíKAy CTaHUHHMH HAH CT3HUHHMH H 
paňoHHbíMH noACTaHHHHMH b HeKOTopbix cnyqaax 
BbinOAHHIOT KáČeAbHblMH AHHHHMH Ha reHepaTOp- 
hom HanpajKeHHH. .Hna TaKHx ahhhh, HMeiouinx 
HečoAbniyio AAHHy h TpečyroiuHx čbiCTporo otkaio- 
neHHH, aacTo HeočxoAHMo npnMeHHTb b KaaecTBe 
ochobhoů npoAOAbHyio AH^epeHitHaAbHyio 3 amHTy. 
TaK KaK APyrne donee npocTbie ranbi 3auiHT 
He yAOBAeTBOpHIOT HeOČXOAHMblM TpeĎOBaHHHM. 
B 3tom cnyaae očbiaHo npHMeHaiOT 3amHTbi c pě¬ 
ně raná TpaHcneň. 

B KaaecTBe cneitHanbHbix 3amHT ot oAH 0 (})a 3 - 
HblX 3aMbIK3HHH Ha 3eMAK> npH HX yCT3HOBKe. npH- 
MeHHioTCH 3amÓTbi HyneBoň nocneAOBaTeAbHocTH: 
MaKCHManbHbie TOKOBbie h MaKCHManbHoň moiuho- 
CTH. 

Zina paAHanbHbix ahhhh c oahhm reHepapyio- 
iuhm HCToqHHKOM peKOMeHAysTCH KaK 6onee npo- 
cTaa MaKCHManbHaa TOKOBaa 3am;HTa. npHMeHeHHe 
3aiHHTbI M 3KCHM 3AbHOH MOUÍHOCTH, OCOČeHHO C 

KOMneHcauneH i H g, AonycnaeTca TonbKo Torna,. 
Korná qyBCTBHTeAbHOCTb TOKOBOH 3aiIIHTU 0 K 33 bI- 
BaeTca HeAOCTaTOHHOH, t. e. KorAa OHa AeftcTByer 
TonbKo npH HenpHeMneMo čonbuiHx 3HaqeHHax ko- 
3<J)HUHeHTa nOAHOTbl 33MbIK3HHa b. 

JXna 3aniHTbi nenecoo6pa3Ho Hcnonb30Baih 
TpaHC(J)opMaTOpbi TOKa raná OeppaHTH. Hcnonb 3 o- 
BaHHe cxeMbi ronbMrpHHa MoaceT 0Ka3aTbca >xe- 
naTenbHbíM, HanpHMep, c nKTaronieň ctopohh peax- 
THpoBaHHbix roAOBHbix nHHHÍí. B 3tom cnyaae B 
. 3auiHin;aeMyio 30Hy bxoaht TaKnce peaKTop, mo 
HeB03MoncHO npn TpaHC(})opMaTopax ÓeppaHTH, na- 
AeBaeMbix Ha Kačenb. , 

8. 3A1U.HTA B03AyUIHbIX KOMflEHCHPOBAHHblX 
CETEH HAnPJDKEHHEM 35 kV 

npH BbIČOpe 3aiUHTbI AAH B03AyUIHbIX KOMneH- 
cnpoBaHHbix ceTeň HanpajKeHHeM 35 kV Heočxo-, 
' ahmo yqHTbiBaTb cnenyiomee: 

1) cera b pane cnyqaeB MoryT HMeTb Aocia- 
touho cnojKHyio KOHcJiHrypaiiHio; 

2) ahhhh b ceTax 35 _ kV .očbiqHO He peaKTH- 
pyioTca, nosTOMy aah očecneqeHHa pačoTH He-. 
noBpexcAeHHoň qacTH CHCTeMbi MHoro<j)a3Hbie 3a- 
MblKaHHH, OCOĎeHHO Ha AHHHHX, paCnOAOJKeHHHX 
BÓAH3H OCHOBHbIX CT3HIIHH H nOACTaHUHH, AOAJKHbi 
OTKAIOqaTbCa C MHHHM3AbHO . B03M0>KHbIMH BpeMe- 
HaMii; 

3) HHcno nocAeAosaTeAbHbix yqacTKOB b stux 
ceTax, b ocočeHHocTK yqHTbiBaa pacnpeAeAHTenb- 
Hbie cera HH3iuero HanpajKeHHH, bcahko, noaTOMy. 
ecAH no ycnoBHHM ceAeKTHBHoro OTiviioHeima no- 
BpencAeHHň h AonycraMbi TOKOBbie hah tokobuc 
H anpaBAeHHbie saniHTu, ohh hbahiotch b HeKOTo¬ 
pbix cnyqaax Mano npneMAeMbiMH no cbohm bm- 

AepjKKaM BpeMeHH. 

B CBH 3 H C H3JIOJKeHHbIM OCHOBHblM THnOM 33- 

uiht aah ceTeň caojkhoií KOHtJiHrypaiiHH. Hanpaxie- 
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'HReM 35 kV HBjíaeTCH AHCTaHHHOHHaa HMneAaHc- 
naa. Eojiee coBepiueHHbie, ho cjioxHue h Aoporae 
3amHTbi — HanpaBjíeHHbie c BbicoKoqacTOTHoii 6 jio- 
iKHpoBKoft b paccMaTpHBaeMHX ceTHX He npHMe- 

‘HHIOTCH. 

HMnenaHCHaa 3amHTa BunoAHaeTca Tpex<j)a3- 
rfOH hjih í(Byx<j)a3Hoft. Hanóojiee npocTbie cxeMbi— 
AByx<jja3Hue OAHocHcreMHbie 6e3 nepeKJiioqeHHH 
tokobux ueneft uiHpoKoro pacnpocTpaHeHHH He 
HMeiOT, Tax Kax AaiOT HenpaBHjibHue 3aMepu b 
CJIOJKHUX ceTHX npH ABOHHbIX 33MbIKaHHHX Ha 
3eMJH0. ri03T0My HX npHMeHHIOT TOJIbKO AJIH paflH- 
aabHblX TynHKOBblX JIHHHH. 

IlpeHMýmecTBOM AByx<})a3Hbix cxeM hjih oaho- 
CHCTeMHbix c nepeKJHOHeHHeM tokobmx ueneft 3 a- 
ihht HBjíaeTca: a) coKpameHHe KOAHqecTBa no- 
TpefiHoro pejieftHoro oóopyAOBaHHa; 6) oóecneqe- 
Hae npHMepHO b 66% cjryqaeB OTKjnoqeHHH tojibko 
oahoto MecTa noBpexcneHHH npH aboShux 3aMU- 
K3HHHX Ha 3eMJIK) 6e3 npHMeHeHHH CneHHaJIbHbIX 
ÍJIOKHpOBOK. nOSTOMy AByX<Í>a3Hbie AByXCHCTeM- 
«ue cxeMbi, HanpHMep, ahct3huhohhux 3am,HT no- 
jiyqaiOT uinpoKoe pacnpocTpaHeHHe h b ceTax Ha- 
npHKeHHeM 35 kV h MoryT 6brrb peKOMeHAOBaHu 
B xaiecTBe ochobhhx. 

A jih oňecneqeHHH 6onee npaBHjibHoro 3aMepa 
COnpOTHBJíeHHH npH ABOftHbIX 33MbIKaHHHX Ha 3eM- 
jik) cxeMbi HMneABHCHbix 3amHT 3a HcujnoqeHHeM 
ycTaHaBJíHBaeMbix Ha paAHajibHbix TynHKOBbix jih- 
HHHX HHOrAa BbinOJIHHIOTCH C TOKOBOH KOMneHCa- 

weň. 

B Tex xce aejiax npn abohhhx 3aMbiKaHHHX Ha 
i '3eMjiK> Ha yqacncax c Ioj± 0 ohh nepeKJHoqaiOTCH 
na <j>a3Hue HanpHHceRHH. 

MaKCHManbHbie TOKOBbie (HopMajibHoro Bunon- 
■jjeHHfl) h TOKOBbie HanpaBJíeHHue 3amHTH pexo- 
sieHAyiOTCH b KaqecTBe ochobhhx b Tex cAyqaax, 
Koraa ohh oóecneqHBaioT cejieKTHBHoe OTKJiioqeHHe 
tJOBpejKfleHHH c npneMjieMbiMH BUAepacxaMH Bpe- 
MeHH (HanpHMep, HanpaBjíeHHan 3amHTa ycraHaB- 
JlHBaeTCH C npHeMHbIX CTOpOH TOJIOBHblX JIHHHH 

Kojibua c oAHOfi reHepapyiomeň tohkoh, oSopyAo- 
BaHHoro AHCTaHUHOHHbíMH 3amHTaMH; a jih yxa3aH- 
hoto MecTa cera OHa BunojmaeTca MraoBeHHo- 
AeficTByiomefl). 

MaKCHMajibHbie TOKOBue 3 amHTH MrHOBeHHoro 
AefiCTBHH — TOKOBHe OTCeHKH — UIHpOKO npHMeHH- 
íoT b KanecTBe BcnoMoraTejibHbix 3aiUHT. Hx oc- 
riOBHoe Ha3HaqeHHe — ycKopHTb OTKJiioqeHHe no- 
BpewAeHHH npH HeAocTaToqHo 6bicTpoAeňcTByio- 
1HHX OCHOBHbIX 3aiHHTaX H OĎecneHHTb OTKJHOqe- 
HHe npH KOpOTKOM 3aMbIK3HHH B HX MepTBblX 
30HaX. 

, riosTOMy TOKOBbie OTceqKH ycTaHaBjíHBaiOT, 
Koraa: a) Hane>KHO nepexpuBaiOT MepTBbie 30Hbi 
ochobhhx 3aiHHT, 6) 3amHmaioT He MeHee 20— 
30% fljiHHbí jihhhh npH MeAJieHHOAeficTByiomeií 
ocHOBHoň 3amHTe. npH fíbicTpoaeHCTByiomeň oc- 
HOBHOÍÍ 3amHTe, He HMeiOIueĚ MepTBHX 30H, yCTa- 
HOBKa tokobux OTceqeK aonycKaeTCH TOjibKO b 
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tom cjiyqae, ecjiH ohh aeficTByioT Ha 6ojibiuefl qa- 
CTH 3aiHHmaeMOH JIHHHH. 

Ha AByx napajuiejibHux jihhhhx ycTaHaBjíHBaiOT 
nonepeqHHe AHifrepeHHHajibHue 3amHTbi (fíajiaHc- 
H3H T0K0B3H HJIH AH(J)epeHHHajIbHaH HanpaBjíeHHan) 
h HMneaaHCHbie, ecjiH b A3Hhom qacraoM cjiyqae 
He MoryT 6uTb npHMeHeHbí B3aMeH hx óojiee npo- 
cTbie m a kchm ajibHbte TOKOsae HanpaBjíeHHbie hjih 
H eHanpaBjíeHHue 3amHTbi. 

fljIH JIHHHH M3JIOH npOTHJKeHHOCTH (AJIHHa AO 

4-i-5 km) HopMajibHaH AHCTaHHHOHHaa 3amHTa 
(c nepBOH cTyneHbio 6e3 BUAepxcKH BpeMeHH), KaK 
npaBHjio, He mojkct 6biTb ocymecTBjíeHa. 3 to npn- 
boaht npn ee Hcnojib30BaHHH b KaqecTBe ochobHoh 
3amHTu (6e3 nepBoň cTyneHH) k noBumeHHio bh- 
Aep*KH BpeMeHH OTKJiioqeHHH noBpeHcaeHHfl ao 

Íí/m£wuel_,_I j_ flompedumejib 


<PHr. VII, 17. 3aiaHTa paaHaabHOíi ainiRH, nHTaiomeff oohh- 

ataioiHHň TpaHcýopMaTOp. 

BejiHqHHH, cooTBeTCTByioiHefi BTopoň CTyneHH, h 
noBbiuieHHio BbiAepHíeK BpeMeHH BTopux cTyneHeň 
3aiUHT CMejKHbIX yq^CTKOB. 

Ecjih BpeMeHa OTKjiioqeHHH noBpexcAeHHfi oxa- 
3HB3IOTCH npH 3T0M A JIH CHCTeMbl HeAOnyCTHMHMH, 
b HeKOTopux qacTHux cjiyqanx npHXOAHTCH npn- 
MeHHŤb npoAOJibHyio AH({)epeHHHajibHyio 3auiHTy 
Tnna TpaHcjieň. Ilpn stom cjieAyeT BbiacHHTb B03- 
MOHíHOCTb Hcnojib30B3HHH ajih Hee b KaqecTBe co- 
CAHHHTeAbHblX npOBOAOB B03AyUIHHX npOBOAOB, 
BHAejieHHblX Ha AHHHHX CBfl3H. 

Ha npHMeHeHHe cjiojkhhx 3aiUHT cjieAyeT, oa- 

HaKO, HTTH TOJIbKO B Tex CJiyqaHX, KOTAa HCnOJIb- 
30BaHHe HaHfíojiee npocToň m a kchm ajibhoň tokoboř 
3aiHHTH OKa3HBaeTCH HeB03M0JKHbIM. Hhjkc npH- 
boahtch HecKOJibKO CAyqaeB, KorAa tokob3h 3a- 
uiHTa MoweT AaTb yAOBAeTBopHTejibHoe pemeHHe 
Bonpoca. 

npHMepbl HCn0JIb30BaHHtl MaKCHMaJIbHOfl TO- 
KOBOft 3amHTbi. 3 am ht a paAHaAbHofl jih¬ 
hhh, íiHTaiomefi noHH*aioiuHň t p a h c- 
4>opMaTop (4>Hr. VII,17). B pane cjiyqaeB, Kax 
noKa3biBaiOT cooTBeTCTByiomHe pacneTbi, yAOBjíeTBo- 
pHTejibHaa 3amHTa jihhhh mohíct 6biTb nojiyqeHa npH 
npHMeHeHHH AByxcTyneHqaToň MaKCHMajibHoň toko- 
boů 3amHTbi. riepBaa CTyneHb 3amHTU npeACTaBjíaeT 
TOKOByio OTceqicy. /(jih toto htoOh OHa oxBara- 
Bajia bck) jihhhk), ee tok TporaHHH OTCTpaHBaeTca 

OT KOpOTKOTO 3aMbIK3HHH 3a nOHHJK3IOLUHM TpaHC- 

(JjopMaropoM. npn 3 tom a jih npeAOTBpameHHH 
BKjnoneHHH noA HanpnxceHHe BuicmoqaTejieM ah- 
hhh noBpe>KAeHHOro TpaHc<}>opMaTopa (HanpHMep, 
npn ycTaHOBKe Ha ahhhh aBTOMaTa noBTopHoro 
BKJiioqeHHH — AriB, qro aah AflHHoro cjiyqaa Becb- 
Ma Henecoo6pa3Ho) nocAeAHHH TaKJKe aojdkch 
CH aĎJKaTbCH TOKOBOH OTCCHKOfi. BTOpafl CTyneHb 



3amHTbi pafioTaeT KaK peaepBHaa, c Bw^epacKoS 
BpeMeHH, corjiacoBaHHofl c BpeMeHaMH paĎOTbi 3a- 
iuht, ycTaHOBJíeHHbix Ha noHHacaiomeS noACTaHiura. 

3 a m h t a paaHajibHofi jihhhh, na- 
Taiomeá HecKOJibKo noHHJKaiomHx 
TpaHC<J)opMaTopoB (<J)Hr. VII, 18). 3amHTa 
MoateT óbiTb ocymecTBJíeHa, KaK h b npeAbwymeM 
cjiynae. OAHaKo npH stom b cjiyiae, HanpHMep, 
nepeKpwTHH BTyjiox 35 kV OAHoro H3 TpaHcijjop- 
MaTopoB oĎecTOHHBaioTCH Bce 3a cneT paóoTbi 3a- 
IUHTW JIHHHH. Ha 3TO B HeKOTOpblX CJiyqaHX CHH- 
T3IOT B 03 MÓJKHHM HTTH, npHHHMafl BO BHHMaHHe 
Majiyio BepoHTHocTb TaKHx nepeKpwTHfi (npn no- 



3amHTH cjieayiomHX yqacTKOB, xax h BTOpaa 
CTyneHb roJioBHoro, aeňcTByiOT c BUAepjKKaMH 
BpeMeHH, BbidpaHHbíMH corjiacHO CTynemaTOMy 
npHHUHny. 

npn noBpeatACHHH Ha jik>6oh h3 jihhhh bmkjiio- 
qaTejib roJioBHoro ynacTKa oTKjnoqaeTca 6e3 bh- 
AepxcKH BpeMeHH h BKjHOHaeTcn oópaTHo AI1B; 
OTceiKa roJioBHoro yqacnca bhboahtch npH stom 
H3 AeflcTBHH. Ecjih noBpejKAeHHe He jihkbhahpo- 
BaHo, aBapHHHbiň yqacTOK OTKJHoiaeTCH cejieKTHB- 
HO CBOeň 3amHTOH C BblAepJKKOH BpeMeHH. 

3 a m a t a KOjTbneaoft cení c ’ a b y m a hctoí- 

H H K a M H n H T a HH H, C B fl 3 a H H hl M H JIHHHefi 6í3 

npoMewyTORHbix noACTaHUHft VII, 20). Kán 
6 hjio noKa3aHo b rji. III, KOJibuoBawHue ceTH c shcjiom 
HCTOBHHKOB AHT3HHH fiojlbme OAHOTO He MOryT, ÓHTb 3am«' 
menu ceaeKTHBHO tokoboS HanpaBJíeHHoft 3amHTofl. OjmaKo 
b Hacraow cjiyaae npH íienocpeACTBeHHoft cbh3h JIHHHefi Asyx 
HCTOHHHKOB IIHTaHHH 3a CHeT HeKOTOpUX AOÓaBJíeHHS B03- 
MOXCHO STOH 3aiIUtTOH OCymeCTBHTb CejICKTHBHyiO saotHTy 
KOJIblia. 

JXnn ocymecTBJíeHHH 3amHTbi HCnojib3OBaH0 to nojiosxe- 
HHe, HTO npH nOBpeXCACHHR Ha JIHHHH AB MOUIHOCTb Ha J1H- 


4>«r, VII.18. 3am«Ta paanajibHOH jihhhh, iiii- 
Taiomeft HecKoabKo noHHxaiomHX TpaHCípopMa- 
TOpOB. 


fíumame 




BpescAeHHH BHyTpH TpaHC(J)bpMaTOpa aojijkh? Aefi* 
cTBOBaTb ero ra 30 Baa 3auurra —cm. tji. IX) h bo 3- 
MOJKHOCTb yCTaHOBKH AIIB. 

ŤoKOBaH 3amHTa a Ji a paccMaTpnBaeMoro cjiy- 
qaa mojkct SbiTb BunojiHeHa BnojiHe cejieKTHBHoň 
npH ocymecTBJíeHHH ee TpexcTyneHqaToS. IlepBaH 
CTyneHb npeACTaBjíaeT OTceqicy 6e3 BbiAepJKKH 
BpeMeHH, oxBaTWBaiomyK) qacTb ajihhh 3amHmae- 
MOH JIHHHH, TaK KaK ee íp rn OTCTpaHBaeTCH OT KO- 
pOTKOTO 33MbIKaHHH B KOHIie 3TO& JIHHHH. BTOpaH 
CTyneHb hbahctch TaKwe OTceqKofi, ho c bhacp*- 
koh BpeMeHH, Ha CTyneHb doAbuieň BpeMeHH AeftcT- 
BIIH TOKOBblX OTceqeK TpaHc4»opMaTopoB. Ee TOK 
TporaHHH OTCTpaHBaeTCH OT KOpOTKOrO 3aMUKaHHH 
3a noHHHcaiomHMH TpaHciJjopMaTopaMH. TpeTbH 
CTyneHb paĎOTaeT KaK pe3epBHaH, c BbwepjKKoft 
BpeMeHH, COrjiaCOBaHHOH C 3amHT3MH nOHHHCaiO- 

meň noACTaHUHH. 

BTopoň BapnaHT BbinojiHeHHH samHTW HMeeT 
tot HeAOCTaTOK, hto nepBaa 30Ha mojkct oKa- 
33TbCH OXBaTblBaromefl TOJIbKO He3HaqHTeJIbHyiO 
qacTb JIHHHH hah Booóme He npoflTH. 

3 amHTa uenoqKH paaHajibaux jih¬ 
hhh C OAHOCTOPOHHHM nHTaHHeM 

(<J)Hr. VII, 19). 3amHTa mojkct 6hti. ocymecTBJíena 
c HcnoAb30B3HHeM AByxcTyneHqaToň m 3kchm ajibHoň 
TOKOBOfi 3aiHHTbI B KOMÓHHaiXHH C AIIB Ha rOJIOB- 
hom yqacTKe h 3amHT c BbiAepjKKofl BpeMeHH Ha 
cjieAyiomHX yqacTKax. 

nepBaa CTyneHb 3am,HTbi roJioBHoro yqacTKa 
HBJlHeTCa TOKOBOH OTCCHKOH 6e3 BWAepJKKH Bpe¬ 
MeHH, oxBaTHBaiomefi bcio uenoqKy jihhhh 35 kV 

H OTCTpoeHHOft OT KOpOTKOrO 3aMbIKaHHS 3a no- 
HHJKaiOIAHMH TpaHC(J)opMaTopaMH. 




fiompeBamePh 

vn,I9. 3amHTa ueno^KH paaHaJibHHX c cum- 

CTOpOHHHM nHTaHHeM. 



4>«r, VIl»20. 3amHTa 
KO^bueBoň čem c abymh 

HCTOqHHKaMH nHTaHHH, 
CBH3aHHbIMH AHHHeíf 6e3 
npoMe^VTOMHbix noACTaH* 
UHň. 


flomp&5umG/i& 


hhhx AC hah BC AOAXHa ÓHTb HanpaBAeHa k ffltfHaM re- 
HepnpyiomHx noACTaHUHň A hah B. FIph noBpe»CAeHHax Ha 

AHHHHX AC HAH BC MOIUHOCTb B HHX MOHCeT ÓtlTb HaUpaB- 
AeHa TOAbKO OT (UIHH HO-ACTaHUHft A H B. 

3amHTa BbinoAHHeTCH cAeAyiomHM o6pa30M. Ha ah- 
hhh AB ycTaHaBAHBaiOTCfl ABa KOMiiAeKTa peAej HanpaBAeH- 
Hwft 6e 3 ‘BHAepHCKH BpeMeHH h HeHanpaBAeHHHň c BHAepxí- 
Kofi BpeMeHH, na CTyneHb óoAbineň, neM Ha ahhhhx AC h 
BC CO CTOpOHH HOACTaHUHŘ A 1/1 B. 

jleftcTBHe HanpaBAeHHoň 3amHTH toalko Ha ynacuce AB 
AOcmraeTCH 3a cneT óaokhpookh ee opraHaMH HanpaBAeHHB 
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MOIUHOCTH, yCTaHOBJíeHHblMH CO CTOpOHH nO^CTaHUHĚ A H B. 
OhH flaiOT 303MO>KHOCTÍ» 3aiUHTe paÓOTaTb TOJIbKO npH Ha- 
npaBJíeHHH moiuhocth b jihhhhx AC h BC k mlmaM. 

'BbrcTpo^eHCTByiomaH 3amHTa jihhhh AB BbrnojmaeTCH 
HanpaBjíeHHoň, jxj ih Toro UToóbi ne OTCTpaHBaTb ee no Bpe¬ 
MeHH ot 3amHT ApyrHX Hanpa>KeHHH noACTaHUHH A h B. 

HcHannaBJíeHHbiň KOMiuieKT 3amHmaeT jihhhio AB npH 
pa 60 TC CeTH pa30MKHyTbítM KOJIbUOM. 

B cexax 35 kV npHMeHHiOT Te me cneijHajibHbie 

3amHTbI OT OAHO(})a3HbIX 3aMbIKaHHH Ha 3eMJIK), 

1 ito h b KaóejibHbix ceTHX HanpHHíeHHeM 3—10 kV. 
OHH npHCOeAHHHIOTCH K OTAejIbHblM CepAeHHHKaM 
TpaHccbopMaTopoB TOKa, coeAHHeHHbíM b cxeMy 
TojibMrpHHa, hjih npH otcytctbhh TaKOBbix Bpe- 
33IOTCH B HyJieBOH npOBO^ TpaHC(})OpMaTOpOB TOKa, 
coe^HHeHHbix b 3Be3Ay h Hcnojib3yeMbix ajih Apy- 
THX 3amHT. , 

npHwep BbinojiHeHHfl 3aiuHTW ajih cjiojkhoh ceTH 35 kV 
Vil, 21). Ochobhh€ ocoóeHHocTH ceTH: 
1) cerb HMeeT oahh .reHepnpyioiuHa hctouhhk; ee nHianne 
ocymecTBJíHeTCB ot noHHHcaiomeH noACTaHUHH A uepe 3 nsa 
TpaHC^opwaTopa HanpaaceHHeM 110/38,5/6,6 kV; 2) npoTH- 
meHHOCTb ceTH cocTaBJíneT 90,5 km; eMKOCTHHH tok 3 aMH- 

KaHHH Ha 3eMJIK) TipeBOCXO^HT 5 A, H AJIH erO KOMneHCaUHH 
Ha HOjíCTaHUHH A ydaHOBJíeHa KaTynixa IleTepceHa; 3) no 
ycjioBHHM pa5oTbi noTpeÓHTejiefi TpeóyeTca 3amnTa ot mhoto- 
(j)33HbIX 3aMHKaHHň nO BO3MOJKH0CTH C MHHHMajIbHblMH Bbl- 
,nep>KKaMH BpeMeHH; 4) Ha pa^najibiiHX jihhhhx ^jih noBbi- 
menHH Ha^encHocTH SHeprocHa6>KeHHH noTpeÓHTejieft npeAy- 
cMaipHBaeTCH yciaHOBKa aBTOMaTOB noBTopHoro 'BKJiioue- 
HHH (AI1B); 5) B UeJIHX nOBbHIieHHH Ha^eJKHOCTH IIHTaHHH 

uoTpe^HTejiek pacoMaipHBaercH B03Mo>KHocTb pačoTbi noA- 
CTaiHiHH A oflHOBpeneHHO Ha asyx cacieMax hihh 35 kV 
C BKJIIOHeHHblM IHHHOCOeAHHHTeJIbHblM bmk jnouaTe JieM; OTXO- 
ÁHiAne ot Hee jihhhh h nifraiomHe TpaHc4)opMaTopbi óyayr 
b 3tom cjiynae pa3AeJienbi Me>KAy cncieMaMH ihhh -h 3a<j)HK- 
CKpOBaHbí sa nocjieAHHMH, Kax to yKa 3 ano Ha (]>Hr. VII, 21. 

3amHTa ot MHoro(|)a3HHx 3 a m bi k a h h h. B ue- 
jihx 3KOHOMHH pejieimoro ‘oóopyAOBaHHa h ynpomeHHa cxeM 
3aiuHTa BbinojiHena Asyx(})a3HOH. CneuHajibHHx ójiokhpobok, 
iipenoTBpamaiomHx OTKJHoneHHe AByx MecT noBpeacAeHHa npn 
iBOHHbix 3aMhiKaHHHX Ha 3eMJiio, Hc npeAycMOTpeHO, TaK 
Kax: a) CHCTe\ia HMeeT xopomyio h3ojihuhio, cHaóaceHa Ayro- 
raCHIUHM yCTpOHCTBOM H nOSTOMy BepOHTHOCTb TaKHX no- 
BpencAeHHH neBejiHKa; 6) 3 a cneT AByx(j}a3Horo BbinojmeHHH 
3aiUHT H! B03MO>KHOTO HX ACHCTBHH C p33HbIMH BblAepíKKaMH 
BpeMeHH ne Menee ueM b 66% cjiyuaeB óyAeT OTKJiiouaTbcH 
TOjibKO oaho MecTo 3aMbiKaHHH. EcTb ociiOBaHHH nojiaraTb, 
hto b pn^e cJiynaeB nepeKpbiTae hsojihuhh b Apyroň TOHKe 
npn 3TOM noracHTCH KaTyuiKoň FleTepceHa. 

OAHHOHHaH TynHKOBan jihhhh Bí. 3amHTa 
ycTaHOBJíena TOjibKO c nktaiomeH CTOpoHbí Ha noACTaHUHH B. 
OHa BbinojmeHa MaKCHMajibHOH tokoboS c He3aBHCHMoň xa- 
paKTepiICTHKOH BblAepHvKH BpeMeHH H OTCeHKOH. Ha nOA- 
cTaHumi f paóoTaeT TOjibKO oahh TpaHc4)opMaTOp; nosTOMy 
30Ha A^HCTBFH OTCeHKH OXBaTblBaeT BCK) JIHHHIO Bf H naCTb 
3Toro TpaHCíjjopMaTopa. fljui HCKjnoneHHH cjiynaeB noAann 
na TiOBpeHíACHHbiH TpaHcc}) )pM3T0p noACTaHUHH jT nocjie ero 
OTKJIIOHeHHH noBTopHoro HanpH>KeHHH nocpeACTBOM AFIB , 
yc t a hobji e h noro na noACTaHUHH B , 3amHTa TpaHC^opMaTopa 
nojDKHa 6biTb óbicTpOAencTByioiiieH. He3aBHCHMan nacTb xa- 
paKTepHCTHKH saiuHrbi AOJi>KHa 6biTb no BpeMeHH corjiaco- 
Bana c bhacp>kkoh . BpeMeHH MaKCHMajibHoň tokobož 3amHTbi 
ipaHC(J)opMaTOpa. 

OAHHOHHaH JIHHHH BB 3amHme-Ha TaKJKe M3KCH- 
MajIbHOH TOKOBOH 3aiUHT0H C He3aBHCHIMOH XapaKTepHCTHKOlI 
BbIAep)KKH BpeMeHH H OTCeHKOH. 3aiUHTa yCTaHOBJíeHa TOJIbKO 
co ctopohh noACTaimHH B. OTCenna 6e3 bhacphckh BpeMeHH, 
Kax noKa3biBaioT pacneTbi, 3amnmaeT 3HanHTejibHyio nacTb 
JIHHHH BB. ri03pe>KA6HHH B KOHUe JIHHHH AOJIHCHbl y}Ke OT- 
KHIOHaTbCH C BblAepHíKOH BpeMeHH. fljIH COKpameHHH no- 
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cjieAHefi 3amHTa BKjnoqaeT Bjopyio orcenKy, A^^cTByiomyio 
c BHAepnvKOH BpeMeHH Ha CTyneHb ^ t 6oJibniefi orcenKH 
JIHHHH Bí H ÓblCTpOAeHCTBVIOmeS 3amHTbI TpaHC^OpMaTOpOB 
noACTaHAHH B. BpeMH cpadaTbmaHHH stoS OTceHKH cocTaBHT 
npHMepHO 0,7 1 cex. Úp TOKy TporaHHH ona AOJincHa 6biTb 

nocTpoeHa ot KOpOTKoro 3aMbiKaHHH na uiHHax HH3iuero na- 
npHHceHHH noACTaHUHH B h T. TpeTtH CTyneHb bhacp>kkh 
B peMeHH 3amHTH AOJiHCHa óbiTb corjiacoBaHa c BpeMeneM 
AeHCTBHH MaKCHMaJIbHbIX TOKOBHX 3aiUHT TpaHC(j>OpMaTOpOB 

noACTaHUHH B h c BpeMeHeM 3amHTbi jihhhh Bí. Ha jihhhh 
ycTaHOBJíeH Tannce AFIB. 

HeoÓXOAHMO OTMeTHTb, HTO 3aiUHTa JIHHHň Bí H BB 
mot ji a 6bi óbiTb ocymecTBJíeHa Tannce nocpeACTBOM pene 
THna HT-81, HMeiomHx BCTpoeHHyio OTceHKy. CxeMbi 3 amHTbi 
npH 3 tom ynpomaiOTCH, OAHaKO MonceT ycjiOKHHTbcn corjia- 
coBaHHe 3a3HCHMbix xapaKTepHCTHK pejie HT-81 c xapaKre- 
pHCTHKaMH 3aiUHT OCHOBHOTO KOJIbUa CeTH. 

JI b e napaJiJiejibHbie jihhhh AB. B KanecTBe oc- 

HOBHOH 3aiUHTH JIHHHH npeAyCMaTpHBaeTCH C OĎeHX CTOpOH 
nonepeuHan AntjjepeHUHajibHan HanpaBJíeHHan 3amHTa; otks3 
ot ycraHOBKH co ctopohh noACTaHUHH A óajiaHCHofi tokoboh 
3aiuHTbi onpeAejiHjicH tojibko HeAOCTaTOUHO coBepnieHHbíM 
KanecTBOM BbinyCKaeMbix ao cero BpeMeHH pejie BB X3M3. 

B KanecTBe pe3epBHoň 3amHTbi co CTOpoHbí noACTan- 
UHH A yCTaHOBJíeHa MaKCHMajibHan TOKOBaa 3amHTa, bkjiio- 
neHHaa Ha cyMMy tokob oóenx jihhhh. B AaJibHeHineM ynn- 
TbiBaeTCH B03M0>KHOCTb 3aMeHbi ee TpexcTyneHHaTOH ahct3h- 
UhohhoS HMneAaHCHoň 3amHToň 6e3 opraHa HanpaBJíeHHa 
MOIUHOCTH. TaKHM 06pa30M IIOBpeíKACHHH B MepTBOň 30He 
AH(})epeHUHaJIbHOH 3aiUHTbI HaACHCHO OTKJIIOnaiOTCH ' TOKOBOH 
HJIH AHCTaHUHOHHOH 3aiUHTOH, h nosTOMy h3ao6hocth b ycTa- 
HOBKe OTCeUKH HeT. 

■Co CTOpOHbl TIOACTaHUHH E AOnOJIHHTejIbHOH 3aiUHTbI He 
npeAyCMaTpHBaeTCH, TaK KaK AH^epeHUHajibHaa HanpaBJíen- 
Haa 3áiuHTa stož noACTaHUHH BbinojiHeHa TaK, hto npH pa^ 
C>OTe oahoS jihhhh He OTKJHOHaeTca, a ncnojib3yeTca KaK 
MrHOBeHHaa MaKCHMajibHaa HanpaBJíeHHaa oamHTa. 

Oahhohhhh jihhhh BJJ. 3am,HTa ycTaHaBJíHBaeTca 
c o6enx ctopoh h b nepByio onepeAt ocyiuecTBJíaeTca toko- 
boS HanpaBJíeHHoň. B AaJibHeSmeM ynHTbiBaeTCa BQ 3 M 0 }KH 0 CTb 
BbinOJIHeHHH AHCTaHUHOHHOH HMneAaHCHOH HanpaBJíeHHOH 3a- 
IUHTH C TpeMH CTyneHHMH 3bIACpXKKH BpeMeHH. BbIAep>KKK 
BpeMeHH TpeTbHx CTyneHefi BBHAy HajiHHHH b ceTH TOJIbKO 
OAHOTO HCTOHHHKa nHTaHHH MOryT 6blTb BHÓpaHbl no BCTpeHHO- 
CTyneHnaTOMy npHHUHny cejieKTHBHbíMH no OTHoineHHio k 3 a- 
mHTaM cMeacHbix ynacTKOB. OTcenKH He ycTaHOBjíeHbí, tsk 
K aK no pacneTy He nponiJiiH. 

OAHHOHHaa jihhhh RE. B nepByio onepeAb na 
jihhhh ycTaHaBJíHBaeTca TOKOBaa HanpaBJíeHHaa 'BamiiTa. 
B AajibneHineM npn ycTaHOBKe b ceTH HMneAaHCHoň 3 amHTbi 
TOKOBaa AOJi>KHa 6biTb npeAyoMOTpena h Ha paccMaTpiiBae- 
Moň JIHHHH. BBHAy MaJIOH A^HIibl JIHHHH (3,5 km) HOpiMaJlb- 
naa AHCTaHunoHHaa 3amHTa c nepBoň 3 Ghoh 6e3 bhacp>kkií 
B peMeHH He Moa<eT 6birb ocymecTBJíeHa. FIosTOMy npeuy- 
CMOTpeHa a 3yxcTyneHnaTaa HanpaBJíeHHaa AHCTaHunoHHaa 
3aiuHTa HMneAáHCHoro Tana c BpeMeHeM achctbhh nepBoň 
CTvneHH nopaAKa 1 ceK. nepsán 30Ha stoh 3amnTbi oxBa- 
TbiBaeT bcio jihhhio RE h nacTH cMe>KHbix sjíeMeHTOB. B xa- 
necTBe BonoMoraTejibHOfi 3amHThi A«na stoh jihhhh npKHaia 
npOAOJibHaa AH4>epeHUHajibHaa 3amnTa THna TpaHCJieií; ajih 
coKpaiucHHa HHCJia >khji BcnoMoraTeJibHoň jihhhh h ynpome- 
HHH KOHTpOJIH 3a HX HCnpaBHblM COCTOHHHeM OHa Bbmo.nHeHa 
OAHOcHCTeMHOíi. B KanecTse 3cnoMoraTeJibHhix npOBOAOB hc- 
nojib 3 yiOTca npoBOAa, npojioaceHHHe na -CTOjióax jihhhh 

CBH3H. 

OAHHOHHaa JIHHHH AE. Co, CTOpOHbl noACTaHUHH A 
ycTaHaBJíHBaeTca b neoByio oneoeub TOKOBaa 3amHTa. B Aa.ib- 
HeftmeiM, -icaK h Ha Apyrnx jihhhhx, bo3MQ>kho npHMeneHHe 
TpexCTyneHnaTOň AHCTaHunoHHoň HMneAaHCHoň 3amHTbi 6es 
oprana HanpaBJíeHHa moiuhocth. Co CTOpoHbí noACTaHUHH E 
npHMeHeHa MaKCHMajibHaa TOKOBaa HanpaBJíeHHaa 3aiuHTa 
6e3 BbiA€p>KKH BpeMeHH. Ohs pa^OTaeT cejieKTHBHO, TaK KaK 
B paCCMaTpHBaeMOH ceTH C nHTaHHeM TOJIbKO CO CTOPOHH 
noACTaHUHH A no jihhhh AE moiuhoctb MOHíeT 6biTb HanpaB- 
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Jiena ot nntH nogcTamuift E a jehhhio tojh>ko npa nospeK- 
semni Ha nocJieAHeň. 

Aše napa jí jiejibiiue jihhhh AJK* B KaHecrae 
OCKOBHOlií 3 amHTU JIHHHH, yCTaH 3 BJIHBaeMOft c o 6 enx CTOpOH, 
xax h ajih jihhhh AB t npHHBTa nanepeqHaa AH^epeHuaajib- 
Han HanpaBJíeHHan 3 aiUHTa. B KaqecTBe pe 3 epBHoň co cto- 
Pohu no/jCTamjHH A b nepByio oqepeAfc ycTaHaBjřHBaeTCH 
TOKOBan 3 amHTa, BKJiioqeHHaH Ha cyMMy tokob oóchx jihhhř. 

B Aa^bHeHineM np-eAycMorpeHa ycTaHOBKa HeHanpaBjíeHHoň 
ZíHCTaHUHOHHOH 3 aillHTJbI. IlOCKOJIbXy JIHHHH HM 6 I 0 T OAHOCTO- 
poHHee mrraHHe, 3 am«Ta BbínojmeHa aah ynpomeHHH oaho- 
CEfCTCMHOH. 

3 am«Ta ot OAffo<J>a 3 Hbix 3 aMUKaHHi na 
3 6 a ji k>. GneuHajibHoň 3 amHTbí ot OAHO<i>a 3 Hfaix 3 aMHKaHHň 
Ha 3eaf;iK) BHaqajie ocyiuccTBjíHTb He npeAnojiaraeTCH. Bo 3 - 
HHKHOBCHHe 3 aiMUKaHHft yCTaHaBJIHBaCTCH yCTpOHCTBaMH AJIH 
KOHTPOJIH H 30 JIHUHH. 

B AajibHeňmcM BapnaHTe HaMeqaeTca bo 3 Mojkhoctb ycTa- 
hobkh cneuHajibHoň 3anmTU. 3 ia 3amHTa AeftcrsyeT oř 

HCKyCCTBeHHO CO 3 AaBaeM 0 flTO aKTHBHOIX) TOKa 3 aMbIKaHHH Ha 
3dHJIK). fljIH yMeHbUieHHH ero BeJIHqHHH B UeJIHX CHHHCeHHH 

ajieKTpoMarHHTHoro bjihhhhh Ha jihhhh cjiaóoro Toxa h o 6 - 
jierqeHHH 3 a 3 eMJiHioiUHX ycrpoftcTB norpečHTejibCKHx noA- 
CTaHUHfi, a TaKJKC npHHHMaH BO BHHMaHHe XOpomyK) H 30 JIH- 
uhk) chctcmh, 3 amHTa BbinojiHeHa AeňcTByiomeH na c Hrna ji . 
HCKyCCTBeHHUH TOK C 03 Aa€TCH Ha nOACTaHUHH A nyTCM 
niyHTHpoBaHHH KaTymKH HeTepceHa cneuHajibHUM ycTpoftcT- 
bom npH ycTofiqHBHx HenorameHHbix 3 aMWKaHHHx Ha 3 eMJiio. 
'Hepea BpeMH, AOCTaToqHoe aah cpaóaTUBaHHH 3 aiuHT, 3 a 3 eM- 
junomee ycTpoňcTBO aBTOMaTHqecKH otk JiioqaeTCH. 

OAHHoqHHe TynHKOBbie ahhhh Bí h BB 
ripuMeHena KaK Hanóojiee npocTan tokob an 3 am«Ta HyjieBoft 
noc Jie aob aT 6 jibHOCTH y ycTaHOBJíeHHaa Ha noACTaHUHHX B h B. 

OAHHoqHHe JIHHHH EM* MB H AE. AjiH B03M0JK- 
hocth onpeAeAeHHH no cpačoTaaniHM 3amHTaM MecTa no- 
BpeXCACHHH H AJIH nOBblIUCHHH qyBCTBHTCJIbHOCTH yCTaHOB- 
jieHH c oóenx cropoH KancAoro H3 yqacTKOB 3amHThi Ma«- 
CHMaJIbHOň MOIUHOCTH HyjI€BOH nOCACA^BaTeJIbHOCTH C KOM- 
neHcauneS TOKa HeóajiaHca. 

ílapaAAejibHbie jihhhh A)K h AB. C HHTaiomHX 
CTopoH jihhhř ycTaHOBjíenbi Ha KaacAoft H 3 jihhhh b ota^jih- 
hocth 3 aiUHTU MaKCHMaJibHoft moiuhocth c KOMneHcauneft 
TOKa HeóaJiaHca. Co CTOponu nOACTaHUHH B ycTaHOBJíeHa 
T3KJK6 3 aniHTa MHKCHMaJIbHOH moiuhocth c KOMneHcauneft 
Tt«a He6ajiaHca. 

3aniHTa ihhh 35 kV n o a c t a h u h ft. B uejinx sko- 
homhh oóopyAosaHHH h MaTepHaJiOB, a TaKxce ynpoaueHHH 
3amHT nOACTaHUHH HCn0JIb30BaHH COOTBCTCTByiOIUHe 33IUH- 
TU JTHHHH. 

UIhhu niiTaiomež noACTanunn A BHana ac npeuinojiara- 
IOTCH 3aiUHmeHHbIMH 3aiUHT3MH OT CBepXTOKOB, yCTaHOBJíeH- 
HUÍIH CO CTOPOHU 35 kV nOHHHCaiOlUHX TpaHCíJjOpMaTOpOB. 
B AanbHeňmeM npCAycwaTpHBaeTCH B03M0>KH0CTb OAHOBpe- 
MCHHOH pa 60 TU AByX CHCT6M IHHH C paCTIp€ACA€HHMMH MeHC- 
Ay HHMH SJíeMeHTaMH 'H HOpMaJIbHO 3aMKHyTJbIM IHHHOCOeAH- 
HHTCJIbHbřM BbIKJIK>qaT€JI€M. IlpH 3TOM yCTaHaBJIHBaCTCH Cne- 

UHajibHaji AH^cpeHUHajibHan TOKOBan 3amHTa b bmhojihchhh 
ujih ^HKOHponaHHoro pacnpeACJieHHH sacmchtob (cm. ta. XI, 
§ 8). OHa* oóecneqHBaeT npn bo3hhkhob6hhh MHoro(J)a3Horo 
3HMUKaHH5I Ha UIHHaX OTKJIKjqeHHC TOAbKO OAHOŽ nOBpOK- 
UCHHoft cHCTeMu HiHH h a^ct BOQMOHCHOCTb jierqe corAaco- 
PaTb BUACp>KKH BpeMeHH pe3epBHHX 33IUHT ceTH 110 kV 
C BHUCpHCKHMH BpeMeHH 3aiUHT AaHHofi ceTH 35 kV. 

9. 3AIU,HTbI CETEH C HArJiyXO 3A3EMJ1EHHOH 
HyjlEBOK TOMKOfl HAnP 5 DKEHHEM 110 kV H BbllilE 

CeTH HanpnjKeHHeM 110 kV « Bbirne uoji>KHbi, 
KaK npaBHJio, HMeTb ocHOBHbie Haue>KHbie óbicipo- 
AeScTByiomHe 3amHTbi hjih, rue sto bo3mo>kho, 
3aiUHTbl C MajIblMH BblAepJKKaMH BpeMeHH. 

K ÓblCTpOAeHCTByiOmHM SaiUHTaM OTHOCHTCH 
HanpaBJíeHHbie c BbicoKOHacToraoH 6 jiokhpobkoh 
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npoAojibHbie AH<}>epeHUHajibHb!e « tokobu 6 OTceq- 
KH* K 3amHTaM C MaAHMH BWAepJKKaMH BpeMeHH— 
AHCTaHUHOHHbie h TOKOBwe c HecKOjibKHMH CTyne- 
HHMH BUAepXCKH BpeMeHH. 

OcHOBHbie CBOHCTBa HanpaBAeHHOÍl 3amHTb! c 
BMCOKOHaCTOTHOll ÓJIOKHpOBKOÍi CBOAHTCH K CJie- 

AyiomeMy: oTKjnoqaeT noBpexcAeHHe b jhoóoh toh- 
Ke AHHHH 6e3 AOnOJIHHTeAbHOÍi BHAepXÍKH BpeMe* 
HH (cOĎCTBeHHOe BpeMH A Ba — nHTb nepHOAOB), o6- 
AaAaeT bucokoí! HyBCTBHTeAbHOCTbio; noABepxceHa 
bjihhhhio KanaHHft h noaTOMy TpeóyeT cneuaaAb- 
hux ójiokhpobok, npeAOTBpamaiomHX ee Henpa* 
BHJIbHbie AeiiCTBHH; HMeeT OTHOCHTeAbHO BUCOKyiO 
CTOHMOCTb. 

CBoficTBa npOAOAbHoň AH^epeHUHajibHoS 3amH- 
Tbi cAeAyiomHe: paĎoTaeT 6e3 AonojiHHTejibHoft bh* 
AepHCKH BpeMeHH H HMeeT BHCOKyiO HyBCTBHTeAb- 
hoctb; He noABepxceHa bahhhhio KaqaHHfl; TpeóyeT 
npoKJiaAKH BcnoMoraTejibHbix npoBOAOB h cneun- 
ajibHUx ycTpoiícTB aah kohtpoah 3a ero HcnpaB- 
HocTbio; oóAaAaeT MeHbuiefl HaAexcHocTbio no 
cpaBHeHHio c nepBofi 3amHTofi, bbhay Toro qTa 
noBpexcAeHHH BbicoKonacTOTHoro KaHajia cbh3h 
M eHee Beponrabi, neM BcnoMoraTejibHoro na 6enn; 

, HMeeT BMCOKyiO CTOHMOCTb, npHMepHO nponopuHo- 
HajibHyio AflHHe ahhhh, Tax KaK ocHOBHan nacrb 
CTOHMOCTH OnpeAeAHeTCH CTOHMOCTHMH KaĎeJIH H 

ero npoKJiaAKH. 

JAHCTaHAHOHHan 3amHTa oĎJiaAaeT CAeAyiomH’ 
mh CBOHCTBaMH: paóoTaeT 6 e 3 BbiAepxcKH BpeMe¬ 
HH MaKCHMyM Ha 80 — 85 °/o» AJiHHbí 3 amHin;aeMoro 
ynacrea h c BbiAepncKOH BpeMeHH nopHAKa 0,7 — 
1,2 cex. — Ha ocTaAbHoň ero nacra; Taxne BpeMe- 
Ha š pHAe CJiyqaeB hbjihiotch HeAonycraMbiMH; 
KMeeT coĎcTBeHHoe BpeMH abhctbhh (b nepBoň 30- 
He) y peaKTaHCHbix 3 amHT, KaK npaBHJio, 3 aMeTHo 
óoAbmee, ^eM y HanpaBJíeHHbix c ójiokhpobkoh h 
npoAOJibHbix AHcJiepeHUHaAbHbix 3 amHT, h npaKTH- 
necKH MeHbmyio, qeM y hhx, nyBCTBHTejibHOCTb; 
noABepxceHa HenpaBHJibHbíM abhctbhhm npH Kana- 
hhhx, b ocoĎeHHocTH npH peaKTaHCHOM BbinojiHe- 
hhh; HMeeT 3 HaqHTeAbHo MeHbinyio HaAe^KHOCTb, 
qeM HanpaBjíeHHan 3 aui;HTa c BbicoKonacTOTHoň 
ÓJIOKHpOBKOH, 3 a CHCT ÓOJIbUieň CAOJKHOCTH CXeMbl 
H B 03 MOHCHOCTH HenpaBHJIbHbIX 3 aMepOB AHCTaHUHH 
OMMeTpaMH. ripeHMymecTBOM stoh 3 amHTbi no 
cpaBHeHHio c paHee paccMOTpeHHHMH hbahctch 
MeHbinaH ctohmocts h paóoTa b KanecTBe pe 3 epB- 
HOH npH OTKa 36 3 amHT HJIH BblKJIIOHaTeJieH CMe>K- 
Hbix sjíeMeHTOB. CBoňcTBa tokobhx OTcenex H TO- 
KOBbix 3 amHT co CTyneHHaTbiMH xapaKTepHCTHKa- 
mh paccMOTpeHbí. Bbirne. 

B COOTBeTCTBHH C npHBeABHHHMH BblUie CO- 
OÓpa^KeHHHMH OCHOBHOft 3aiUHTOH B MOlUHblX CH- 
CTeMaX C CeTHMH CJIOJKHOH KOH(J)HrypaUHH AJIH JIH- 
hhA óojibinoň AJiHHbí, KaK npaBHjio, AOJDKHa hb- 
jihtbch HanpaBjíemiaH 3am,HTa c BbicoKonacTOT- 
HOH ÓJIOKHpOBKOÍi. 

JXjik jihhhh Heóojibinofi npoTHHceHHOcra (MeHee 
10—15 km) sKOHOMHnecKH, a unorjia h TexHHnecKH 



6<wiee uejiecoo6pa3Hofl oxa3MBaeTCH npoAOAbHan 
AH(j)epeHUHajibHaH 3amHTa, KoTopyio h npHxoAHTca 
b t 3 khx cjiynanx npHMeHHTb B3aMeK HanpaBJíeH- 

HOH C BblCOKOqaCTOTHOH ÓAOKHpOBXOfi. 

AHCTaHUHOHHafl 3aiUHTa MOJKeT IipHMeHHTbCH B 
KaaecTBe ochobhoS b' MeHee oTBeTCTBeHHHX ceTHX 
h aJ ifl MeHee BaxcHMx ahhhh, b ceTHX caojkhoS 
KOH(J>HrypauHH TaM, rAe ee BbiAepjKKH BpeMeHH 
HBAHIOTCH AOnyCTHMblMH AAH CHCTCMhl. ŠaiUHTy 
cjieAyeT ocymecTBJíHTb c peaKTaHCHHMH OMMeTpa* 
MH. JI JIH JIHHHH 3HaiHTejIbHOH AJIHHbl OT 3aMbIXa- 

hhh Me*Ay $a3aMH Moryr Hcnojib30BaTbca čojiee 
npocTwe HMneAaHCHbie ommctph. 

Bo Bcex cjiyaaHx, rAe sto bo3mojkho, cjieAyex 
B 33 MeH AHCTaHKHOHHbIX IipHMeHHTb TOKOBbie 33 IUH- 
tu co CTyneHiaTbiMH xapaxTepHcTHxaMH. 

ripn npHMeHeHHH b KaqecTBe ochobhhx 3aiuHT 
HanpaBJíeHHOfi c BbicoKoqacTOTHofi - 6 aokhpobkoh 
hjih npoAOJibHoň AH(J)epeHUHajibHoft TpefíyeTCH 
ycTaHOBKa AonojiHHTejibHbix pe3epBHUx 3auiHT. 
Pe3epBHbIMH 331UHT3MH MOTyT 6bITb: 

1) AHCTaHUHOHHbie peaKTaHCHbie — ot 3aMbixa- 
HHň MexAy <])a3aMH h Ha 3eMjno; 

2) AHCTaHUHOHHbie HMneAaHCHbie — ot 3aMbixa- 
hhh MewAy éa3aMH (uejiecoo6pa3HocTb HcnoAb3o- 
B3HHH HMneAaHCHHX 3álUHT OT SaMHXaHHfi Ha 3eM- 
JHO B CBH3H C nOHBAHIOIUHMHCH npH STOM B BHAe 
33MbIKaHHH 3H34HTeAbHbIMH nepeXOAHblMH COnpO- 
THBAeHHHMH, HBAHeTCH B HaCTOHIUee BpeMH HeAO- 
CT3TOHHO HCHOií); 

3) m 3kchm aAbHbie TOKOBMe HanpaBJíeHHbie H 
HeHanpaBAeHHbie — ot Bcex bhaob noBpejKASHHÍí; 

4) 3aiUHTbI MaKCHMajIbHOH MOUIHOCTH HyAeBOH 
nOCAeAOBaTeAbHOCTH C 33BHCHMOH xapaxTepHCTH- 
KOŘ B KOMÓHHaUHH C TOKOBblMH 3aiUHT3MH Hyjie- 
BOfi nOCAeAOBaTeAbHOCTH C He33BHCHMOH XapaKTe- 
pHCTHKOň — OT 3aMbIKaHHfi Ha 3eMAK>. 

TaM, rAe sto npeACTaBAHeTca bosmojkhmm, He- 
oĎxoahmo cfpeMHTbCH npHMeHHTb b xanecTBe pe- 
3epBHbix óojiee npocTbie h HauencHbie ranbi 3a- 
iuht, TpeóyioiuHe aah ocyiuecTBJíeHHH MeHbiuero 
KOAHnecTBa pejieftHoro odopyAOBaHHH. B cbh3h c 
STHM CAeAyeT BCerAa npOBepHTb B03M0>KH0CTb 
npHMeHeHHH b xanecTBe pe3epBHbix Tex 3amHT, 
KOTopbie nepeiHCJieHbí b n. 2,3 n 4. 3to ocoóeHHo 
Aereo cueAaTb, ecAH HanpaBAeHHbie 3 amHTbi c Bbico- 
KOHaCTOTHblMH ÓJIOKHpOBKaMH CKOMÓHHHpOBaHbl B 
peJiefÍHOH naCTH C AHCTaHUHOHHblMH 3aiUHTaMH. 

B KanecTBe ucnoMoraTeAbHoft 3amHTbi b ceTax 
110 kV H Bbline UIHpOKO HCnOJIb3yiOTCH TOKOBbie 
OTCeHKH. y.CAOBHH HX npHMeHeHHH Te *e, HTO H B 
ceTHX 35 kV. 

Han AByX napajlAeJIbHbIX AHHHH OCHOBHblM TH- 
noM 3 amHTbi HBAaeTCH nonepenHaa AHipepeHUH- 
ajibHan 3amHTa (tokob3h daAaHCHan hah AHcjiepeH- 
unajibHaH HanpaBAeHHan). B xanecTBe pe 3 epBa k 
Heft MoryT dbrrb noHMeHeHbí neperacAeHHbie Bbíme 
33 pHaHTbI pe 3 epBHbIX 3 aiU,HT. OHH MOTyT 6 bITb 
BKAioHeHbí Ha cyMMy tokob odeax ahhhh. 


OABaxo b HeKOTopux cAynaHX, HanpHMep, Hpw 
KacKaAHOM achctbhh nonepenHoft AH^epeHUHaab- 

HOfl 3aiUHTbI HAH npH paÓOTe TOAbKO OAHOH AHHHH, 
OKa3biBaiomeHCH 3aiuHiueHHoň TOAbKO pe3epBHbiMKs 

3auiHTaMH, BpeMeHa otkak>h 6 hhh noBpelxAeHHS no- 
AynaiOTCH aah chctcmm HeAonycTHMo bmcokhmh. 

TorAa B HCKAiOHHTeAbHbix cAynanx npnxoAHTCE 
npHMeHHTb b xaiecTBe ochobhhx dbicTpoAeftcTByio- 
mne 3amHTu Ha xajxAon H3 ahhhh b oxAeAbHo- 
CTH (HanpaBAeHHyiO C BbtCOKOHaCTOTHOH ÓAOKHpOB- 
KOň hah npoAOAbHyio AH^epeHUHaAbHyio). Oncas 
npH stom b ueAHx ynpomeHHH ot nonepeHHux ah- 
4>epeHUHaAbHHX 3amHT npn ycraHOBxe npoAOAb- 
HHX A«4)epeHUHaAbHbIX HBHACH 6bl B HeKOTOpbIX 
CAyqanx HeAOCTaTorao odocHOBaHHbíM, Tax Kax 
ahhhh, AHineHHHe BecbMa HaAe>KHOH nonepeAHok 
3aiU,HTbI, MoryT OKa3aTbCH IIAOXO 3aiUHIUeHHHMH 
npH AAHTeAbHOM bhxoas H3 padoTbi, HanpHMep, 
npn nopne xadeAH, 3HanHTeAbHO MeHee HaAexcHOH 
npOAOAbHOH AH^epeHUHaAbHOH 3auIHTbI. 

Bblíne 6 hah paccMOTpeHhi odiune cjiynan ocy- 
mecTBAeHHH saiu«T b ceTHX HanpHJKeHHeM 110 kV 
H BblUie. HeOĎXOAHMO HMeTb B BHAy. HTO B H3 CT- 
hhx cAynaax npeACTaBAHeTca bo 3 mo%hhm npHMe¬ 
HHTb óoAee npocTHe cxeMbi 3aiuHT.. HexoTopue m 
B03M0ACHHX BapH3HToá 6bIAH paCCMOTpeHbl BbHIie 

aah ceTefl 35 ikV. 

10. CnEUHAJlbHblE METOAbl PE3EPBHPOBAHH5I 

BhrnojiHenHe no ocbobhum paccMOTpembiM Burne npaH - 
UHnaM 3antHT, nanexHo pe3epBnpyiomHx OTKmoqeHHn no- 
BpeacAeHHA na CMeacnux sjíeMeiiTax CHCTeMbi, flBJíaeTcr 
HHoraa 3ananeS BecbMa TpynHoft hah naxe Hepa3pemH«ofl. 
ri03T0My B HeKOTOpbIX CJiynaHX, HanpHMep, B KOíbUOBaHHHX 
ceTax BHCOKoro HanpaxceHHH, HMeíomHX MHorociopoHHee n« 
Taime m KopoTKne ynacTKH ahhhh, BCTaeT Bonpoc o npHMe- 
iieHHH cnenHaJibHbtx cnocofíoB pe3epBHpoBaRHH. 

B HacToain.ee BpeMH pa3pa6oraH pan tskiix cnocoOoe 
[JI. 4 b 5]. OixnaKO mnpoKoro pacnpocTpaHenHa ohh ae no- 
jiyiHAH h noaTOMy 3 necb He paccMaTpaBaiOTca. 

II. PA3MEIUEHHE 3AIUHT HO TPAHCOOPMATOPAM 
TOKÁ H 3AIUHTW HA UIHHOCOEAHHHTEAbHblX 
BblKJIIOHATEAAX 

Pa3MemeHHe 3amHT no TpaHC(|)opMaTOpaM toks 
>KeAaTeAbHo npoH3BOAHTb c yqeTOM CAeAyiomHx 
coodpajxeHHft: 

1. OCHOBHaH H pe3epBHaH 3aiHHTbI AOAJKHbl no 
B03M0WH0CTH npHCOCAHHHTbCH K OTACAbHblM OÓ- 
MOTxaM TpaHCiJjopMaTopoB Toxa. 3 thm HCKAioqaeT- 
CH BO3MOJKHOCTb nepeKAIOHeHHH B UenHX TOKa on- 

Horo raná npn npoBepxe APyror,p. 

2. H 3 MepHTeAbHbie npHdopbi sceAaTeAbHo npH- 
COeAHHHTb TaKHíe X OTACAbHblM OČMOTK 3 M Tp 3 HC- 
4 )opMaTopoB Toxa. 3thm npeAOTBpamaeTCH bo3- 
MoxíHOCTb HenpaBHAbHbix nepexAioqeHHH b uenHx 
3 amHTbi nepcoHaAOM, odcAywHBaiomHM H 3 Mepn- 
TeAbHbie npHÓopbi. HeodxoAHMo TaKJKe yqHTbiBaTb. 
hto H 3 MepHTeAbHbie npndopbi hmciot MeHbuiyio 
yCTOftHHBOCTb npOTHB KOpOTKOrO 33 MbIK 3 HHH, M 6 M 

peAe. B CAyqae hcbosmowhocth BbiACAeHHH aas 
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H 3 MepHTejIbHHX IIpfi 6 opOB OTflejIbHbIX OĎMOTOK 
'rpaHc^opMaTopoB TOKa b HeKOTOpbix cjiynanx hx 
íihuiot qepe 3 cneiuajibHbie npoMejKyTonHbie 
TpaHC(|)opMaTopbi TOKa c n m — 5 /s, ycTaHaBJíHBae- 
Mue Ha pejieňHbix imrrax h t 3 khm oópa 30 M Haxo- 
flfliHHecH BHe oĎJiacTH AeficTBHH nepcoHajia, 06 - 
č.iy>KHBaiomero npHčopbi. B nocjieAnee BpeMH b 
IiejIHX 3 K 0 H 0 MHH TpaHCtjlOpMaTOpOB TOKa H KOHT- 
pojibHoro KaóejiH ciHraioT TaKsce AonycraMbiM 
BKJiioiaTb H 3 MepHTejibHbie npHňopbi (b nepByro 
onepeab aMnepMeTpbi) HenocpeACTBeHHo b toko- 
Bbie pěna 3 amHT. 

3 . )KejiaTejibHO‘ Tanoe pa3MemeHHe, npn koto- 

poM BbiKJiFoaaTejib 3aui,HmaeMOH jihhhh bxoahji 6 h 

B 30Hy iteflCTBHH OAHOH H3 HHX (HíejiaTeJIbHO TOÍI, 
KOTopaa HMeeT MeHbiuee BpeMH ÁeňcTBHn). 

3amHTa, ycTaHaBJíHBaeMan Ha uiHHOcoeAHHH- 
■rejibHbix BbiKjironaTejiHx noACTamiuft, cKOMMyrapo- 
BaHHux no eBponeflcKOMy THny (oahh BHKJiioqa- 
Tejib Ha KaacAbift ajieMeHT, npHcoeAHHHeMbiň k 
Ábohhoíí cHCTeMe uihh nepe 3 pa 3 BHjiKy H 3 AByx 
pa3beflHHHTejiefi), HMeeT cjieAyiomHe ocHOBHbie 
pa3HaqeHHH: 

1) 3aMeHHTb 3am,HTy JIHHHĎ HJIH TpaHC(})OpMaTO- 
poB npn npoBepKe nocjieAHeS; sto •ppeóyeTCH b 
T ex cjiynanx, kotců Ha sthx sjíeMeHTax He ycTa- 
HOBJíeHO COOTBeTCTByiOmeH pe3epBHOH 3aiUHTbi; 

2 ) 3 aMeHHTb 3 amHTy jihhhh, npHcoeAHHeHHyio 
K BCTpOeHHblM TpaHClflOpMaTOUM TOKa, npn 3 a- 
neTJieBaHHH BbiKjnonaTeJieS BbicoKOBOJibTHbix rioA- 
craHiufi, HanpHMep, ajih peBH 3 HH; b stojm cjiynae 
OAHOBpeMeHHO C BblKJIIOHaTeJIHMH BblBOflHTCH H 3 
paĎOTbl H BCTpoeHHbie B HHX TpaHC<J)OpMaTOpbI TO¬ 
Ka; HeoóxoAHMO OTMeTHTb, hto b paccMaTpHBae- 
mom cjiyqae B 03 MO%eH Taxwe nepeBOA (BKjnone- 
SIHe) 3 aiUHTbI JIHHHH Ha TpaHC<Í>OpMaTOpbI TOKa 


íUHHOcoeAHHHTejibHoro BbiKjiíoaarejiH 6e3 ncnojib- 
30B3HHH cneuHajibHoň 3am,HTbi Ha nocjieAHeM; 

3) ocymecTBjíHTb 3amHTy BhipepenHofl BTopoii 
cHCTeMbi uihh, HanpHMep, npn pa6oTe nepe3 Hee 
sjíeMeHTa c 3 aneTJieBaHHbiM BbiKjHonaTejieM. 

B CHCTeMax HanpHíKeHHeM 3—10 kV, HMeiomHX 

npOCTUe THnbI 3aiHHT, Ha IHHHOCOeAHHHTejIbHblX 
BbiKJHonaTejiHX, KaK npaBHJio, ycTaHaBJíHBaeTCH 
MaKCHMajibHaa tokob3h áaniHTa c BbiAep>KKOH Bpe- 
MeHH h iiiHpoKHMH npeAeJiaMH peryjinpoBKH yera- 
bok h hhotcu TOKOBan OTcenKa. Ohh b ěojib- 

uiHHCTBe cjiyiaeB yAOBjíeTBopnioT npepa hb ji ne m bi m 
K yKa 3 aHHbIM 33 IHHT 3 M TpeÓOBaHHHM. 

B CHCTeMax BbicoKoro Hanpn>KeHHH, HMeiomHX 
CJIOJKHbie, HaCTO He OAHHaKOBbie Ha OTAejIbHbIX JIH- 
HHHX 3aiH,HTbI, BOnpOC Bblóopa 33IHHTH A JIH UIHHO- 
COeAHHHTejIbHOTO BblKJIKyiaTeJIH HBJIHeTCH 3H3HH- 
TejIbHO ĎOJiee^CJIOJKHblM. 

HeOÓXOAHMO, 0AH3K0, npHHHTb BO BHHM3HHe, 
hto b t3khx ceTHx: a) b pHfle cjiynaeB hmciotch 
pe3enBHbie 3amHTH, 6) peryjinpoBKa h npoBepKa 
CJIOJKHblX 33IHHT COeAHHHTejIbHOrO BblKJIIOqaTejIH 
3aHHMaiOT qacTo BecbMa 3HawrejibHO.e BpeMH; 
b) npoBepKa 3amHT jihhhh npn cooTBeTCTByiomeH 
nocTaHOBKe 3 KcnjioaTan.HH h npnweHeHHH pa3H0ro 
poAa npHcnocoĎAeHHH, ycKopniomHX 3Ty onepaiyno, 
HanpHMep, TeCTĎJIOKOB, 3aHHMaeT OTHOCHTejIbHO 
Heóojibiuoe BpeMH, r) nocTOHHHan ycTaHOBKa Ha 
niHHOcoeAHHHTejibHbix BbiKAiOHaTejiflx Bcex noA- 

CT3HUHH CHCTeMbi CJIOJKHblX H UeHHbIX 3aiHHT, 
Hcnojib3yeMbix BecbMa HenojiHoueHHO, nacTO sko- 
HOMHnecKH Heuejieco’o6pa3Ha. riosTOMy b paccMa- 
TpHBaeMOM cjiynae npHMeHHioT ajih uiHHOcoeAHHH- 
TejibHbix BbiKjHoqaTejiefl T3K>Ke ynpomeHHbie ranu 
3amHT. 06bIHHO Ha HHX yCTaH3BJIHBaiOTCH M3KCH- 
MajibHbie TOKOBbie HanpaBjíeHHbie hjih HeHa- 
npaBjíeHHbie 3amHTbi h TOKOBbie oTcenKH. 


FJIABA BOCbMAH 

3AIUHTA TEHEPATOPOB 


I: HA3HAMEHHE 3AiUHTbl 

CHHXpoHHbie reHepaTopbi hbjihiotch HanSojiee 
OTBeTCTBeHHblM H UeHHblM oSopyAOBaHHeM COBpe- 
MeHHblX SJíeKTpHHeCKHX CHCTeM. 

IloBpejKAeHHe b reHepaTope aojukho óbiTb 06 - 
napynceHO b cbmom Hanajie ero B 03 HHKH 0 BeHHH h 
orpaHHneHo hjih npeKpameHO c MaKCHMaJibHoň 
óbicTpOToň. IloaTOMy BecbMa Ba>KHo npaBHAbi-io 
BbiópaTb pejieňHyio 3 am,HTy ajih reHepaTopa. 

3ain,HTa AOJUKHa oTKjnonaTb reHepaTop TOjibKO 
npH Tex noBpe»CAeHHHX h HeHopMaJibHbix p.e)KH- 
Max paóoTbi, KOTopbie npeACTaBjínioT ajih reHepa- 
Topa AeflcTBHTejibHyio onacHocTb. ripn stom 3a- 
uiHTa AOJOKHa ÓHCTpo OTKAioqaTb reHepaTop ot 
CHCTeMbi, He Hapyman 6ecnepe6oHHofl paóoTw 
OCTaAbHOH, HenOBpeJKAeHHOH HaCTH CHCTeMbi. 
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npn oTKJHOneHHH reHepaTopa ero CBH3b c ch- 
CTeMofl npepbiBaeTCH, ho sto He JiHKBHAnpyeT 
B03HHKiuee b reHepaTope noBpewAeHHe. Bbióer 
reHepaTopa npn OTcyTCTBHH cneuHajibHoro topmo- 
KeHHH npoAOjiscaeTCH ao 20 h 6ojiee MHHyr. Mar- 
HHTHoe none poTopa h 3. a. c. b o6motkc craTopa 
Morjrr b TeneHHe AJiHTejibHoro BpeMeHH HMeTb ao- 
CTaTOHHbie BeAHHHHbl A-JIH nOAASpJKaHHH BOJIbTOBOH 
Ayra h ee pa3pyuiaromero aghctbhh b MecTe no- 
Bpe>KAeHHH. 

CAeAOBaTejibHO, atoOh npeKpaTHTb pa3BHTHe 
noBpextAeHHH, Heo6xoAHMo KpoMe OTKJiioqeHHH 
reHepaTopa OAHOBpeMeHHO BBecra b AeScTBHe 
cneuHaAbHoe ycTpoficTBo ajih rameHHH nojin, 6 h- 
CTpo CHHHUiomee 3. a- c. reHepaTopa. 3to *e 
yCTpOÍÍCTBO yCTpaHHeT B03M0>KH0CTb nOBHUieHHH 
HanpHsceHHH Ha 3aJKHMax reHepaTopa npn ero ot- 



KJIfOqeHHH, BbI3B9HHOU nOBpejKAeHBCM BO BHCBI- 
Heií cem 

Ilpn BHyTpeHHHX noBpejKAeHHax b reHepaTope 
bo H3fie>KaHHe noxapa bboahtch b HeKOTopux 
cjiyaaax b AeficTBHe cneuHajibHoe npoTHBonojKap- 
Hoe ycTpoficTBo. 

Pa3BHTue noxcapa b 3Ha>iHTejibHOH Mepe 3aBH- 
cht ot KojiHnecTBa CBe>Kero B03Ayxa, noATCKaio- 
mero k MecTy noBpejKAeHHa. B coBpcMeHHHX re- 
HepaTopax o6hhho npHMeHaeTca 3aMKHyTaa ch- 
CTeMa BeHTHJIHUHH. B HOpM3JIbHbIX yCJIOBHHX 3 KC- 
njioaTauHH bo H36ejKaHHe npHcoca b MauiHHy qe- 
pe3 HenjiOTHOcTH 3arpH3HeHHoro B03Ayxa b bo 3- 
AyuiHOM KaHaJie ycTpaHBaioT cneuHajibHoe okho c 
i})HjibTpoM ajih CBo6oflHoro Aocryna B03Ayxa. 
B MOMeHT B03HHKH0BeHHH noxiapa b reHepaTope 
sto okho HeoóxoAHMo 3aKpbisaTb cneiwajibHoft 3a- 
cjióhkoh, npexpaman sthm iiphtok KHCJiopoAa, He- 
očxoAHMoro ajih noAUepjKaHHH ropeHHH. ABTOMa- 
THHeCKOe 3aKpbITHe 33CJIOHKH npOH3BOAHTCH OT 
AeňcTBHH 3amHT > pearapyromHx Ha BHyTpcHHHe 
noBpeaiAeHHH reHepaTopa, hjih ot pyKH. 

TaKHM oópa30M npn noBpejKAeHHH reHepaTopa 
hjih npn HeHopMajibHOM h onacHOM ajih renepaTO- 
pa pexíHMe pafíoTbi 3aipHTa AOJKKHá: 

1) OTKJHOHHTb reiiepaTOp OT CHCTeMbi; . 

2) npHBecTH b AeňcTBHe ycTpoňcTBO a ji a ra- 
iueHHH hojih; . 

3) npHBecTH B AGHCTBHe aBTOMaTHHeCKOe npo-' 
THBOnowapHoe ycTpoňcTBO, ecjiH oho HMeeTca, h 
npexparaTb BnycK AOÓaBoqrioro B03ayxa (npn 
BHyTpeHHHX noBpex<AGHHHx). 

B 33BHCHMOCTH OT Cn 0 C 06 a 3a3eMJieHHH Hy- 
jieBofl tohkh reHepaTopa b oxneJibHbix cjiyqaax ot- 
KJiioqaeTca BMecTe c rjiaBHbíM BbiKJiioqaTejieM eme 
h BbiKjiioHaTejib b uenn 333 eMjieHHa. 

2. BHflbl nOBPEJKUEHHH H HEHOPMAJlbHbIX 
PE)KHMOB PAEOTbl TEHEPATOPOB 

řípa paóoTe reHepaTopa MoryT npoH3o0Ti| 
ajieKTpHaecKHe h MexaHHaecKHe noBpeJKAeHHH. 

OcHOBHoň' H3 npHHHH, cnocoócTByiomeií bo 3- 
HHKHOBeHHIO SJíeKTpHHeCKHX noBpejKAeHHň, HBJIH- 
eica pa3pyuieHHe h3ojihhhh. Pa3JiHHHue bham 
sjíeKTpnqecKHX noBpejKAeHHft h HeHopMajibHbie 
pexiHMbi pafíoTbi reHepaTopoB mojkho KJiaccH<})H- 
unpoBarb cjiejiyiOLHHM o6pa30M: - 

I. riOBpejKAeHHH OĎMOTKH C T 3 T O- 
p a: 1) Tpex<})a3Hbie 3aMbiKaHHa; 2) AByxij)a3Hbie 
3aMbiKaHHa; 3) OAHO(j)a3Hbie 3aMbiKaHHa: a ) 3aMbi- 
KaHHH OAHořr <f>a3bi Ha 3eMjno (Ha Kopnyc rtc^pa- 
TOpa), 6 ) 33MbIK3HHa Me>KAy BHTK3MH OAHO0 4 )a_ 
3bi; 4) oópbiB uenn. 

II. IloBpeauieHHa uena B036y*fle- 

H H a: 1) 33MbIKaiIHH Ha 3eMJIIO B OAHOH TOHKe; 

2) 3aMbiKaHHa Ha 3eMjno b AByx TOHKax; 3) 3aMbi- 
K3HHH Me*Ay BHTK3MH; 4) 33MbIKaHHH MeXCAy 09 - 
jiiocaMH; 5) pa3pbiB uenn. 

III. IIoBpeMjeHHfl AeMn^epHeš @6- 

MOTKH (npH ee HajIHqHH). 

17 Peiiefmas saiama 9 


IV. rioxtap jk e ji e 3 a. 

V. HeHopMajibHHe pexnubi p a 6 o- 
r w. HeHopMajibHbie pe*HMbi pa6ora b momcht 
CBOerO B03HHKH0BeHHH He HBJIHÍOTCfl npHMOH yrpo- 
3ofl a jih reHepaTopa b cMbicjie pa3pymaiomero hx 
ACHCTBHH. OAHaKO HeHOpMaJIbHbie pe>KHMbI MoryT 
CnOCOĎCTBOpaTb B03HHKH0BeHHK» nOBpeZKAeHHH. 
K HHCAy ochobhhx HeHopMajibHbix pokhmob pa- 
6oTbi reHepaTopoB othochtch: 

1) noHBJíeHHe CBepxTOKOB; 

2) HeAonycTHMoe noBbiuieHHe Hanpa*eHHH; 

3) HeAonycTHMaa HecHMMeTpHHHaa Harpy3xa; 

4) aCHHXpOHHbIH XOA- 

3. BHAbl 3AIU.HT 

Mto6h oĎecneqHTb HaAexcHyio 3amHTy reHepa- 
TOpOB OT nOBpejKAeHHŽ H HeHOpMajIbHbIX pexcH- 
MOB paĎOTbl, npHMeHHIOTCH CJieAyKHAHe OCHOBHbie 
THnbI 3aiAHT H CneUHaAbHbIX AOnOJIHHTejIbHbIX 
yCTpOHCTB: 

1) MaKCHMajibHáa TOKOBaa 3amHTa hjih 3amH- 
Ta MHHHMaAbHOrO HanpHJKeHHH C TOKOBO0 ÓJIOKH- 
pOBKOH KaK 3aiAHTa OT CBepxTOKOB HJIH BHyTpeH¬ 
HHX MHoro<})a3Hbix 3aMbiKaHiiň; 

2) AHtjjepeHUHajibHaa npoAOJibHaa TOKOBaa 3a- 
iHHTa Kax 3am,HTa ot BHyTpeHHHX MHorotj)a3Hbix 
noBpexíAeHHfl h b HeKOTopwx aacTHbix cjiyaaax 
3aiIl,HTa OT 0AH04>a3HbIX 33MbIK3HHH Ha 3CMJII0; 

3) 3amHTa M 3KCHM aJIbHOH MOIAHOCTH HyjieBOH 
nocjieAOBaTejibHoc™ c KOMneHcauneŘ TOKa He- 
ÓajiaHCa KaK 3am,HTa OT 0AH04>a3HbIX 33MbIK3HHH 
Ha 3eMJiio '(Kopnyc); 

4) AH(|)epeHuHajibHaa nonepenHaa TOKOBaa 3a- 
IU,HTa KaK 3aiAHTa OT 33MbIK3HH0 MOKAy BHTK3MH 
oahoh <f>a3bi (ajih reHepaTopoB c napajuiejibHbíMH 
BeTBHMH OÓMOTKH CTaTOpa); 

5) 3aiu,HTa ot noBbímeHHň HanpaweHHa (ajih 
riiAporeHepaTopoB); 

6) ycTpoňcTBO ajih rauieHHa nojia; 

7) cneunajibHbie 3amHTbi poTopa ot 3aMbiKa- 
HHH Ha 3eMJIK) B oahoh H AByx TOHKax; 

8) npoTHBonojKapHoe ycTpoňcTBO. 

KaKHe H3 nepeaHCJieHHHX 3amHT h b KaKOM 
coaeTaHHH aojijkiim ycTaHaBjíHBaTbca b KOHKpeT- 
hhx cjiyaaax Ha pa3JiHHHbix reHepaTopax, pac- 
CMOTpeHo b cjieAytomnx naparpaijiax. 

4. nPHHHHbl B03HHKH0BEHHH CBEPXTOKOB 

nOA CBepXT0K3MH npHHHTO n0HHM3Tb TOKH 
BblUie HOMHHajIbHUX, KOTOpbie B03HHK3I0T B 06 - 
MOTKax reHepaTopa npn oTcyrcTBHH b hhx noBpe- 
*AeHHa. 

OcHOBHblMH npHHHHaMHj BbI3HB3I0IAHMH riOHB- 
jieHHe CBepxTOKOB b oĎMOTKax reHepaTopa, hbjih- 
iotch: 

1) neperpy3Ka reHepaTopa; 2) 3aMb»caHHe bo 
BH euiHeĚ u,enu. 
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JJjIHTejIbHbie CBepXTOKH MOryT BbI3BaTb Ha- 
rpeBaHne H3ojihuhh oďmotok CBbirne npeAejibHo 
flonycTHMoň TeMnepaTypbi. H30jihuhh oďmotok 
daTopa cnocoÓHa cjiyxtHTb MHoro JieT npH TeMne- 
paiype He CBbirne npHMepHo 105 — 125° C b 3aBH- 

CHMOCTH OT COpTa H30JIHUHH. Ta TKe H30JIHUHH npH 
TeMnepaType 140 — 150° C pa3pymaeTCH b He- 

CKOJIbKO CyTOK. 

nosTOMy cnocoÓHOCTb reHepaiopa BbiAep^KH- 
BaTb Ty hjih HHyio neperpy3Ky onpeAeAneTCH TeM- 
nepaTypoň HarpeBaHHH oómotok. 

npn neperpy3Ke tokom HeT HeoóxoAHMOCTH b 
óbidpOM aBTOMaTimecKOM OTKjiioqeHHH reHepaiopa. 

3aiuHTy ot neperpy30K cjie^yeT ycTaHaBjra- 
BaTb ^eĚCTByiomeH Ha cnrHaji hjih Ha OTKJiiOHeHHe 
TcjibKo nacTH MeHee OTBeTCTBeHHbix noTpeÓHTejiefl. 

npH 3T0M MaKCHMaJIbHO AOnyCTHMOe BpeMH 
neperpy3KH b aBapHHHbix ycjiOBHHX mojkct óbiTb 
onpe^ejineMO, hcxoah H3 pa3pemaeMoro npH stom 
^ onojiHHTejibHoro neperpeBa oómotok. 

CBepXTOKH, OÓyCJIOBJíeHHbie yCTaHOBHBHIHMCH 
CHMMeTpHHHblM BHeiHHHM 3aMbIKaHKeM, B TenjIO- 
bom OTHomeHHH B03AeficTByi0T Ha reHeparap, TaK 
x<e KaK h tokh cHMMeTpHHHOH neperpy3KH. 

3HaHHTeJibHyio onacHocTb b cMbicjie TenjioBoro 
seňcTBHH npeACTaBJíneT ajih reHepaTopa h Buem- 
nee AByxc})a3Hoe 3aMbiKaHHe. B stom cjiynae nojie 
peaKUHH HKOp^i ot cjiaraioiuen tokob oTpnuaTejib- 
hoh nocjieAOBaTejibiiocTH npn . cooTBeTCTByioiueM 
BpeMeHH npOTeKaHHH Moráex Bbi3Baxb HeAonycTH- 
Mbiň neperpeB pOTopa HHAyKTHpyeMbiMH b HeM 
TOK3MH*. 

B uejinx 3amHTbi reHepaTopa ox BHeniiiHX 3 a- 
MbiKaHHH AOJi>KHa ycTaHaBjíHBaTbCH cneunajibHaH 
3amHfa, AeficTByioiii,aH Ha OTKJnoqeHHe. 

K TOCjiy npnqHH, Bbi3biBaiomHx qpe3MepHoe Ha- 
rpeBaHHe reHepaTopa, HeoóxoAHMo oTHecTH eme 
oahh H3 bhaob noBpe>KAeHHH — oópbiB uenn 4)a- 
3bi CTaTopa. 

npn oópbiBe uenn oahoíí H3 (J)a3 Tpexci)a3Horo 
reHepaTopa nocjieAHHH nepexoAHT Ha pe>KHM pa- 
6otbi, aHajiorHHHbiS OAHO(})a3HOH Harpy3Ke, npHco- 
eAHHeHHoň Ha HanpnjKeHHe Me>KAy 3 aopobmmh 
(J)a3aMH. Tok b noBpe>KAeHHOH cf)a3e, HanpHMep A, 
OTcyTCTByeT. rio aB yM HarpyxceHHbíM (J)a 3 aM npo- 
TeKaioT paBHbie h oóparao HanpaBjíeHHbie tokh 



KaK H npH BHeiHHeM AByX(f)a3HOM 3aMbIKaHHH, 
T3KHe TOKH C03Aai0T CHHXpOHHO-BpaUI.aiOUI.HHCH nO- 
TOK peaKUHH HKOpH (OT CHCTeMbl TOKOB nOJIO>KH- 
TejIbHOH nOCJieAOBaTejIbHOCTH) H OĎpaTHbIH nOTOK, 
BpamaiOlUHHCH C ABOHHOH CHHXpOHHOH CKOpOCTbK) 
OTHOCHTejIbHO pOTOpa (ot CHCTeMbl TOKOB OTpHUa- 
TejIbHOH nOCJieAOBaTeJIbHOCTH). Bo3MO>KHOCTb 06 - 
pbiBa uenn (})a3 CTaTopa b coBpeMeHHbix reHepa- 
xopax Majio BepoHraa. CneunajibHbix 3 amHT ot 
3Toro BHAa noBpejKAeHHH nosTOMy He npeuycMaT- 
pHBaiOT. 
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5. MAKCHMAJIbHAfl TOKOBA5I 3AIUHTA 
Ha 4>nr. VIII, 1 npeACTaBjíeHa cxeMa 3amHTbi, 

BbUIOJIHeHHaH TpeMH MrHOBeHHblMH MaKCHMajIbHbl- 
mh TOKOBbíMH pejie 1 , pejie BpeMeHH 2 h npoMe- 
>KyTOHHbiM pejie 3 . 

npH 3aMbiKaHHH KOHTaKTOB pejie 3 noAaeTcn 
HMnyjibc Ha OTKJnoqeHHe BbiKjnoqaTejiH (b pe3yjib- 
TaTe nero reHepaTop OTKjnoqaeTCH ot uihh) h Ha 
bboa b AencT^He aBTOMaTa rameHHH nojia (Afll). 



Oht. V11I,1. CxeMa MaKCHMaJibHOH tokoboíí 3amHTL>i reHe- 

paTOpa. 


ero CTaTopHoň oómotkh ( 4 )hi\ x VIII, 1) hjih Me>KAy 
o 6 motk 3 mh reHepaTopa h HiHHaMH (cjmr. VIII, 2). 
3amHTa, BbinojiHeHHaa no <})Hr. VIII, 2, He fleficT- 
ByeT npn BHyrpeHHHX MeJK,a,y(})a3Hbix noBpe>KAe- 
hhhx, ecjiH reHepaiop paóoTaeT na niHHbí ohhh. 
CxeMa 3amHTbi (|)Hr. VIII, 1 aToro HeaocTaTKa He 
HMeeT. ÍIosTOMy Tpac(J)opMaTopbi Tona ycia- 
HaBJIHBaiOTCH, KaK npaBHJIO, B COOIBeTCrBHH 

C <J>HT. VIII, I ». 

OcHOBHblMH napaMeTpaMH M3KCHMajlbHOft TO- 
KOBOň 3am,HTbI HB^IHIOTCH TOK TpOraHHH ip.m H 
BbiflepacKa BpeMeHH t. 

XI^h MaKCHMajibHoň tokoboíí 3amHTbi reHepa- 
Topa i p . m AOJDKeH čbiTb óojibuie ero HOMHHajib- 
Horo Tona i HOM , OTHeceHHoro ko btophhhoh o 6- 
MOTKe TpaHC<j)opMaTopa Tona, t. e. 

lp.m^>Í H0M . (VIII, 1) 


1 no (j>nr. VIII, 2 TpaHciJjopMaTOipbi tok 3 y€TaHaBJiHBaioT- 
ch tojilko noií 3amHTe renepaTOpa tokobhmh OTce^KaMH. 
aeňcTByiomHMH ot TOKa, HanpaBJíeHHoro H3 CHCTeMbl. 



06hhho npHHHMaioT (cm. tji. II, § 2) 

ip - m=s (vin,2) 

B COOT BeTCTBHH c (VIII, 2) 

ip.m^ (1,3 -5- \A)t H0M . (VIII,3) 

Bbiaep>KKa BpeMeHH 3aniHTbi reHepaTopa aoa- 
HiHa 6biTb 6oabuie MaKCHMaabHofl BbiaepjKKH 
BpeMeHH 3amHT apyrnx saeMeHTOB CHCTeMbi, ot- 
xoahiahx ot reHepaTopHbix dihh. Ecah MaKCH- 
MaabHaa BbiaepacKa BpeMeHH b CHCTeMe t am 
TO MHHHMaabHaH Bbl- 9 * 


mneca HMnyabCbi TOKa h HeceaeKTHBHO noaefi- 
CTBOBaTb. 3tH HeAOCTaTKH MaKCHMajIbHOft TOKO- 
BOfl 3aiUHTbI C 33BHCHMOH XapaKTepHCTHKOfl, a 
TaKxce h to, hto CMeacHbie aaeMeHTH chctcmh, 
no KOTopbiM aoahcho npOBOAHTbca coraacoBaHHe 
BbiaepaceK BpeMeHH (HanpHMep, noBbnnaiomHe 
TpaHC^opMaTopw), HMeioT o6hhho 3amHTy c He- 
33BHCHMoň XapaKTepHCTHKOfl, cnocoňcTByioT IHH- 
poKOMy npHMeHeHHio aaa reHepaTopoB 3amHTbi 
C He33BHCHMOfl XapaKTepHCTHKOfl. 

MaKCHMaabHaa TOKOBaa 3am,HTa npn Bbinoa- 
HeHHH ee coraacHo 4mr. VIII,1 noayaaeTca Becb- 


aepacKa 3amHTbi re¬ 
HepaTopa onpeae- 
aaeTca Kaií 


tz min — tp max -)- 

+(l-^2)Ař. (VIII,4) 


JlBoflHaa CTyneHb 
BbiaepacKH BpeMeHH 
BHÓHpaeTCH B HeKO- 
Topbix caynaax aah 
Haae>KHOCTH, yHHTbi- 
Baa, hto ona He yBe- 
jiHHHBaeT Bbiaep>KeK 
BpeMeHH apyrnx 3 a- 
IUHT CHCTeMbi, h AaH- 
Haa 3amHTa He sib- 
JiaeTca oóhhho aah 
reHepaTopa ochob- 
hoA. MaiccHMa^bHaa 


TOKosaa 3amiiTa HMe- 



<Pnr. VIII,2. IfepeKO- 
MeHiiye\ibiH napnaHT 
vcTaHOBKH TpaHcqsop- 
M3TOpOB TOK8 AJJH Ma- 
KCHMaJIbHOH TOXOBOH 
3aw;nTbi reneparopa. 



eT 3HaHHTe^IbHbie BblAepjKKH BpeMeHH, KGTOpbie 
B 33BHCHMOCTH OT KOH<j)HI'ypaHHH CHCTeMbi MOTyT 
AOCTHraTb 4 — 10 cen. SamHTá- npn stom pearn- 
pyeT TOAbKO Ha ycTaHOBHBuiHeca tokh noBpeac- 
aghhA. 3to b 3HaHHTeAbH0ň Mepe onpeAeAaeT 
H BbIÓOp ŤHna xapaKTepHCTHKH BHAepaíKH Bpe¬ 
MeHH pe^e 3amHTbi. 

Ha (jjnr. VIII,1 npHBeAeHa 3amHTa c BbiAepac- 
KOfl- BpeMeHH, He 3aBHCHMOŮ OT BeAHHHHbl TOKa. 
ripHHHHnHaAbHO B03M05KH0 npHMeHeHHe 33 IH,HTbI 
H C OrpaHHHeHHO-3aBHCHMOfl XapaKTepHCTHKOfl. 
B Tex CAyaaax, KorAe npeAHAymHe no pacnoAO- 
aceHHIO SAeMeHTH CHCTeMbi MOIAHOCTblO, COH3Me- 
pHMofl c reHepaTopHofl, CHaÓHceHbí MaKCHMaAbHOfl 
3amHT0fl 'C 33BHCHMOH XapaKTepHCTHKOfl, BbIÓOp 
noAOÓHOfl ace xapaKTepHCTHKH aah 3 amHTbi re¬ 
HepaTopa C TOHKH 3peHHH HX COrAaCOBaHHH MO- 
xceT 6biTb HHorAa onpaBAaH. 

Oah3ko 3amHTa c 33BHCHMOfl xapaKTepncTH- 
KOft HMeeT b AaHHHx ycAOBHHx cymecTBeHHbie 
HeAOCTaTKH. BCAeACTBHe MaAOň KpaTHOCTH TOKOB 
nOBpeacneHHH npH CKB03HbIX KOpOTKHX 3aMbIKa- 
HHax oHa paóoTaeT rAaBHbíM o6pa30M b naqaAb- 
HOfl, 33BHCHMOfl H MeHee TOHHOfl H3CTH XapaKTe¬ 
pHCTHKH. npH KaaaHHax potopob reHepaTopoB 
HeKOTOpbie H3 THnOB peAe C 33BHCHMOA XapaK¬ 
TepHCTHKOfl cnocoÓHbí cyMMHpoBaTb noBTopaio- 


Ma npOCTOH, H B 3T0M COCTOHT ee OCHOBHOe npe- 
HMymecTBO. B CMbic^e BbinoAHeHHH TpečoBaHHfi, 
npeA^HBAHeMbix k 3auxHTe or dBepxTOKOB (cnr- 
HaAH3aitHH npH neperpv3Kax h OTKAKHieHiie npa 
KOpOTKHX aaMblKaHHHx), 9Ta CXGM3 HMeeT caeAyio- 
mne KpynHbie HeAOCTaTKH. 

npn paÓOTe reHeparopa c noHHA<eHHbiM bo 3- 
óyjKAeHneM ycTaHOBHBniHflca tok BHeuiHero ko- 
pOTKOTO 33MbIK3HHH (oCOÓeHHO npH 33MbIK3HHH 
3a TpaHC(J)OpMaTOpOM HAH peaKTOpOM HAH OTCyT- 
CTBHH peryAHTOpOB HanpHJKeHHH) MO*eT ČblTb 
M3AO OTAHHHHM OT HOMHHaAbHOrO TOKa TCHepa- 
TOpa. B t3khx CAyqaax 3aniHTa MonceT OTKa3aTb 

B AeflCTBHH. 

npn neperpy3Kax c tokom, 6oAbimiM i p . m , 
3ani,HTa mojkct OTKAioHHTb reHepaTop paHbuie, 
neM sto TpeóyeTCH no jtaobham AonycniMoro 
HarpeBa oĎmotok. 

OAHaKo 3arpyĎHTb 3amHTy Hejib3H, TaK xaic 
TorAa OHa 6yAeT enie MeHee coBepmeHHO pa6o- 
TaTb npH BHeniHHX KOpOTKHX 33MblKaHHSiX. 

TaKHM o6pa30M cxeMa MaKCHMaAbnofl tokoboS 
3 ainHTbi npn ee BbinoAHeHHH no (pnr. Vll!,l He 
yAOBAeTBopaeT ochobhhm TpečoBaHHHM 3am.HTbi 
OT CBepXTOKOB. KaK 3aiHHTa OT MHOrO(|)£3HfcIX 
3aMbiK3HHH b reHepaTope OHa Tanace no cbohm 
B blAepHCKe BpeMeHH, HyBCTBHTeAbHOCTH II OTCyT- 
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CTBHK) Ce^eKTHBHOCTH npH HeCKOJIbKHX TeHepH- 
pyiomnx TOHKax b CHCTeMe BecbMa HecoBeptueH- 
Ha. rio3TOMy ee npHMeHHioT b KanecTBe 3amHTbi 
KaK OT MHOro4>a3HbIX 3aMbIKaHHŽ, TaK H CBepX- 
tokob TOJibKo reHepaTopoB Heóo^bmoň Mom- 
hocth (oóbiqHO MeHbiue 1 mW), ecjiH sto aony- 

CTHMO no yCJIOBHHM CeJieKTHBHÓCTH. 

Ha (J)Hr. Vlil,3 npHBe/ieii Bapnam MaKCHMaJibHOH to- 
KOBOft 3amHTW, BbllťOJIHCHHblH nO CxeMe C AByMH BWAep)K- 

k3mh BpeMeHH. Ilpu neperpy3Ke peae bpcmchh 4 c MeHb- 
weS BbuiepMCKOH BpeMeHH OTKjiioqaeT c noMombio npoMe- 
jKyTOHHoro peae 6 qacib MeHee oTBeTCTBeHHMx noTpeÓHTe- 
jiew. Bjiaroflapa 9TOMy b HeKOTOpbix CJiyqaax npn noHBJíe- 
hhh neperpy3KH reHepaiop MoxceT 6wib aBTOMaTHqecKH 
pa3rpy>KeH. Peae BpeMeHH 3 c óojibuieň Ha CTyneHb bm- 
aepMCKOH BpeMeHH aeScTByeT Ha OTKJiioqeHHe reHepaTopa. 
CxeMa 3amHTW b noaoÓHOM BwnoaHeHHH 3HaHHTeabHbix 
npeHMymecTB He HMeeT h pacnpodpaHeHHH He noJiyqHJia. 

6. 3AIUHTA MHHHMAJIbHOrO HAnPJHKEHHfl C TOKO- 
BOfl EJIOKHPOBKOH 

Ha <J>nr. VIII, 4 npnBeaeHa 6oaee coBepmeH- 
Haa 3amHTa reHepaTopa ot CBepxTOKOB, KOTopaa 
aeftcTByeT npn neperpy3Ke Ha cHTHaa, a npn 3a- 
MUKaHHH b cHdeMe hah reHepaTope — Ha otkakj- 
HeHne. 

3am.HTa, aefiCTByiomaH npH noBpeacaeHHHx, 
COCTOHT H3 TpeX OAHO<f>a3HHX peae MHHHMaAbHOrO 
HanpaxceHHH MraoBeHHoro asííctbhh 3, Tpex Max- 
CHMaAbHbix tokobhx peae 4, peae BpeMeHH 7 
h npoMeacyTOHHoro peae 8. i p . m peae 4 h bh- 
jepHcxa BpeMeHH peae 7 onpeaeaHioTCH TeMH ace 
TpeÓOBaHHaMH,' HTO H B CXeMe 4>nr. VIII, 1. BoAb- 
moe 3HaaeHHe HMeeT b aaHHoft cxeMe npaBHAb- 
Hbifi Bbióop HanpaaceHHa TporaHHH ajih peae 3 . 

Hto6m o6ecne>iHTb pe3epBHoe aeficTBHe 3a- 
mHTbl npn 3aMbIK3HHH 3a COCpeflOTOHeHHMMH HM- 
neaaHcaMH aaeMeHTOB, npHcoeflHHeHHHx k HiHHaM, 
h6o6xoahmo HanpHHceHHe TporaHHa peae bhCíh- 
paTb no B03M0HCH0CTH ÓOAbUIHM, HCXOAH H3 CAe- 

ayiomero coothoiushhh (cm. ta. IV, § 13): 

' ttpaó min, (Vlil, 5) 

rae Upasmia — MHHHMaAbHoe pa6o«iee HanpaxceHHe, 
npn kotopom He aoaHCHa aeňCTBO- 
BaTb 3amHTa; 

k H H k„ — fiOAbHie eAHHHUM; oSuhHO Up.m*= 
^ 0,7 —0,75 Uhom‘ 

npH cxeMe AeňcTByiomeň ToabKO ot peae mhhh- 
MaAbHoro HanpaHteHHH HMeeTca, onacHOCTb He- 
npaBHAbHoro OTKaioneHUH reHeparopa npH no- 
BpexcAeHHHX b uerrn TpaHC<|)opMaTopa Hanpaace- 
Hiia, npn noAT>eMax HanpajKSHHH c Hyan, npH boc- 
CTaHOBAeHHH HanpaaceHHa nocae OTKAroaeHHH no- 
BpexcAeHHH. MaKCHMaAbHue TOKOBue pe^e b stom 
CA yaae ÓAOKupyioT AeftcTBHe pe^e MHHHMaAbHoro 
HanpaHceHHH, pa3pbiBaa Ha cbohx KOHTaKTax uenb 
onepaTHBHoro Tona. Ha c^ynaň neperopaHHH npe- 
AOxpaHHTeAeň y TpaHC(J)opMaTOpa HanpaHceHHa 
hih Apyrnx HapymeHHň b uénax HanpaxceHHa 3 a- 
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IUHTH B UenH KOHT3KTOB p6Ae HanpHXCeHHfl yCT3- 
HaBAHBaeTCH cneuHaAbHbiň CHrHaA. 

HeAOCTaTKOM cxeMbi HBAaeTCH to, hto OHa 
b HeKOTOpbix CAynaax He pearapyeT Ha ycTaHo- 

BHBIHHeCH TOKH BHeniHHX 3aMbIKaHHfl. IlpH HeAO" 
CT3TOHHOM Toxe B 03 Óy)KA 6 HHH reHepaTopa H OT- 
CyTCTBHH peryAHTOpOB HanpHHCeHHfl yCTaHOBHB- 
mHflca tok BHeraHero 3aMHKaHHa MoaceT 0Ka3aTb- 
ca MeHbiue i p . m MaKCHMaAbHbix tokobhx peae. 
BcaeACTBHe cHHaceHHa HanpaaceHHa peae mhhh- 
MaabHoro HanpaaceHHa MoryT noAeňcTBOBaTb h 
33MKHyTb CBOH KOHT3KTbI, HO KOHT3KTbI TOKOBHX 

peae ocTaHyTca pa30MKHyTbiMH h 3amHTa He o6ec- 
neaHT oTKAroneHHH BbiKaroaaTeaa. 

npn 33MbiKaHHH 3a cocpeaoToaeHHbíM peax- 
T3HC0M, HanpHMep, 3a peaKTopoM Ha OTxoAameS 
aHHHH, ip MoaceT ĎHTb h Soabnie ip.m, ho Hanpa- 
aceHHe Ha 3aacHMax reHepaTopa MoaceT npn stom 
OKa3aTbca 6oabrae HanpaaceHHa TporaHHa peae 
MHHHMaabHoro HanpaaceHHa h, caeAOBaTeabHO, 
3amHTa Taxace He noaeSCTByeT. 

HexoTopHe npeHMymecTBa paccMOTpeHHofl 
cxeMbi (b ochobhom to, hto OHa He AeftcTByeT 
Ha OTKaioaeHHe npn neperpy3icax) no cpaBHeHHio 
c npocTOň MaKCHMaabHoň tokoboě 3aniHTo8 He 
aaioT Bce ace ocHOsaHna caHTaTb ee Bnoane 
YAOBaeTBopHTeabHoň, aaace ToabKO xax 3amHTy 

OT CBepXTOKOB. 

Kax yaoBaeTBopHTeabHaa ocHOBHaa 3anu.HTa 
ot BHyTpeHHHX 3aMbiKaHHň aaHHaa cxeMa Booóme 
He AoaacHa paccMaTpHBaTbca, TaK xax noMHMO 
Bcex yKa3aHHbix Bbirne HeaocTaTKOB a^ih Maxcn- 
MaabHOfl TOKOBOň 3aill,HTbI OHa MoaceT OTK33HBaTb 
b aeňcTBHH npn MHoro<í>a3HHx 3aMHKaHHax y Hy- 
aeBOň tohkh CTaTopa reHepaTopa, Koraa Hanpa¬ 
aceHHa Ha ero BbiBoaax k ihhh 3 m oKaacyTca ao- 

CT3TOHHO ÓOabUIHMH. 

Bonpoc o co3aaHHH aocTaTOHHO npocTOň 
h HaaeacHoň 3amHTH reHepaTopa, aeflCTByiomeft 
Ha oTKAioaeHHe reHepaTopa ToabKO npn KopoT- 
kom 3aMbiK3HHH h He AonycKaioine8 ero Henpa- 
BHabHbix OTKajoneHHS npn neperpy3Kax, ao chx 
nop He noayaHa Haa^ieacamero peuxeHHa. 

B nocjtenHee BpeMfl 6 hjih npeji.io>KeHbi npHimuriHa.ibHO 
6 ojiee coBepuieHHue cxeMU 3amnTU renepaTopa ot cBepx- 
tokob, aeňCTByiomeíi Ha OTKJitoieHHe reHepaxopa ToabKO 
npH KOpOTKOM 3aMbIKaHHH. 

Ha $wr. VIII, 5 npHBeaeHa b BHae npHMepa cxeMa TaxoS 
3 au;HTbi [JI. 1], rae 1 — MaxcHMaabHoe TOKOBoe peae (Hop- 
MaabHO no oflHOMy Ha $a3y), 2 — peae BpeMeHH, 3 — npo-. 
MeacyTOHHoe peae h 4 — noaapH30BaHHoe peae. 

i p m MaxCHMaabHoro TOKOBoro peae BUÓHpaeTCH b npe- 
aeaax 1,8 -ť- 2,0 i HOM reHepaxopa, BcaeacTBHe nero cxeMa aa- 
mHTH Ha neperpy3icy He pearnpjeT. 

npH kopotkom 33 MbiKaHHH ot ópocKa Tona peae / cpa- 
óaTusaeT. npoMeacyTOHHoe peae 3 nozieíicTByeT h, uoayiaH 
nHTaHne iepe3 KOHTaKTbi peae 4, yaepHCHT cboh koht3Ktm 
npHTHHyTWMH ao Tex nop, noxa cpaóOTaeT peae BpeMeHH 2, 
t. e. KorAa reHepaiop otkaiohhtch. TaxHM oópa30M cxeMa 
pearHpyeT Ha HanaabHue 3iia l ienn!7 TOica KopcrrKoro 3aMU- 
KaHHfl, KOTopae, Kax npaBHao, óoabrne i pmtn . BpeMH BUAepat- 
kh peae 2 BHĎMpaeTca, hcxoah hs ycaoBHH ceaeKTHB- 
HOCTH (VIII, 4). 



tj> Tfe 


/Uh nmaHHH jieóJioKHpyiomero noaflpH 30 BaHHoro pe- 
jie 4 npeaycMOTpeH TpaHC^opMaiop HanpHHceHHH c moctom 
M 3 cyxHx BlanpflMHTe/ieft. ňpH HopMajibHOM peacHMe reHe- 
paTopa, Kor.ua BanpflHceHHe ocTaeTca nocTOflHHWM, no/iapH- 
30 B 3 HHoe pejie 6 e 3 aeHCTByeT (KoímeHcaTop He nponycKaeT 
nOCTOHHHOrO TOKa). 

ÍIpH KopoTKOM 3aMbiK3HHH HanpaiKeHHe yMeHbmaeTca. 

KoH^eHcaTop pa3pjnKaeTCH *iepe3 noJiflpii30BaHHoe peaé, ko- 
Topoe npHXOJXHT B jieŘCTBHe, 3aMWKaeT CBOH KOHTaKTM 
h AeóaoKHpyeT cxeMy MaKCHMa/ibHoft tokoboží 3amHTH. 

B MOMeHT OTKJncmeHHH KOpOTKOrO 3aMbIK3HHH Hanp 5 i>Ke- 
Hne B03paciaeT, KOHjieHcaTop aonojiHHTejibHo 3apHHcaeTCfl. 
KoHTaKTbi no/iHpH30BaHHoro pejie pa3pWBaioTCH, h npoMe- 
^KyTOHHoe peae 3 npHXojiHT b HcxoflHoe no/ioiKeHHe. 

ÍIojioÓHbie cxeMbi TpečyioT eme TmaTe^bHoii npoBepKH 
HX fleHCTBHfl B ycnOBHHX 9KCn^oaTaUHH v 


pe^e 6 , B03BpamaiomerocH b Hcxo/moe nojioace- 
Hne. Pejie 5 TpeóyeTca To^bKo npH npHMeHeHHH 
pejie BpeMeHH, He paccnHTaHHbix Ha jymiejibmz 
npoTeKaHHe TOKa nepe3 hx oÓMOTKy. 

PaccMOTpeHHan cxeMa 3amHTbi ot MHHHMBJíb- 
Horo HanpflHCeHHH C TOKOBOfi 6.7IOKHpOBKOň KaK 
3amHTa ot CBepxTOKOB HB^ineTCH b HacTOBmee 
BpeMH ocHOBHoň juin reHepaTopoB, CHaóxceHHbix 
eneiuiajibHbíMH 3amHTaMH ot MHoro(J)a3Hwx 3aMbi- 

KHHHH. 

3Ta cxeMa 3amHTbi ot CBepxTOKOB nOMHMO 
CBoero npHMoro Ha3HaneHHH pearnpOBaTb Ha ne- 
perpy3KH h BHeniHHe noBpe»CAeHHH cjiyxcHT o#- 



VIII, 5. Oahh H3 BapwaHTOB 3amHTbi noBbi- 
vht. VIII, 4. CxeMa 3 amnTbi mhhhm3 jishoto HanpjDKeHHH c tokoboS nieHHOH ^yBCTBHTejibHOcm reHepaTopoB ot CBepx- 
ójioKHpoBKoň h TOKOBoři 3amHTbi ot neperpy30K reHepaTopa, tokob. 


PearnpyiomHM opraHOM 3 amHTi>i npH neperpy 3 - 
Kax c^iy>KHT ycTaHaB^HBaeMoe _n.onoAHHTe.nbHO 
MrHOBeHHoe MaKCHMajibHoe TOKOBoe pe^e2. npH 
fleňCTBHH nocjieAHero no;iyqaeT RHTaHHe peAe 
BpeMeHH 6 . 

ip.rn pejie 2 BHĎHpaeTCH B03M0ÍKH0 ManblM 
c yneTOM TOica B03BpaTa h c k H nopanKa 1,05, 
t. e. b npe.ae.nax 1,1 —1,2 ot i H0M . Ko34>HnHeHT 
HaaeHCHOCTH BbiÓHpaeTca (b uejiax nOBbímeHHH 
qyBCTBHTe^bHOCTH 3auiHT« ot neperpy3KH) no 
HaHMeabiueMy ero 3HaqeHHio, onpeAe^iaeMOMy 
To^bKo norpeuiHOCTbio pe.ne b ip. m . BbiaepiKKa 
BpeMeHH, ocyrnecTB^aeMaa pe.ne 6 , BbióapaeTCH 
tohho Tax ®e, Kaic h b cxeMe MaKCHMajibHoň to- 

KOBOň 3amHTH. yCT3HOBKa BbJ/iepWKH BpeMeHH 

06 yc.n 0 B.neHa CTpeMneHHeM H36e*aTb CHrnana 
npn KpaTKOBpeMeHHbix cBepxTOKax. 

npoMeacyToqHoe pene 5 CHHMaeT HanpsíHceHHe 
c pe,ne 6 , noc.ne cpaóaTHBaHHs nocneAHero caMO- 
6 ;iOKHpyeTca h AefiCTByeT Ha CHrnaJi BMecTo 


HOBpeMeHHO pe3epBOM 3auiHTbi reHepaTopa 

OT BHyTpeHHHX nOBpejKACHHH. OAH3KO BCJieACT- 
Bne Ma^oň qyBCTBHTe^bHOCTH OHa mojkct He 
no^eficTBOBaTb npH BHyTpeHHHX MHoro4)a3HKx 
nOBpejKACHHHX c 33MblKaHHeM He3HaMHTe^IbH0r0 
qnejia bhtkob y Hy^eBoň tohkh reHepaTopa, co- 
npoBoacAaiomHxca Ma^uM CHHXceHHeM Hanpaace- 
hhh. 

7. BHyTPEHHHE 3AMbIKAHHíl B TEHEPATOPE 

3aMUKaHHe Meac^y 4 ,a3aMH CTaTopHOň oómot- 
kh aBJíaeTca oahhm H3 Haudo^ee onacHbix bhaob 
noBpeJKfleHHa reHepaTopa. ' 

B 33BHCHM0CTH ot peJKHMa pačoTH renepa- 
Topa, ot MeeTa 3aMbiKaHHa h ycAOBHň cbsbh re- 
HepaTOpa c chctcmoř tokh noBpeacAeHHH MoryT 
H3MeHHTbCH B IHHpOKOM AHana30He H AOCTHraTb 
ÓOAfcniHX BeAHMHH. 

npn ak>6om BH^e noBpejKfleHHH Ha 3ajKHMax 
reHepaTopa hah bo BHemHeň ceTH tokh 3aMUKa- 
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HHH AJtH aiOĎOfO MOMeHTa BpeMeHH 6e3 3 H 3 MH- 
Te^bHoro Tpyfla h c npHeMaeMOň a-aa npaKTHKH 
TOMHOCTbH) MOryT ÓbITb BbíHHCJieHM Ha OCHOBe 
cymecTByiomHX cnocoSoB pacneTa. Bonpocbi onpe- 
.aeaeHHH 33bhchmocth BeaHHHHH TOKa noBpeacae- 
HHH OT qncaa 33MKHyTHX bhtkob npeacTaBaaioT 
3HaqHTeabHbie 33TpyaHeHHH. ripn HeKOTopux ao- 
nyiaeHHax npHHUHnnaabHoe penieHHe paccMOTpe- 
ho HHHce [JI. 2, JI. 3, JI. 4, JI. 5J. 

B ueaax npocTOTbi paccMaTpHBaeTca cayqaft 
paóoTbi reHepaTopa Ha xoaocTOM xoay. BHeuiHHH 
Harpy3Ka OTCyTCTBycT. řípa OTHocHTeabHOM qncae 

CHMMeTpHqHO-3aMKHyTbIX BHTKOB a, CHHTaa OT 

HyaeBoň tohkh k 3 aa£HMaM reHepaTopa, b 3 aM- 
KHyTofl qacTH Kaacaoft (J>a3bi (4>H r . VIII, 6) HHayx- 
TnpyeTca a. a. c. E a - 


Ecan noJiHoe 3kthbho6 conpoTHBaeHHe 06 - 
MOTKH 4>a3U R, TO npH 3aMbIK3HHH CL BHTKOB 

Ra ®= */?. (VIII, 7) 

npH onpeaeaeHHH peaKTHBHoro conpoTHBae- 
hhh o 6 motkh aByxnoaiocHoro reHepaTopa a-aa 
tokob jiioóoě nocaeaoBaTeabHOCTH HCxoaaT H3 
npeanoaoaceHHH, hto nojiHuň peaKTaHc 33MKHy- 
TOň qacTH očmotkh X a coctoht H3 aByx.qacTeň: 
coócTBeHHoro peaKTaHca X ca , onpeaeaaeMoro 
noTOKaMH $ c , cuenaaiomHMCH ToabKo c aaHHbíM 
bhtkom, h o6mero peaKTaHca X 0 6a, onpeaeaae- 
Moro noTOKaMH ÍW, cuenaaiomHMCa co BCeMH 
BHTK 3 MH <J)a3bI ((j)Hr. VIII, 7). 



CLÍ. 


0 


G ccr ax c1 cc 8 x off1 . n „ 

-— —I njirirH 


_l 


CjceMa 
nouojicu mejib- 
mou nocnedo - 
Qame/ihHocmuL 


VIII, 8. CxeMa 3aMemeaHH nojioacHTejibHOH nocJieaoBaTejibHocTH 
Ajih cJiynaa Tpex(f)a3Horo 3 aMbii<aHHH a bhtkob CTaTopnoň oómotkh 

reHepaTopa. 

TaKHM o6pa30M noaHbiň peaKTaHc 3 aMKHyTOŘ 
qacTH paBen 

X a = X ca + X o6a . (VIII, 

TaK KaK coócTBeHHUň noTOK Kaacaoro bhtk 3 
He cuenaHeTCH c apyrHMH BHTKaMH, to mohcho 

CHHTaTb 


4>Hr. VIII, 6. 3aBHCHMOCTb 9. JL C. OT JlOJIH bHTKOB CT3T0P- 
hoh oómotkh reHepaTopa. 


%8 


Xc-oXr (VIII, 9) 

H3MeHeHHe o 6 mero peaKTaHca npn yqeTe no- 
TOKOCuienjieHHň Bcex bhtkob aoaacHO 6biTb bu- 
paaceHo b KBaapaTHHHoft 33 bhchmocth ot nncaa 



BHTKOB, T. e. 

Xo6d —0?Xo6‘ (VIII, 10) 

TaKHM o6pa30M 

X = O.X c + o?X o6 . (V III, 11) 

JXjisi BeaHHHH nojiHbix peaKTaHcoB b cxeMax 
noaojKHTejibHoň, OTpHuaTeJibHOfl h HyaeBoň no- 
caeaoBaTeabHOCTefl TaKHM o6pa30M nojiynaiOTCH 
caeayromne cooTHomeHHa: 

X w =aX Cl + a?X o6l , (VIII, 12) 

X^ — o.X Ci + a?X 0 6„ (VIII, 13) 

Xoa — aV, 0 + «*Xo6 0 . (VIII, 14) 


4>nr. VIII, 7. Cueiuiemie iiotokob c BHTKaMH. 


C 

CTbK) 


aocTaTOHHoft a^ifl ueaeft pacneTa tohho- 
E a — clE #, (VIII, 6) 


ripHHHMaíI npH 3T0M X Cl — X c , = X c , M 05 KH 0 
Ha OCHOBe MeTOaa CHMMeTpHHHblX COCTaBaflIOHIHX 
onpeaeaHTb tokh a-aa SojibuiHHCTBa* BCTpenaio- 
XHHXCH BHaOB BHyTpeHHHX 3aMbIKaHHft. Ha $Hr. 
VIII, 8 npuBeaeHa cxeMa 3aMemeHHH a-a» cayqaB 
33MbiKaHH9 Meacay TpeMH 4>a3aMH coraacHo (Jjht. 
VIII, 9. Ha 4 >ht. VIII, 10 npeacTaBaeHbí cxeMbi 


rae E# — ty a3Haa 3. a. c. npn a=l. 
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4>Hr. VIII, 9. Tpexcj)a 3 Hoe 

33MbIKďHHe a BHTKOB 

CTaTopHoň oómotkh reHe- 
paTopa. 


"1 CxeMa 


a *ct a x oS.t ! no/iomumejib- 
I *noú nocmdo- 
I damejibHoomu 


a&o&z ! 


4>nr. VIII, 11. flByx4>a3Hoe L< - mimrmn a*f?t ? RoB.Z { ompuuaMe/lb- 

33MfatKaHHe Ot BHTKOB I HOU. noc/pdn- 

cr a T °p„° a 06M0TKH reHe- 1__ j te^Zcmu 

0 A ®nr. VIII, 10. CxeMa saMemenna jjis cayaaa flByxd»a 3 Horo 

3aMWKaHHH O BHTKOB CT3TOpHOH OÓMOTKH reHepaTopa. 



3aiwemeHHH nnn 3aMbiKaHHa MeacAy AByMa <i>a3aMH 
coraacHO (})nr. VIII, 11. Ha 4>Hr. VIII, 12 npeA- 
CTaBaena cxeMa 3aMeujeHHa aaa 3aMHKaHna b oa- 
Hoň (J»a3e coiviacHO (Jjht. VIII, 13. 

B exewiax 3aMemeHna yaTeHO aKTHBHOfi co- 
íipoTHBjíeHHe oómotkh R h 3aMbiKaHHe npeAiío- 
JiaraeTca aepe3 HeKOTOpoe R n . 

Ilo 3aKOHy OMa tok Tpex<|a3Horo 3aMbiKaHHH 
coiviacHo 4mr. VIII, 8 paBeH 

7 S “ aR + Rn+J (?x c + atx oSi ) • ( vm » 15 ) 

Tok nojio)KHTejibHoft h OTpHuaTěAbHoň nocrce- 
AOBaTe^bHOCTefl A^a AByx4>a3Horo 3aMUKaHHa co- 
iviacHo <jmr. VIII, 10 paBeH 

/<2)_ /*(2)_ 

«i i «2 


* X C1 aZx o5.i I CxeMa t 

BlfU' , ° - tyVMA-o-VV\A^Zr j no/iojtcume/ih- 

j hoú. nocjiedo- 
-1 BamejJbHoemu 


X Z X 0 fr 2 



CxeMa 

? ompucfamejib- 
o i hoú noc/iedo- 
_ J SamexbHocmu 


cc 2 x n s n J CxeMO" 

AN WS HymBou 

vv ] j nocjiedoBa- 
--i mejibHQcma, 


~‘ 2 aR+ Rn + 2 j<xX c +j«*(X o6 +X oS \- ( VIII) 16 ) <řH ^- VIIÍ - 12 - CxeMa saMemeHna IM cayiaa oaHod>a3HOr 0 

' V 061 ° Si1 saMUKaHHH a BHTKOB CTaTopHoíi oómotkh reHepaTopa- 

rio^HHň tok AByx4»a3HOro 3aMbiK3HHH b no ■ 

BpeacAeHHbix 4>a3ax ___ a _ 

I?B - tc = (a* - a) I™ = - —4 

^ > -~-^ w VVVVW -- 

J 2 a R + R n -tJ IpzXc + ^lXgg -t-Xggjy (^B, 17) ——^>^vvwv\)v^ 1 -- • c 

Tok no^03KHTe^bHOíí, OTpHiiaTeAbHoft h Hy^e- 4>Hr. vin, 13. 
bo 8 nocjieAOBaTe^bHocTeň min OAHO<j[)a3Horo 3 a- Oano4»a3Hoe 
MUKaHHa coiviacHO <})Hr. VIII, 12 paBeH: « BH M TKo| HH cTa- -*,£/(*- 

; m : m • TopHoft oómotkh -výwvyvw^_ -A 

/O) — /O)—a /O) = reHepaTopa. 

. a— pacnojioxKeHHbix r¥) í-—^--VV\AAAA/V\A<»-—_ R 

a p c Kpa fl oómotkh; ' a 

_ __ 0 _ /tmr 4 q\ ó'—pacnojiOHceHHbix . . A 

3 Raj- 3 R n -f- j(X a ~tX a +X a ) V VA1 í> BHyTpa oómotkh. -*AVVW/W ^’ ' . f 


^VWVVV^ 


4>nr. Vlil, 13. 
O^Ho4)a3Hoe 
3aMbiKaHHe 
a BHTKOB CTa- 
TOpHOH OÓMOTKH 

reHepaTopa. 

a — pacnojioxceHHbix 
c Kpaa oómotkh; 
ď—pacnojioiKeHHbix 

BHyTpH OÓMOTKH. 


—. a 


-WMMW- 


3 aR + 3 R n + j [a ( 2 X C + X C J + a* (X o6i + X 0(5j + ^J] • 


ííjih 


(VIII, 19) 
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J\na cjiy^as MeTa./uiHHecKoro 3aMUKaHHn, t. e. 
Koi\na R n = 0, ypaBHeHHH (VIII, 15), (VIII, 17) 
m (VIII, 19) aaioT c^e^ýioiuHe 3HaneHHa tokob 
A jih KaacAoro H3 paccuoTpeHHUX bhaob noBpeac- 
AeHHň: 



/(3) -a E * 

R+J{X e +aX o6 y 

(VIII, 20) 


/3Í* 

- hR+J [2X e + a (X^ + X o6 J] ’ 

(VIII, 21) 

h) - 

CO 

(VIII.22) 

J *A ’ 

3R-ij [2X c +X tt )-jra (X 9 g t -tX g6t -\-X 0 g t )] ' 



❖lir. VIII, 14. 3aBHCHMOCTb TOKa KOpOTKOrO 33MbIK3HHH OT flOJIH 
SaMKHyBIUHXCH BHTKOB npH paSJIH^HUX BHflaX nOBpe^K^eHMfl. 


ripe^e^bHLie MaKCHMajibHbie 3HaqeHHH othx 
tokob npa a, CTpeMBmeMCH k Hy^iio, paBHu: 


m 

aA max 




/(2) a 
M aB max 


/O) : 

aA max 


R+jXc 


'~ J 2 R+j2X e • 
3 E 0 

s 3 R+j(2X e >+X ) 


(VIII, 23) 

(VIII, 24) 
(VIII, 25) 


ripHMepHafl nojiyqeHHan pacqeTOM 3aBHCH- 
MOCTb TOKOB nOBp6)KAeHHH OT MHCJI3 3aMKHyTHX 
BHTKOB RJ191 HaHaJIbHOrO H yCTaHOBHBinerOCfl 3Ha- 
neHHň tokob npHBe,neHa Ha dpur. VIII, 14 (reHe- 
paTop pačoTaeT oahh Ha xojioctom xojiy, 3a mh- 

KHHH6 HHCTO MeTa^IJIHHeCKOe). 

B npaKTHHeCKHX yCJIOBHHX 3aMUKaHHH npOHC- 
xoaht, KaK npaBH.no, qepe3 HeKOTopoe jR n . JXaxce 
H63HaHHTeJIbHaH aĎCOJIIOTHaH BeJIHHHHa R n npH 
CHHHCeHHH OTHOCHTeJIbHOrO HHCJia 3aMKHyTbIX 
bhtkob pe3KO CKa3biBaeTCH Ha orpaHHqeHHH Tona 
noBpeHC^eHHa. 

XapaKTep hsmohohhh tok< aoBpexcAeHHn b 3a- 
1HCHMOCTH OT OTHOCHTe^bHOTO HHCJia 3aMKHyTbIX 
bhtkob npH yqeTe R n moxcho npeACTaBHTb [JI. 
KPHBMMH 4)HI\ VIII, 15. 



❖wr. VIII, 15. 3aBHCHM0CTb TOKa OflHO$a3HOrO IXOBpeHCReHHH 
OT xoíih 3aMKHyBUiHXCH bhtkob npH yneie nepexo^Horo 
conpoTHBaeHHH R n . 


Mew óoTibuiee 3HaqeHHe HMeeT R n no otho- 
uieHHio k HMneAaHcy oómotkh, TeM óojiee pe3Ko 
npoHB^neTCH h ero orpaHHHHBaiomee tok ^eftcT- 
bho (pacqeTHan 1 h onbiTHbie KpHBbie 2, 3 h 4 
A-na pa3JiHqHbix R n Ha <j)Hr. VIII, 15). 


npHBéfleHHMH cnocoó pacneia no3BOaaeT onpeneJiBTb 
tokh BHyTpeHHHX noBpexc^eHHH npn yqeie B3aHMOHH^yKUHM 
OTAeflbHux HacTeíi oómotkh craiopa, a Taoce h b oómew 
cay^ae npH paóoie noBpexoneHHoro reHepaiopa Ha narpy- 
xceHHyio CHdeMy napaaae^bHO c ^pyrHMH reHepaiopaMH. 
Oh npwMeHHM KaK fljia reHepaTopoB c o^hoh, iaK h rjiíí 
reHepaTopoB c flByMH napajuieabHbíMH bctbhmh Ha <J*a3y. 

IlpHMeH6HH6 MeTo.ua orpaHHneHO TeM, hto npH noab3o- 
bbhhh hm jvia Ka)K^oro reHepaTopa ao^xchm óbiTb H3BecTHbi 
BejiHHHHbí coócTBeHHoro peaKTaHca X c h R n . 3HaHeHHe X e 
moxcho yHHTWBaTb aHuib rpyóo npHÓjiHxceHHO, a xapaKTep 
H3MeHeHHH h 3HaneHHH R n noKa coBepmeHHO He BbíHCHeHbi. 

TeM He MeHee npH Bederní bili cnocoó no3BoaaeT ycTaHO- 
BHTb ; xapaKTep TOKopacnpeíiejieHHH npH BHyipeHHHx no- 
Bpeac/ieHHHx h 3HanHTeabHO oóaerqaeT Bbióop h aHa/iHs 

AeHCTBHH 3aiUHT. 
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8. IlPOAOJlbHAft AH4»EPEHUHAJlbHAJl TOKOBAJI 
3AIU.HTA 

JEIah 3amHTH reHepaTopoB ot BHyTpeHHHx 
MHoro(J)a3Hi>ix 3aMUKaHHfl cayacHT Tpexc})a3Hafl 
npoAoabHaa AH<i>epeHqHaabHaH 3amHTa. Ocyme- 
CTBaaeTca OHa Ha ocHOBe Hcnoab 30 BaHHa cxeM, 
c HHpKy^iHpyiomHMH TOK3MH (ra. V, § 1). Ha 
<j)Hr. VIII, 18 npHBeAeHa cxeMa 3 amHTU c MaKCH- 
MaabHHMH TOKOBbíMH peae MrHOBeHHoro Aeňcr- 
bhh, HanpHMep, THna 3T-X3M3. 

ÓpH HopMaabHOM peacHMe paóOTH reHepaTo- 
pa H CKB03HUX KOpOTKHX 3 aMHKaHHHX nepBHHHHe 



4>«r. VIII, 16. ripHHHHnHaflbHaa cxeMa flH^epeHUHaabHoS t®- 
koboh 3 aw.HTbi reHépaTopa. 

tokh b Haqaae h b KOHue očmotkh KaacAOft 
4>a3U OAHH3KOBU. ECAH reOMeTpHHeCKaH pa3HOCTb 
BTOpHHHbIX TOKOB TpaHC^OpMaTOpOB TOKa K3HC- 

AOň 4>a3H paBHa Hyaio, to h tok b peae 

i P — h — f„=0. (VIII,26) 

B AeftCTBHTeabHOCTH, HecMOTpa Ha noaHyio 
OAHOTHnHOCTb TpaHC<J)opMaTopoB TOKa, yerpa- 
HHTb p33HOCTb BjejKAy BTOpHHHUMH TOK3MH He- 
bo3mohcho h, caeAOBaTeabSo, Hepe3 peae MOweT 
npoTeKaTb HeKOTopuň w. B ra. V, § 2 6biao 
ycTaHOBaeHO, hto 

Íh6 == ^homI\ Íhom I, (VIII,27) 

i\ae Íhom i h ittaMii — tokh HaMarHHHHBaHHa TpaHC- 

<|>OPMaTOpOB TCJK3. 

ripH TUiaTeAbHOM nOAĎOpe TpaHC<J)OpMaTOpOB 
TOKa H npaBHÁbHOM BbinOAHeHHH exeMbl Í H g p,nn 
HopMaabHoro peacHMa paóoTw reHepaTopa He3HaaH- 
TeabHbí, ho npn ckbo3hhx kopotkhx 3aubiKaHHax 
BeaHHHHa 4e MoaceT pe3KO B03pacTH. OčtacHaeTca 
sto TeM, iTO aji a AH4>epeHUHaabHo8 aamHTbi reHe- 


paTopoB, KaK 3amHTbi 6biCTpoAeňCTByiomeft, He~ 
oSxoahmo yaHTUBaTb BAHaHHe HanaabHHX 3Haae- 
HHft TOKOB KOpOTKOTO 3aMHKaHHH c hx anepHOAH- 

qecKoň caaraiomeň (cm. ra. II, § 11). 

ip.tn MrHOBeHHUX MaKCHMaabHbix tokobhx peae.. 
ycTaHOBaeHHbix b AH^epeHHHaabHOň 3amHTe, b 
ueaax oĎecneaeHHa ceaeKTHBHoň paóoTH 3amH- 
Tbi npa BHeniHHx HOBpeacAeHHax AoaaceH bu6h~ 
paTbca óoabiue 4<?max- 

Hto6m CHH3HTb BeaHHHHy i H g, npHMCHaiOT cae- 
Ayiomne MeponpaaTHa: 

1) TpaHC^opMaTopu TOKa noaÓHpaiOT nonapHO 
Ha 3aBOAe-H3roTOBHTeae h nocTaBaaioT KOMnaeKT- 
ho; 



4>Hr. Vlil, 17. riojmaa cxeMa AHífiepeiiUHaJibHOH roKOBoií 
3am.HTbi reHepatopa. 


2) conpoTHBaeHHH o6ohx naea 3amHTbi, t. e. 
Harpy3KH, npHXoaauiHecH Ha TpaHC<|>opMaTopK 
TOKa, Aoa>KHM ÓHTb He3HaaHTeabHbiMH no BeaH- 
aHHe h paBHMMH Apyr Apyry. BbipaBHHBaHHe 
naea MoaceT 6biTb ocymecTBaeHO nyTeM bkaio- 
aeHHH b naean c MeHbuiHM conpoTHBaeHneM ao* 
noaHHTeabHtJx .peryaHpyeMbix aKTHBHbix conpo- 
THBaeHnfi 2, Kai< sto yKa3aHO Ha (jwr. VIII,17; 

3) b uenb peae nocaeAOBaTeabHO c tokobož 
o6motko 8 BKaroaaioT AonoaHHTeabHoe conpoTHB- 
aeHne 3. 

XIonoaHHTeabHoe conpoTHBaeHne b qenn pe¬ 
ae MOHCeT ĎbITb aKTHBHHM H peaKTHBHHM. Pe- 
aKTHBHoe conpoTHBaeHHe (6e3 aceae3a) AaeT 
6oAbniHH craajKHBajoutHň tokh 94xJ)eKT, TaK KaK 
b 6oabuieň Mepe orpaHHHHBaeT b peae Bucrnne 
rapMOHHKH tokob, BecbMa 3aMeTH«e b HaMarHH- 
HHBaioiqeM TOKe, a caeAOBaTeabHo, h b i„s. 
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npH Hpe3MepHoň Be^HHHHe Aono4HHTe4bHoro 
conpoTHBfleHna b uena pe^ie qyBCTBHTe4b- 

3HOCTb 3amHTbI npH BHyTp6HHHX IXOBpeHCACHHBX 
atoHieT 3a caeT oTCOca aacTH BTOpHHHoro TOKa 
TpaHC({»OpMaTOpOB TOKa 3Ha»IHTe4bH0 CHH3HTbC3. 
Ho HeKOTopHM onbiTHUM A^HHbíM HaHČo4ee Bbl- 
rOJHUMH aB43K)TCH aKTHBHbie COnpOTHBAeHHH 

ot 5 40 20 Q (npn pe 4 e c Ma 4 biM conpoTHB 4 eHHeM 

oómotok). 

npoBepeHHoro aHajiHTimecKoro cnoco6a 44 a 
onpeaefleHHH i H g np« HeycTaHOBHBiueMca pexcHMe 
b Hacioamee BpeMa He cymecTByeT. OnbiTHbift 
xce cnocoO onpeaejieHaa i„g 33TpyAHHTe4eH h 
onaceH 44 a reHepaTopa. 3HaqeHne i p . m pe4e yera- 
H3B4HBa6TCa nOSTOMy Ha OCHOBe 3KCn40aT3UH0H- 
aioro onbrra; TpaHccJjopMaTopH TOKa npoBepaiOTca 
npH 3tom cor4acHO 10°/ 0 kphbhm norpeuraocTeft 
(cm. T4. II, § 12). 

H,4a MaKCHMa4bHbtX TOKOBblX pe^e (b 33BHCH- 
MOCTH OT KaaeCTBa TpaHC<])OpMaTOpOB TOKa) 
•ip.m — 20 4C°/o Íhom H4H, n04araa í HO m = 5 A, i p . m = 

= 1 2 A. 

ZlH(|)epeHU,Ha4bHaa 3am,HTa ot MeHCAy(J)a3Hbix 
3aMaKaHHfi Bbino4HaeTca KaK 3amHTa MrHOBeHHoro 
leflCTBHa h BH4ep>KKH BpeMeHH He HMeeT. 

npH 3aMbiKaHHH Ha 3aacHMax reHepaTopa, 4 a- 
we npa paóoTe Ť'04bK0 04Horo reHepaTopa, t. e. 
K0r4a tok BHeniHHx TpaHC<|)opMaTopoB TOKa pa- 
BeH Hy4I0, B pe4e npOTeKaiOT TOKH, 3H3HHTe4bHO 
5o4buiHe i p . m . TojibKO b C4yqae MeHC4y<|)a3Horo 3a- 
MbiKaHHH qepe3 R n bó 4 H 3 h Hy4eBofi tohkh ř p , yan- 
TbiBaa (})Hr. VIII,14, MoaceT OKa 3 aTbca MeHbnie, aeM 
ip.m, t. e. 3aiHHTa MoaceT HweTb HeKOTOpyro MepT- 
Byio 30Hy. npn MeTaajiHHeCKOM kopotkom 3 a- 
MbixaHHH 4H4>epeHUHa4bHaa 3amHTa MepTBOň 30 - 
hu He HMeeT. 

IIpH OAHO(j)a3HHX 3aMUK3HHaX Ha 3eM4I0 pac- 
CMOTpeHHaa npoA04bHaa AH(|>epeHUHa4bHaa toko- 
saa 3amHTa b 6 o 4 biHHHCTBe cayaaeB npn Aony- 
fKaeMbix TOKax 33 MbiKaHna Ha 3 eM 4 io (cm. tji. VIII, 
§ 12) 44 a reHepaTopoB 3HaaHTe4bHoň moiuhocth 
ne 4eňcTByeT BOBce H4H AeňcTByeT Hey40B4eTB0- 
pHTe4bHq, očecneaHBaa HeAOCTaTOHHbiň npopeHT 
3amHuxeHHux bhtkob. 

npH BHTKOBblX 3aMbIK3HHaX 3aui,HTa paóoTaTb 
ne 6 y 4 eT, TaK KaK cooTHOuieHHe tokob b Haaa4e 
h b KOHue <i>a3H npn btom He HapymaeTca (cm. 
HHJKe). 

ZlH(|)epeHUHa4bHaH 3autHTa, KaK 3awHTa ot 
MHoro(j)a3Hbix noBpe)K4eHHň, no4yqH4a uiHpoKoe 
pacnpocTpaHeHHe h peKOMeH 4 yeTca 44 a bucoko- 
B04bTHbix reHepaTopoB, HanHHaa c moihhocth 
1 MW. 

npn 4eflCTBHH 3am,HTa aepe3 npjjMeHcyTOHHoe 
pe4e 0TK4K»aaeT r4aBHbiň BbiK 4 K>qaTe 4 b (h HyAe- 
Boň, ec 4 H oh HMeeTCa), npHBOAHT b AeftCTBHe 3 bto- 
MaT rauieHHH n04a h npoTHBOiiOHcapHoe aBTOMaTH- 
necKoe ycTpoňcTBO (ec 4 H oho ycT3HOB4eHo). 

K He40CTaTK3M 3ajHHTbI OTHOCHTCH B03M0HC- 
hoctď HenpaBH4bHoro AeňCTBHa npa noBpejKACHHH 
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b BcnoMoraTe4bHbix npoBOAax BTopHHHOň uenn. 
npH oópuBe uenn btophhho0 oómotkh BepxHero 
H4H HHxcHero TpaHC^opMaTopa TOKa npn AOCTa- 
TOHHOň Harpy3Ke reHepaTopa qepe3 pe4e npoňAeT 
TOK, 604bUXHň ip. m, H 3aiHHT3 HeCe4eKTHBHO 0TK4I0- 

hht reHepaTop. Mohcho 6h4o 6m BTOrOj.HsOeacaTb, 
Bbičnpaa i p . m 6o4buie paóoaero TOKa reHepaTopa. 
Ho 3to He peKOMeHAyeTca BC4e4CTBHe qpe3Mep- 
Horo 3arpy64eHHH 3aiUHTbi. noaTOMy BepoaTHOCTb 
Hece4eKTHBHoro AeňcTBHa 3amHTbi npn oópuBe 
BTOpHHHOS IteiIH 404HCHa HCK4K)HaTbCa He nyTeM 
nOBbímeHHH Be4HHHHbI ip. m, a TIUaTe4bHbIM Bbin04- 
HeHHeM MOHTaHiHbIX paČOT. 



<í>Hr. VIII,18. ripHHuHnHa.TbHaa cxeMa jiH^epeHUHaabHofi to- 
koboh 3amHTbi reHepaTopa co CTaTopHoň o6motko{}, coenn- 
HeHHoft b TpeyroabHHK (no.maa cxeMa oównio coaepwHT 
AoéaBOMHbie conpoTHBaeHHa b cooTBeTCTBHH c <J>nr. VIII, 17). 

H4a reHepaTopoB cpeAHeň mohihocth, npa- 
MepHO 1 — 6 MW C4e4yeT, BbiacHaTb bo3mohc- 
HOCTb 3aMeHU 4H<J>epeHHHa4bHoft 3amHTbi Ha to- 
KOByro OTceHKy, ycTaHaB4HBaeMyio Ha BbiBOAax 
reHepaTopa k HiHHaM h AeňCTByiomyio ot TOKa, 
nocu4aeMoro CHCTeMOfi; 04HaK0 TaKaa 3asieHa 
b 6o4bniHHCTBe C4yqaeB 0Ka3biBaeTca Heu,e4ecoo6- 
pa3HOň. 

CxeMa AH^epeHUHaabHoft 3amHTU reHepaTopoB, oómotkh 
CTaiopa KOTopbix coeAHHeHM b TpeyroabHHK, npHBeiieHa Ha 
(JiHr. VIII, 18. Bce CKa3aHHoe o flHcjjepeHunajibHOH 3amHTe 
reHepaTopoB, oómotkh KOTopbix coe^HneHbí b 3Be3Ay, b oc- 
HOBHOM OTHOCHT)CH TaKMte H K 3TOH CXeMe. 



Hepe3 nepBH<iHbie oómotkh BHeuiHHX TpaHCjjjopMaTopoB 
Tona 3aiuHTH npoxojWT aHHeíiHHe, t. e. b i/* 3 pa3 6oab- 
UIHe TOKH no CpaBHeHHK) C nepBHHHblMH T0K3MH TpaHCíjíOp- 
MaTopOB, ycTaHOBaeHHbix b 4>a3ax oómotkh. n m TpaHc<|>op- 
MaTOpOB TOKa BHÓHpaiOTCB oébl^HO OflHHaKOBHMH. ll03T0My, 
qTOÓbl ypaBHOBeCHTb BTOpnHHHe TOKH, npHMeHÍHOT Jinn 
rpynnbi BHyTpeHHHX (hhhchhx) TpaHC(J>opMaTOpoB Toxa cxeMy 

COejHHeHHH BTOpHHHbIX OÓMOTOK B TpeyrOabHHK. HtOÓU He 

nojiynHJiocb caBura (|>a3 Mentny btophhhumh tok3mh BepxHHX 
H HHiKHHX TpaHC4)OpMaTOpOB TOKa flH(j)epeHUHaabHOH 3amHTbI, 
coenHHenHe btophhhhx oómotok hhhchhx TpaHC<j>opMaTopoB 
i TpeyrojibHHK BunoaHínoT no cxeMe, cooTBeTCTBylomen 
Tpeyro:ibHHKy (J)a3 reHepaTopa. 

Bo3mohcho h oópaTHoe coeaHHeHHe TpaHC$opMaTopoB 
Toxa — BHeuiHHX b TpeyroabHHK, a BHyTpeHHHX, HMeiomHx b 
TpH pa3a MeHbUIHň K09<j)KUHeHT TpaHC(})OpMaUHH, B 3Be3fly. 
BbinojiHeHHaB t3khm oópa30M cxeMa HMeeT to npeHMymec- 
tbo, hto pearnpyeT Ha 3aMHKaHHH Mencay bhtk3Mh ojihoS 
(J)a3bi. 

a nOBbllUEHHE HyBCTBHTEJlbHOCTH nPOflOJIbHOfl 
AH4>EPEHUHAJIbHOÍÍ TOKOBOH 3Am,HTbI 

Hcnojib 3 oeaHHe peJie c T 0 pM 03 HbiMH oómot- 
KaMH. JXjin noBbinieHHH qyBCTBHTejibHOCTH AH(])e- 
peHunajibHbix 3amHT b cxeMax npHMeHHioT bmccto 
npocTtix pejie — MaxcHMajibHbie TOKOBbie pejie c 
T0pM03HbIMH OÓMOTKaMH (CM. TJl. V, § 8). 

3amHTa zuih reHepaTopa, oďmot-kh KOTOporo 
coea,HHeHbi b 3Be3Ay, BbinojiHHeTca npH stom b 
COOTB eTCTBHH CO CXeMOft (j)HT. VIII, 19. 

MiiHHMa^bHoe 3HaMeHHe i p . m { o> AH^epeHUHajib- 
Horo pe^e c topmo3hbimh oĎMOTKaMH aMepHKaH- 
CKHMH <|)HpMaMH npHHHMaeTCH paBHHM 2 5 % OT 

Í H0M HJIH. npHHHMan BTOpHHHblft HOMHHaAbHblft TOK 

reHepaTopa paBHbíM 5 A, i P . m (0) = 0,1 0,25 A; 

TopM03Hoe AencTBHe~10%. 

^HcfjepeHUHajibHbie 3amHTbi npH noMOiim pe^e 
c TopM03HbiMH o6motk3mh ocoóo xcejiaTeAbHbí AJ\n 
rn^poreHepaTopoB, r^e hhc;io bhtkob b oómotkc 

(|)a 3 bl ÓOJlhUie H T^e CHHECeHHH OTHOCHTeJIb- 

Horo HHCJia He 3 amHiueHHbix bhtkob (npH 3 aMbiKa- 
hhhx qepe3 R n ) noBbímeHHe qyBCTBHTeAbHocTH 
3 amHTM HMeeT 6 o^ee cymecTBeHHoe 3 Ha- 
qeHHe. 

Bo^biuoe 3HaqeHne hmciot 3amHTbi c T0pM03- 
HbiMH pejie h b reHepaTopax, oďmotkh kotopmx 
coeAHHeHbí b TpeyrojibHHK, tag 3a cqeT pa3^HH- 
Hbix TOKOB B TpaHC(j)OpMaTOpaX Íh6 MOryT HMeTb 
noBbímeHHoe 3naqeHHe. 

ZlH^epeHUHajibHaH TOKQBaa 3amHTa reHepaTO- 
poB, BbinojiHeHHaa no (J)Hr. VIII, 19, HaHĎojiee 
npaBHJibHO h nojiHOueHHO pa3pemaeT Bonpoc o 
qyBCTBHTeJIbHOCTH H Ce^ieKTHBHOCTH 3amHTbI. 
LUHpoKoro pacnpocTpaHeHHB, oahbko, TaKHe 3a- 
mHTbi b CCCP ao chx nop ne nojiyqHAH bcacact- 
Bne Toro, qTO Hanin 3aBOAbi He BbinycKajiH pejie 
HeoóxoAHMoro THna, a cymecTByiomHe 3am,HTbi 
AaBajiH AOCTaToqHO yAOBJíeTBOpHTeAbHoe penie- 
HHe Bonpoca. 

Apyrne eapnaiiTbi AH(|)epeHUHajibHoň 3ain,HTbi reHe- 
paTopoe. A ih 3amHTbi oómotok ciaTopa reHepaTopoB ot 
M eHcj,y4>a3Hbix 3aMbiKaHHH MoryT 6biTb npaKTHqecKH ncnojib- 
30BaHbi h apyrne cxeMbi. 


4>npMa AS EA npnMeHaeT cxeMy npoaojibHon AH$epeH- 
UHaabHOH tokoboř 3amHTbi reHepaTopoB, b kotopoh HcnoJib- 
3yiOTCí! Tpa«C(J)OpMaTOpbI TOKa C flByMH BTOpHHHWMH OÓMOT- 

K3mh ((})Hr. VIII, 20). O/wa napa btophmhwx oómotok 
TpaHc^opMaTOpOB Toxa coeflHHeHa nocjieAOBaTejibHo jupyr c 
ApyroM. BTopaa napa oómotok řoejiHHeHa no cxeMe Ha paB- 
HOBecne nanpHHceHHft h cjiy»HT juih uejien nHTaHHH pejie. 
AMnepBHTKH, co3^aBaeMMe BTopnqHbíMH o6motk3mh, bk3ío- 
qeHHbíMH no cxeMe nHpxy jihuhh tokob, ypaBHOBeuiHBaiOT 
aMíiepBHTKH nepBHHHblX OÓMOTOK TpaHC(J)OpMaTOpOB. PaĎOTa 
.npyroň napu btophhhhx oómotok b cxeMe Ha paBHOBecne 
HanpaHceHHH npn Taxnx ycjioBHax He BCTpeqaeT 3aTpy.aHeHHH. 

MaKCHMajibHbie TOKOBbie peae b Taxon cxeMe sammu 
npaKTHnecKH MoryT 6bub oTperyjinpoBaHbí Ha otho- 
CHTejibHO MeHbniHH i p tn , Tai< xax Ha Hero He bjihhct Hepa- 
BeHCTBo conpoTHBJíeHHH njieq, KaK b npocTon AH^epeHun- 


* A.nn. 



4>nr. VIII,19> CxeMa ^H^epeHqnaabHofi tokoboh 3amnTbi 
reHepaTopa c npHMeHeHneM peae c topmo3humh oÓMOTKaMH. 


ajibHoft tokoboh 3amHTe. BbinoaHeHHan t3khm o6pa30M 3amn- 
Ta óyjieT óoaee qyBCTBHTeabHOH no cpaBHeHHio co cxeMOÍt 
C UHpKyjIHpyiOmHMH TOKaMH H TeHepaTOpOB HeÓOabllIOH 
MOmHOCTH MOHCeT CayiKHTb 3aiUHTOH OT 3aMbIKaHHH Ha 3eM- 
JIK) B OJIHOH 4>33e. 

npn oópbiBe b uenn peae HenpaBHabHoro aeHCTBHH He 
np0H30HaeT. npH oópbiBe b tokoboh uenn He HcxaioqeHa 
B03M0)KH0CTb pe3KOrO B03paCTaHHH a B CBB3H C 9TI1M 

h onacHocTb HeceaexTHBHoro aencTBHH 3amHTM. 

LUHpoKoro pacnpocTpaiieHHH 9Ta 3amHTa noxa He no- 
ayqnaa. Heoóxo^HMO t3k>kc OTMeTHTb, hto nociaBajnomaH ee 
4>HpMa b nocaeaHee BpeMH naqaaa Taxnce coqeiaTb ee c 
peae C T0pM03HbIMH OÓMOTKaMH. 

BapnaHTOM An^epeHunaabHOH 3amHTM moíkho cqHTaib 
cxeMy c cyMMHpoBaHHeM nepBHqHbix tokob, T.'e. c npHMe- 
HeHneM Ha Ka>xnyK) (J)a3y ToabKo o^Horo TpaHC^opMaxopa 
Toxa THna 4>eppaHTH (4>Hr. VIII, 21). 

nepBHHHaH oÓMOTKa TpaHC(J)opMaTopa TOKa očpa30BaHa 
bxoahumh h BbixoaHbíMH KOHuaMH xaóeaH reHepaTopa, KO- 
Topbie BKaioqaiOTca b t3kom HanpaBaeHHH, qioóbi Hpa Hop- 
MaabHOM pejKHMe pe3vabTHpyiou;HH noTOK 6wa paBeH Hyaio. 
MyBCTBHTeabHOCTb T3K0H 3amHTU MOHCeT ÓbITb BeCbMa BU- 
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cokoh. fljiH ycTpaHeHHH i H $ npw bh&iiihcm noBpexcfleHHH He- 
oóxoahmo onecneqHTb no/iHyio chmmctphio nepBHHHbix npo- 
boaob no OTHCineHHio k MarHHiHOH uenw, htočh nojiHocTbio 
yHHqTOiKKTb B Heít MarHHTHbIH nOTOK. 

3HaqHTejibHbiM 3aTpy^H^HHeM b abhhom cjiyqae HBJíaeTCH 
KOHCTpyKTHHHOe BhinOJIHeHÍlé T3KHX TpaHC<j)OpMaTOpOB JWH 
Momnwx reHepaiopoB Bbicoicoro HanpHMíeHMB. 

npeHwyiuecTBa h B03M0HtHbie oóJiacTH iiphmchchhh no- 
cjiejiHHX BapHaHTOB 3amHTW nojuiencaT .aa^bKenuieMy yToq- 

H6HHK). 



4>wr. VIII, 20. npHHUHnw- <í>Hr. Vlil, 21./Uicj>epeHiU!- 

a^bHoe BbinojiHeHHe jih- aJibHaa 3amHTa c npniie- 

ÝepeHUHaJibHoň 3amHTbi HeHneM TpaHc<J)opMaTopOB 
THna ASEA. Tona THna 4>eppaHTH. 

10. OEmAfl XAPAKTEPHCTHKA 3AMblKAHH5I OflHOň 
4>A3bI OBMOTKH CTATOPA HA 3EMJIIO 

3aMUKaHHe oómotkh CTaTOpa Ha Kopnyc, 
paBHOCHJIbHOe 3aMHK8HHIO Ha 36M^IIO ( T3K KflK 
Kopnyc 3a3eM^eH), HBAHeTca OTHocHTe^bHO nacTbiM 
bhaom noBpeacAeHHft reHepaTOpOB. B Tex CAyqaax, 
Koraa cncTeMa reHepaTopHoro Hanpa>KeHHs HMeeT 
H30AHpoBaHHyio Hy-neByio TOHKy, qepes MecTo 
noBpe*AeHHH npoTeKaeT tok, oóycAOBAeHHbiii 
eMKOCTbio $a3 no OTHomeHHio k 3eMAe. ripn MejaA- 
AHnecKOM 33MbiKanHH c}.a3bi A Ha 3aacHMax reHe- 
paTopa <J)Hr. Vlil, 22) tok noBpeacAeHHH HMeeT 
MaKCHMaabHoe 3HaneHHe, a Ua — 0. 

Hy^eBaa tohk3 reHepaTopa HMeeT npn stom 
no OTHomeHHio k 3 eMAe HanpaHceHHe— U$, a 
HanpaHceHHa HenoBpeacAeHHbix $a3 

U B =U C =V^U 0 . (VIII,28) 

Mepe3 MecTo noBpeacAeHHa npoTeKaeT § 6) 
tok: 

Ajinax—3 0) CU* (VIII,29) 

npH paccMOTpeHHH 3aMUKaHHH b reHepaTopax, paóo- 
xaioiUHX Ha xojioctom >:o;iy, <})a3Hbie 9. a. c. npHHHMaioTCJi 
paBHblMH COOTBeTCTBylOlUMM (j>a3HHM IJanpniKeHHBM Ufi. 

npH BHVTpeHHeM 33MbIK3HHH B TOM Ke b (<}>Hr. VIII,23) 
Ha paccTOHHHH a bhtkob ot HyjieBoří TOHKH HanpHaceHHe 
noBpe«AeHHOH cj>a3bj no OTHomeHHio k 3eune 

^ = (Vlil,30) 

ha onpeAejineTCH cjieayiomHM BbipaHceHHew: 

L “ Af (VIII,31) 

npH 33MbiKanHH Ha 3eMJiio nepe3 R n (<J)Hr. VIII,24) 
(cm. ra. I, § 13) 

ha = J 3 ^CbaU A0i (VIII,32) 

rae b = —- i ~ +3fŘ~tí>Č - K09$wuHeHT no/iHOTbi 

3aMUKaHH5! Ha 3eMJIIO (cm. 1,42). 
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npH H3MeHeHHH BeJIHHHHbl R n OT OO flO 0 K09(j>HUHeHT b 
H3MenneTCH b npeaeaax ot 0 ao 1, a / 3a ot Hyjia .no I 3a max = 

/ 3 <oCa Ů 

RjmTejihHHŘ tok 3aMbiKaHHH Ha Kopnyc npea- 
CTaB^neT HeKOTopyio onacHOCTb yyae npn 3Haqe- 
hhh 4 — 5 A. rioAAepjKHBafl BOJibTOBy ayry Ha 
Kopnyc, 9T0T TOK npH AOCTaTOHHOHÍ BeAHHHHe 




4>Hr. VIII, 23. O^HO(J)a3Hoe 3aMbiKaHne Ha 3 eMaio Ha paccioa- 
hhh a bhtkob ot HyjieBoří tohrm reHepaTopa B CHCTeMe 
C H30JIHp0BaHH0H Hy/ieB0H TOHKOH. 


U A h 



<í>nr. Vili, 24. 0«Ho$a3Hoe 3aMbiKaHHe Ha 3eMaio qepe 3 nepe- 
xojiHoe conpoTHB.ieHne /? n> 

cnoco6eH npnqHHHTb ctbah CTaTOpa TaKHe pa3- 
pyuieHHa, KOTopue noTpeóyioT nepeniHXTOBKH 
fnepeóopKH) jihctob, a CAenoBaTeAbHO, ií So^buinx 
MaTepnaabHHx 3aTpaT, Bbi3BaHHwx peMOHTOM re- 
HepaTopa h yóbiTKaMH ot ero npocToa. 



n P H OAHO(J)á3HOM 33MbIK3HHH BCJI&ACTBHe nO- 
BUiueHHH HanpaaceHHa Ha HenoBpeHCAeHHHX <f>a3ax 
MoryT B03HHKHyTb 3HaHHTejibHue nepeHanpaace- 
hhh b cHcreMe, oĎyc^oBJíeHHbie xapaKTepoM rope- 
hhh nepeMeacajomeflca .nym. npofíoň hsojihhhh 
Apyroň 4»a3bi npHBoaHT k flBoňHOMy 3aMHKaHHio Ha 
3eMaio. 4epe3 MecTO noBpeatAeHHH (cTaab CTaTOpa) 
n P H 9TOM HpOXOflHT TOK Me3K,a;y4>a3HOrO KOpOT- 
Koro 3aMHK3HHíl. 

rioaTOMy samHTa BbicoKOBoabTHbix reHepa- 
TopoB ot 3aMUKaHHH Ha 3eMAio HMeeT BaacHoe 
3HaqeHne. 

B HaCTOamee BpeMa ee oóuhho ycTaHaBAHBaiQT 
Ha Bcex reHepaTOpax MomnocTbio 6 MW h BUtne, 
a TaKxce Ha bhcokoboam ihx reHepaTopax MeHb- 
rneň MomHocTH, ecAH tg.c 3aMbiKaHHH Ha 3 eMAio 
b CHCTeMe npeBbímaeT ~ 10 A. 

Hcnoab30BaTb aah ixeaeň 3autHTH reHepaTopa 
eMKocTHuft tok CHCT6MH reHepaTopHoro Hanpa- 
HCtíHHa, KaK h 3 amnTbi ceTefi, He peKOMeH^y- 
ctch (cm. ta. I, § 6, r ji. VII, § 5). FIosTOMy npH 
ocymecTBaeHHH 3amHT nayT Ha co3,aaHHe HCKyc- 
CTBeHHblX aKTHBHbIX TOKOB HeÓOAbmOfi BeAHHHHbl. 

II. 3A3EMJIEHHE HyjlEBblX TOMEK CHCTEMbl TEHE- 
PATOPHOrO HAnPÍDKEHHfl 

Zina aeflcTBua 3amHT ot oa,Ho$a3Hbix 3aMu- 
KaHHň Ha 3ewaK) HcnoAb3yeTca, KaK npaBHjio, 
HCKyCCTBeHHblft TOK 33MbIKaHHa Ha 3eMAK), KOTOpHŘ 
co3aaeTca 3a3eMAeHHeM HyaeBbix ToneK reHepa- 
TopoB hah ceTH reHepaTopHoro HanpaHceHHa 
qepe3 aKTHBHbie conpoTHBAeHHa. 3a3eMaeHHe 
HyaeBblX TOHeK HeOÓXOAHMO BbinOAHHTb TaK, 
hto6u tok 3aMbiKaHHa Ha 3eMJiio očecneHHBaa 
HaAeacHoe aeňcTBHe 3amHTbi. C apyroft cTOpoHU, 
tok 3aMbiKaHHa Ha 3eMAto He aoahcch npeBoexo- 
AHTb npeAeabHux 3 HaaeHH& c tohkh 3peHHa 
ero pa3pymaiouxHx ^eňcTBHii Ha CTaab CTaTOpa, 
a T3K5Ke no B03MOHCHOCTH H C TOHKH 3peHHH 

npeaoTBpameHHa nepexoaoB oaHo4»a3Hux 3aMu- 
KaHHfl Ha 3eMaio b ceTH b MHoro<|>a3Hbie. 

3a3eMaaiomee ycrpoficTBO BbmoaHaeTca TaK, 
HTOdbl no B03MOHCH0CTH yCTpaHHTb OnaCHOCTb OT 
qpe3MepHux nepeHanpaHceHHfi, oňycaoBaeHHbix 
h nepeMeacaioinefica BoabTOBOft ayroft (npn ot- 
cyTCTBHH KaTynieK FleTepceHa) a aTMoc^epHUMH 
aBaeHHaMH (npn h3jihhhh B03aymHUx ahhhS b 
ceTH reHepaTopHoro HanpanceHHa). 

Bo 3 HHi<aiouxaa npH 3aMHKaHHH Ha KOpnyc ayra 
npoH 3 BOAHT TeM čoAbinee noBpeacáeHHe CTaaH 
CTaTOpa, neM óoabraHň tčk npoxoaHT qepe3 MecTO 
noBpe>KaeHHfl h qeM npoaoaHCHTeabHee ropemie 
ayrH. 

npeaeabHaa BeananHa TOKa 3aMbiKaHHH Ha 
3eMAIO C TOHKH 3peHHH nOBpeHCíeHHH CTaaH 
CTaTOpa He aBAaeTca CTporo onpeaeaeHHOft. 
B CCCP o6h i iho npHHHTO 3a aonyeTHMbie tokh 
3aMbiKaHHH Ha 3eMAio CHHTaTb TaKHe tokh, npn 


KůTčpbtx yctpaHeHHe noBpexcaeHHfi CTaan CTaTopá 
bo3mo5kho 6e3 ero nepeuiHXTOBKH. 

no aaHHHM 3aBoaa „SaeKTpocHaa* AHaMeTp 

noBpeacaeHHOň 3 ohh, npn kotopom noBpeHcaeHHe 
MoaceT 6biTb ycTpaHeHo 6e3 nepeniHxroBKH, 
cocTaBaaeT npnMepHo 10 mm. 

Ha 0CH0B3HHH 9KCne P HMeHTaAbHblX paÓOT [JI. 6] 
AonycKaeMaa BeanMHHa TOKa 3aMbiKaHHH Ha 3eMjno 
onpeAeaaeTca no 9MnapHHecKoň <J>opMyae: 

(Vlil, 33) 

r^e c h n — K09(J>HUHeHTbi, 3aBHCam,He ot copTa 
H30ASHHH; 

t —- AAHTeabHOCTb TOKa. 

Zlaa H30AHu;Hfl THna A co;o3Hbix 3aBoaoB 
(MHKacpoAHfl Ha actpajibTOBOM aaxe) ti = 0,5; 
C = 126, AAH H30AHUHH THna III (MHKa^OaHft Ha 
mejijiaKe) n — 0,3; c — 69. 3th Koa^HUHeHTu 



<l>Hr. VIII, 25. 3aBHCHMOCTb aonycTHMoro TOKa 3aMaKaHHs 
Ha 3eMJiio ot BpeMeHH. 


MOHCHO npHMeHHTb TOAbKO AAH TOKOB ^0 300 A 
h t ao 4 cen. 

3aBO^ „SaeKTpocnjia" peKOMeH^oBaji He npe- 
BocxoaHTb tokob, onpeae^HeMux no (VIII, 33), 
HO C K09<J)HUHeHTaMH C = 91 H « = 0,4 He33BH- 
CHMO OT THna H30AHIIHH. 3aBHCHMOCTb / 3 *=/ (t ), 
nocTpoeHHaa no aaHHbíM 3aBOAa „SAeKTpocHaa", 
H3o6paaceHa Ha (pnr. VIII, 25 KpnBoň B, a no 
aaHHHM jiaóopaTopHH hm. npoip. CMypoBa — Kpn- 
BblMH A H C. 

JIah reHepaTopoB HanpaHceHHeM 10,5 kV h 
MontHOCTbK) 25 — 50 MW „PyKOBoasrajHe yKa3aHHa 
no peAefiHoň 3aniHTe* 1939 r. peKOMenaoBajiH 
noAb30BaTbca kphboA A ($Hr. VIII, 25), a A-aa 
reHepaTopoB toto ace Hanpa>KeHHa, ho MeHbmefl 
moiiihocth h reHepaTopoB aioďoB mouihocth c 
M eHbuiHM HanpaHceHHeM — k P hboB B. 
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Bo/iee no3flHHe SKcnepHMeHTajibHHe paóoTbi [JI. 71 
yTOHHínoT Bonpoc o MaKCHMa/ibHo AonycTHMbix TOKax 3 a- 
MUKaHHfl Ha 36MJHO. 

npH BejinqHHe Toxa 3aMHKaHHH Ha 3eM/no ot 4 a o 20 A 
noBpeHcaeHHH B ciaaH CTaTopa HeBeanKn, aance ecan tok 
AJIHTCH 10 — 20 MHH. 

MaJihifí TOK 3aMUKaHHH Ha 3eMJU0, He npnqnHíiH b aaH- 
HOM cayqae cymecTBeHHbix noBpeHCAeHnn cTaan CTaTopa 
npn aaHTeabHOM cymecTBOBaHHH Bbi3UBaeT HarpeBaHne nřo- 
jihuhh BOKpyr MecTa npoóoa. BcaeacTBHe SToro B03HHKaeT 
B03M0)KH0CTb npoóoa b Apyron TOMKe h nepexoaa iie3Ha- 


CorjiacHO P.y. no pejiefinofi 3amHTe 1938 r. 
[JI. 9] U d —500 V. 

npHBeaeHHbie 3HaqeHHH AonyoiHMoro Hanpa- 
3K6HHH (HanpatfceHHe Ha rpaHnue MepTBofl 3ohu) 
3HaqnTejibHO OTjinqHbí apyr ot Apyra h TpeóyioT 
yToqHeHHH. 

PacxoHcaeHHH b 3HaqeHHíix AonycTHMoro uanpHvKeHHH b 
3HaqHTeJ!bHoň wepe očmchhiotch TeM, hto HanpínxeHne 

B03HHKH0BCHHH AyrH AJIH MaiUHHbl 33BHCHT OT BHAA H30JIH- 



Ť ^ 9°n Pe ^ eHHfl CTaJIH reHepaTopoB npn 

3 oUA h í—'2,0 cex. no a3hhwm Jiaóopaiopnn hm. Cmv- 
pOBa (HaTypajibHaa BejinqnHa). 




wre;ibHoro noBpe>KAeHHH b óojiee onacHbin bha 3 aMbiK3HHH. 
C^eaoBaTejibHo, h npH Heóojibinnx Toxáx 3aMbiKaHH5i Ha 
36MJHO uejiecoo6pa3Ho bo3mo>kho óojiee óbiCTpoe oTKJiioqe- 
HHe reHepaTopa, ecjin sto mojkct óhiTb ocymecTBjíeHo npocTbi- 
mh cpeacTBaMH h AonycTHMo no ycjioBnaM paóoTbi cncTeMbi. 

Ha 4>nr. \ 111,26 n VIII,27 npnBeAeHbí ^oiorpatbiiH no- 
Bpex<A6HHH CTajin (naTypaJibHaa Be-umnHa) npn pa3JiHqHbix 
BeaHHHnax Toxa n pa3JiHHHoií xnmejibHocTH AencTBna 
AyrH [«/i. 7], 

Pa3Mep noBpe>KAeHHH ciajin npn pe 3 K 0 x\i yBejinqeHHn 
TOKa B03pacTaeT OTnocnTejibHo HesHamiTejiMio. 

Opii aaíiTejibHocTn Toxa 0.4 ceK. o6t>6m pa3pyuieHHH 
Ht npeBocxoAHT ~ 1 cm 3 , ecjin Be.mqiiHa Toxa He npeBoc- 
xoaht 400 A. ť 

Tlpn yBejinqeHHH Toxa ao 600 A h óojiee KpaTep b 
CTajni Ha MHoro He yBeanqiiBaeTCH, ho ciuibHO pa36pbi3rn- 
BaeTCH pacnjiaBaeHHbin Merajui, mo MonceT noBpeanTb H 30 - 

AflUHIO II BbI3B3Tb AOnOJIIIHTeJIbHbie 33MbIKaHHH. 

KaK noKa3biBaiOT npnBeAenubie onbiTHbie jraHHbie, ecTb 
OCHOB3HH5I Aa>Ke yBeJIHHHTb npHHHTbie MaKCHMaJIbHbie 3 Ha- 
qeHHH TOKOB 33MbIKaHHH Ha 3eMJIIO. HeOÓXOAHMO, OAHaKO, 
IlMeTb B BHAy, MTO npH AeBCTBHH 3aUTHT£>l OT 3aMbIKaHHft 
Ha 3eMJiio b KaóejibHOH ceTH reHepaiopnoro HanpH>xenH 5 i Ha 
cnrHaa hjih Boogme npn OTcyTCTBHH Taxon 3amHTbi ajih 
npeaoTBpauxeHHH nepevxora Kaóejieií n nepevoAa noBpencae- 
hhh b MHoro(f)a3Hbie AanTejibHo cymecTByiomnH I 3 max He 
Aoa>xeH, Kax y>xe yKa3oiBajiocb, npeBocxoanTb ^ 50 A. 


MHHHMajIbHblřl TOK 3aMbIK3HHH Ha 36 M 7 IIO, Heo6- 
xoAHMbift jhj ih hctbhh 3amHTbi, oĎbiqHO onpe- 
Ae^iaeTCH H3 yc^íobhh ^onycTHMoro qncjia He3a- 
mnmeHHbix bhtkob oómotkh CTaTopa. npe^ejibHO- 
nonycTHMOň jiojieň He3amnmeHHbix bhtkob a x 
cqHTaeTCH TaKoe, KOTopoMy cooTBeTCTByeT MaK- 
CHMa/ibHoe HanpH>KeHHe (c[)a3bi CTaTopa) no otho- 
nieHHK) k 3eM^e a£/^, He^ocTaToqHoe em,e ajik 
noAAepxcaHHH ^yrn b Mec?e noBpe5K^eHHH 


« _ ^*100 
U A > 


(VIII, 34) 


1/3 


rae Uo — MHHHMa.ibHoe Hanpa)KeHHe bo3hhkhob6* 
HHa iiyrn. 

no HeKOTOpbIM HeMeUKHM aaHHblM [JI. 8] Uů 
npHHHMaiOT paBHbJM 1 000 V. 
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4>nr. VIII,27. flOBpe^KAOHHe CTaAn reHepaTopa npn Ia—1 200 A 
n7=l,6ceK. no AaHHbíM jiaóopaTopnn HM.jCMypf Ba (naTy- 
pajibHan BejinqnHa). 

uhh, BeanqnHbí Toxa n yrjia CABnra (J>a3 Mexíay nanp?i>Ke- 
HneM h tokom. 

Ho OnbITHbíM UaHHblM [JI. 7] HCPJIHLUÍH H3 
Ha inejiJiaHHOM Jiai<e HnnpinKeHHe B 03 HHKHOBeHHíi nyní npn 
3 KTHBHOM TOKe nOBpe>KiieHIiH OT 40 AO 100 A nOCTOHHHO Ví 
paBHO^ 850 V. M 30 Jihuhh na me^Jiaice mnpoxo nenosí 3 veT- 
ca b MamnHax neMeuKnx cfnpM, no bmahm o mv, r. cooineTCT- 
bhh c*qeM hmh h npHHBMaeiCH nanpH>Keime boshiíkhl 3 íhn íí 
A yrn paBHbíM ^ 1 000 V. 

CoBpeMeHtibie MauiHHW coi03Hbix 33 Boaob " na nanpn>Ke- 
nne 6,3 n 10,5 kV BbinoanqiOTCH cnsoJiaunen n 3 MnxaaeiiTw 
Ha acíjíaabTOBOM Aaxe. 

OnbiTHbie 3HaqeHHH HanpnAveHnn B03iíHKHOBei;: ?i Ayr,: 
npn Taxon n30A5mnn n npn Tex >Ke ycjicbnnx ncnbiTaHBff, 
hto n b npeAbiAyuieM cavnae, ncAyqiiAHCb Aa>xe SHa^ni e.ibno 
Hn>xe 500 V (120 — 130 V). OÓTíJiCHřieTC?! sto Te\% mo ac- 
^aabioPbie Aaxn npn 3irjqnTejíbHOM HarpeBaiimi 112 o.ihuhh 
B biAeJiHioT óoabmoe KoannecTBO ropio^nx izz ob. axi hbho 
noAAepHínBaiomHx Ayry. 

MaKCHMa^bHO aonycTHMbift npoueHT H63amn- 
meHHblX BHTKOB npH pa3^HHřibIX AOnyCTIIMblX 
HanpajKeHHHX 6y.neT pa3^HHHbiM. ; 

JXjm renepaTopoB c HOMHHa^bHbui jiHHežHHM 
HanpajKeHHeM 6 300 V, HanpuMep, npH U d — 1 000 V, 
c yneTOM bo3mo)khocth noBbiujeHHH HanpHseHHB 
CTaTopa Ha 5% (J)opMy^a (VIII, 34) jaeT 
_ 1 000.100 _ o „ 01 

x JM.1,05^ 

V 3 

A^ia reHepaTopoB c ^HHefiHbíM HanpaHeHiieM 
10,5 kV 3HaneHHe npeflejibHO-aonycTHMoro npo- 
ueHTa He3amHUteHHbix bhtkob óyneT cootb6tct- 
BeHHO paBHO 16. 

Hcxoaa H3 onuTHUx AaHHbix, noKa3HBaioinHx, 
hto nyru MoryT HHÓrAa HOAAepiKHBaTbCH Hanpa>Ke- 
HHflMH, 3H3HHTeAbHO MeHbIUHMH 50 V, CAeAOBa^O 
6u ocymecTBAHTb cxeMH, o6ecneMHBaiomHe 3amn- 
Ty npaKTHaecKH Bcex 100 °/ 0 bhtkob CTaTopHOfl 06 - 

MOTKH. npHHHMaa BO BHHM3HHe M3AyiO BepOHTHOCTb 




onacHwx 3 aMHKaHHfi y HyjieBoň tomkh reHepaTopa, 
a Taxace CTpeMxeHHe HMeTb b cHCTeMe MeHbmHe 
tokh 33 MbiKaHHfl Ha 36MJHO h 6o.aee npocTyio 3a- 
mHTy, nacTO AonycKaioT, oah3ko [JI. 10), <^=30°/ 0 . 

12. CnOCOBbl 3A3EMJ1EHH51 HyjlEBblX TOMEK 

3a3eMJieHHe HyjieBOfli tomkh Kamnoro reHe- 
paTOpa. 3a3eMJieHHe HyaeBOň tomkh cncTeMH 
reHepaTOpHoro HanpsmeHHH bo3mohcho ocymecT- 
BHTb h^h 3 a 3 eMJieHH 6 M HyaeBwx TOMeK reHepa- 

TOpOB H^IH 3a3eMaeHHeM HCKyCCTBeHHO C03flaH- 
HblX HyaeBMX TOMeK CHCTeMH. . 

B nepBOM c-flynae Bce napaxxeabHO paÓoTaio- 
m«e reHepaTopbi(4)Hr. VIII, 28) 3a3eMaHioTCfl nepe3 
/?! , R u , R m . ECAH CMHTaTb, MTO npH HOpMaabHOM 
peatHMe paóoTH reHepaTopa cmkocth (pa3 cncTe- 
uu reHepaTOpHoro HanpaaceHHH CHMMeTpHHHbí no 


mero conpoTHBJíeHHH, h npn BbíMHCxeHHH 'tokob 
3aMbiKaHHfl Ha 3eMJiio hm npeHeópeMb, to 
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npn R x = í n e /? m — c^araioniHe tokob noBpe>K- 
aeHHfl, nocbiaaeMbix BceiuH reHepaTOÍpaMH k Me- 
CTy noBpeacAeHHa, OAHHaKOBbi. 

JIoctohhctbom cxeMH ABaaeTca ee npocTOTa / 
h HanexcHoe co3AaHHe TOKa 3aMbiKaHHH He33BH- 

CHMO OT B03M02KHHX H3MeHeHHfl B SKCnjIOaTa- 

uhohhom peacHMe paOoTbi reHepaTopa. Heao- 



4>nr. Vlil, 28. Co3flaHHe TOKa 3aMi>iKaHHsi na 3eM.no 
nocpeacTBOM pa 3 aejibHoro 3a3eM3ieHH8 HyjieBux ToaeK 
reHepaTopoB. 


OTHOnlQHHK) K 3eM^e, a 3. fl. C. He COnepHCHT BblC- 
niHx rapMOHHK, nepe3 3a3eM.nsnomHe conpOTHB- 
jieHHH TOKa He 6yaeT. i 

npn OAHO(pa3HOM 3aMbiK3HHn oómotkh reHe- 
paTopa Ha 3eM^ro, HanpHMep, b tomkc e TeHepa- 
Topa / ((Jwr. Vlil, 28), y,a,a;ieHHoa ot Hy^eBoň 
tomkh Ha paccTOHHHe ao^H a Bcex bhtkob, Mepe3 
MecTO noBpeíKneHHH npoň.r.eT I 3 . npeHeóperaa 
eMKOCTbHJ CHCTeMM 

/3=4i+4n + Iam. (VIII, 35) 

Ec^h ynecTb, mto HMnenaHc oďmotkh craTO- 
pa Maji no cpaBHeHHio c BejiHMHHoň 3a3eMxaio> 



VIlI,29.'BapnaHTbi Bbino.’HeHHn 3a3eMJiíuomnx ycTpoňcTP. 


CT3TK0M CXeMbl HB^HeTCH TO, MTO TOK 3aMbIKaHHí: 
Ha 3eMJiK> 33BHCHT ot MHC^ia pačoTatomnx reae- 
paTOpOB. 

Tax KaK 3aniHTy BHÓHpaiOT no HanxyxníeMy 
cxyMaio—AAHTe^bHOd paóOTe MHHHMa^bHoro MHC.ia, 
reHepaTopoB, to npH Bcex paSoTaroinux reHepa- 
Topax TOK 3aMHKaHHH Ha 3eMJIK) MO*eT 0Ka3aTb- 
CH 3H3MHTeJIbHO BUIUe AOnyCTHMOft BeJIHHHHbl. Bc 
H36excaHHe 3Toro npH napaji^e^ibHOň pašoTe 
,6ojibmoro MHCJia reHepaTopoB MacTb H3 hhx pa3- 
3 eM^IBK)T; 9TO, 0AH3K0, MOHteT nOBeCTH K HOBOĚ 
onacHOCTH—ocTaB^eHHio reHepaTopa 6e3 3auiHTbi 
npH noc^enyioniHX KOMMyTaiiHOHHWx nepeK^ioMe- 

HHflX. ' 

MT 06 bI COXpdHHTb BeJIHMHHU TOKa 33MbIKaHH5I Ha 3 e.M.lIC 
b aonycTHMbix npeaeaax h OflHOBpeMeHHo oóecneiHTb Tpe- 
óyeMoe mhcjto 3amnmeHHWx bhtkob, mioraa iiphmčhhiot 
cneunaabHue 3a3eManiomHe ycTpoficTBa. 

3aBHCHMOCTb TOKa 3aMbIK3HHH Ha 3eMJIK> OT IHCJia 3aM- 
KHyTblX BHTKOB. I 3 = /(<*) npH HOpMajlbHOM CHOCOÓe 3a3eM- 

jieHHfl HyaeBoň tohkh reHepaTopa npnBeaeua Ha $Hr. 
VIII, 29a. 

jjjih aeiicTBHsi sauiHTU Heo6xoAHM tok I' 3 , to b- 
btom c.Tynae MoaceT čbiTb 3autHmeno TojibKO 100 — a x 
bhtkob oČmotkh reiiepaTopa. Mto 6 u 3am,HTHTb 6ojibmyic 

2 n 



flOJIlO BHTKOB, HeOÓXOJIHMO nOBhlCHŤb h SpH 3a- 

•MHKaHHHX flOJIH BHTKOB a, 6jIH3KOfi K dx , HO B TO HCe BpeMfl 
npH 33MbIK3HHH C flOJieH BHTKOB CL = OCmax. —1 COXpaHHTb 
'h max b jionycTHMbix npe,nejiax. 

Ha (J)Hr. Vlil, 29 5, b h r npHBefleHbí 3a3eMjnuomHe 
yCTpOHCTBa, yAOBaeTBOpHIOmHe T8KHM TpeÓOBaHHHM^J 

flpH HopMajibHOM pe>KHMe paóoTbi renepaTopa (<£hi\ 
VIII, 29 6) conpoTHBjíeHHH / h // nojiHOcrbio BBe^eHu. flpH 
• 3aMbiKdHHH Ha 3eMJiio b npeaejiax 1 — a bhtkob í 3 HMeeT 
^seJiHqHHy, flocTaTOHHyio jxjih .newcTBHH 3amHTbi. Ilpn no- 
BpewfleHHH b npe^ejiax a — a t bhtkob npH nojiHOM aa3eM- 
JIHIOmeM COnpOTHBJíeHHH I3 MO>KeT OKa3aTbCH HeflOCTaTOH- 
hwm kjih flencTBHH 3aiu[HTbi. B 9tom cjiyqae ceKima / inyH- 
.THpyeTCH cnennajibHWM aBTOMaTOM. ripw 3aMHKaHHH c flo- 
jieH bhtkob B ueJiax oóecneqeHHH HeoóxoaHMoro npo- 
meHTa 3amHmeHHbix bhtkob myHTHpyeTca h ceKnna II co- 

>IipOTHBJ16HHa. 

Ha <j*Hr. VIII, 29 b 3a3eMJiaiomee conpOTHBJíeHne bh- 
nojiHeHo c noMombio Hcejie3Hbix jiaMn, hm6ioiu[hx caačo 3 a- 
BHCHMyio ot HanpHHceHHa xapaKTepncTHKy I 3 . 

Ha $nr. VIII, 29 r 3a3eMJisnomee ycTpoficTBo BbinojmeHO 

€ yrOJIbHUM COnpOTHBJieHHeM. flpH 3aMbIKaHHH Ha 3eMJIK> c 


OAHHM H3 CymeCTBeHHLIX He^OCTaTKOB 
CH TO, qTO qepe3 Hy-zieByio rnuHy, a c^e^OBa- 
TejibHO, h oďmotkh cTaTopa MoryT npOTeKaTb 
3 HaMHTe^bHHe ypaBHHTeflbHbie toku TpeTbefl rap- 
mohhkh (oóyc^OB^eHHue Heno^HOft CHHycoHaa^b- 

HOCTbK) <|>OpMbI KpHBblX 9. A- C.), BM3MB3H H3- 
jiHniHnň HarpeB. 

Btopwm HeAOCTaTKOM HB^aeTCH to, bto caMa 
3 a 36 M/iHH>maa niHHa MoaceT aBHTbca MecTOM 3a- 
MbiKaHHa Ha 3eM-/no, KOTOpoe k TOMy xce TpyflHO 
odHapyacHTb. npH 3aMHKaHHH Ha 3eM^io oSmotkh 
reHepaTopa nepe3 3a3eM^eHHyro uiHHy w oóMOTKy 
MOHteT npOXOAHTb TOK, OTpaHHHCHHHft TOJIbKO 

HMneaaHCOM 3aMKHyT0ft bctbh oďmotkh, h c;ie- 
AOBaTe^bHO, cnocoÓHbiň npHBecTH k Taxte^oMy 
noBpenyieHHio reHepaTopa. 

3a3eMjieHHe HCKyccTBfiHHo co3AaHHbix Hyjie- 

bwí TOHeK CHCTeMbi. HcKyccTBeHHaa Hy^eBaa toh- 




jpiir. VIII,31. 3a3eMJieHHe HCKyccTBQHHO co3aaHHoft HyjieBoii tohkh cbctcmu. 


<í>Hr. VIII,30. 3a3eMaeHHe 
nyjieBbix TOHeK reHepa- 
TopoB nepe3 ofímee co- 
npoTHBaeHHe. 

a>aj npHBOAHTca b fleiicTBHe aBTOMaTHnecKoe HaacHMHoe 
npncnoco6jieHne. HeflcTBna npyacHuu h sjíeKTpoMarHHTa 06- 
paTHO HanpaBJíeHbi. řípa MeHbiueM nncae 3 aMKHyTHX bhtkob 
pe3yabTHpyiomee na>icaTne óoabiiie. ConpoTHB.icHne npaK- 
THnecKH nponycKaeT npH jikjčom HanpHHceHHH oahh h tot 
ace tok. 

H3 npHBeaeHHbix cxeM b CCCP noxa HMeeT npeHMy- 
mecTBeHHoe pacnpocipaHeHHe ToabKO cxeMa 4>nr. Vlil,29 a. 

3a3eMJieHHe qepe3 conpOTHBjíeHHe, oňmee 
Wfl Bcex reHepaTopOB. Ec^h HyjieBbie tohkh Bcex 
reHepaTopoB coeaHHHTb Meacay coóoft xuHHOft, 
KOTopyio 3a3eM^iHTb coiviacHo $ht. VIII, 30 qepe3 
o6mee conpoTHB^eHHe, to I 3 b stom c^yqae He 
éyaeT 3aBHceTb ot nnc/ia paóoTaiomHX reHepaTO- 
poB. 

OAHaKo sra cxeMa 3a3eMJieHHH pacnpocTpa- 
«eHHH He no^yqH^a h He peKOMeHjiyeTCH no paay 
npHcymHx eň HeaocTaTKOB. 


xa co3naeTca nocpeacTBOM 3a3eM^aioniHX TpaHC- 
4 >opMaTopoB, ycTaHaBJíHBaeMux oďuhho no oa- 
HOMy Ha Kaacayio cncTeMy hah ceKUHio uihh. 
Hy^eBoň BMBoanepBHHHoň oómotkh Tanoro TpaHC- 
(jjopMaTOpa 3a3eM^aeTca qepe3 aKTHBHoe co- 
npOTHBJíeHHe. B KaneČTBe 3 a 3 eM^iaiomero TpaHC- 
^opMaTOpa MoaceT c^iyncHTb hjih oóuHHbift ch^io* 
BOft TpaHC<j)OpMaTOp C COeAHHeHHeM OÓMOTOK 
3 Be3fla-Tpeyro^ibHHK hjih cneuHa^ibHMň flpocce^b. 

npH HopMa^bHoft paóoTe nepe3 3a3eMJiaiomee 
conpOTHBJíeHHe tok He npoTeKaeT. IlpH 3aMbi- 
k3hhh 4>a3H reHepaTopa Ha 3eM^io b Tonne e 
(4>Hr. VIII, 31) qepe3 MecTO noBpexcAeHHH h 333eM- 
.nflioinee conpoTHB^eHHe TpaHC(|»opMaTopa npofl- 
Aět I 3 , nponopnHOHa^bHbift HHCJiy 3aMKHy rux bht¬ 
kob očmotkh CTaTopa a. 

B 9 T 0 fi cxeMe I 3 né 33 bhcht ot HHC./ia pa6o- 
Tajomnx reHepaTopoB h MO*eT npH nHTaHHH ot 
CHCT eMbi cyinecTBOBaTb nance npH Bcex oTK^noqeH- 
hux reHepaTopax, coBepmeHHO He BH3biBas Heoo- 
XOflHMOCTH B 333eM^ieHHH reHepaTOpHbIX Hy^eBUX 
BMBOAOB. 
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Tot ace pe3yjibTaT noayaaeTca np« HeKOTopou bhaoh3- 
MeHeHHH cxeMH 3a3eMJieHna, i<ai< sto yKa3aHO na <j>Hr. VIII, 31 
nyHKTHpoM. B juhhom CJivqae 3a3eMJieHHe HCKyccTB6HHo co3- 
aaHHOň nyaeBoií tohkh CHCTeMH ocyiuectBJíaeTca Taione no- 
cpeacTBOM TpaHc<J)opMaTopa, nepBnmiaa oÓMorica aoToporo 
coe/uniena b 3Be3ay c 3a3eMjieHHoft nar.iyxo nyaeBoři toikoB. 
BTopnanaa oďmotio coeAHHeHa b OTKpbrrufi Tpeyro/ibHHK h 
saMKHyTa Ha HeKOTopoe aoĎaBoaHoe conpoTH bjiohmc R. 
HeoóxoflHMO oTMeTHTb, hto ManiHToripoBOA Tpanc(j)opMaTopa 
aoaacen b btom cayaae BbinojiHHTbca c .lonojiHMTeJibHbíMH 
CTepacHaMH (JI. 9). 

CxeMa HMeeT cjie^yiomne HeAOCTaTKH. ripn 
mecTKOM npHCoeaHHeHHH 3a3eMJiflťomero TpaHC- 
<J)OpMaTOpa K UIHH3M HOBpe>KAeHHe B HeM paB- 
HOCH^bHO noBpeacAeHHio Ha uiHHax eraHUHH, B 
Tex cAyqaax, Korjia Ha ct3huhh HMeeica He- 
CKOJibKo ceKUHň reHepaTopHoro HanpaaceHHa, Tpe- 
6yeTCH yCT3HOBHTb 3a3eM^HK)Hiee yCTpoSCTBO Ha 

Ka*Aoň ceKitHH, hto ycAoacHaeT h yaopoHcaeT 
cxeMy. TeHepaTOp ao npHcoeAHHeHHa ero k uiHHaM 
Tpe6yeT AonoAHHTeAbHoft 3amHTbi ot 33MbiKaHHft 
Ha 3eMJiio. 

nosTOMy 3a3eMJieHHe HyaeBOň tohkh CHCTeMbi 
reHepaTopHoro Hanpa*eHHH bhhoahhiot c 3a3eM- 
jiaiomHM TpaHC(J)opMaTopoM ToabKO npn reHepa- 
Topax, HMeiomHx coeAHHeHHe cTaTopHbix oómotok 
b TpeyrojibHHK, hah Kor^a doAbmoe hx hhcao 
npHCOeaHHeHO K HeceKU,HOHHpOBaHHbIM MaiUHHaM, 
hah, HaKOHeu, b Tex CAyqaax, Koraa tok 3aMHKa- 
hhh Ha 3eMJ»o AOAKeH ajia 3amHTbi ceTH C03Aa- 
BaTbca TaKHce npa Bcex OTKAioqeHHbix reHepa- 
Topax (b CAyqae padoTU AaHHoň ycTaHOBKH hohh- 
acaiomeft noACTaHunefl). 

B OTjieJibHbix CAyqaax npn Hcn0Ab30BaHHH 
nepBoro cnocoda 3a3eMJieHHa -HyjieBbix ToaeK aah 
noAAepacaHHa AOCTaToqHOft BeJiHHHHH I 3 npa Ma- 
aom ancjie padoTaioainx reHepaTopoB npHMeHaioT 
KOMÓHHHpoBaHHyio cxeMy c 3a3eMJieHHeM reHepa- 
TOpoB h 3a3eMAHiomero TpaHC<J>opMaTopa, b Kaqe- 
CT-Be KOToporo Hcnojib3yeTca TpaHciJiopMaTOp 
codCTBeHHHX HyacA. Ilpn qpe3MepHOM yBeAHqe- 
hhh 1 3 aaČTb 3a3eMAeHHbix HyaeBbix ToaeK pa33eM- 
A8I0T. 

13. HCn0Jlb30BAHHE flH4»EPEHUHAJIbHO0 3AIU,HTbI 
KAK 3Aiii.HTbI OT 0flH04»A3HbIX 3AMbIKAHHH HA 

3EMJ1IO 

ripH paCCMOTpeHHH 3aiHHTM OT Me>KAy(J>a3HbIX 
noBpeHCAeHHá b reHepaTopax dwAo BHaoieHo, hto 
AOCTaTqaHo coBepiueHHOň 3amHToň b stom CAyqae 
HBAaeTca npoAOAbHaa AH^epeHUHaAbHaa TOKOBaa 
3amHTa. Bo3HHKaeT Bonpoc: HeAb3a ah 3Ty 3amnTy 
HCn0Ab30BaTb OAHOBpeMeHHO H KaK 3aiXÍHTy OT 
33MbIKaHHň Ha -3eMAIO? 

řípa 0AH0(f>a3H0M 33MbIKaHHH Ha 3eMAH> AeňCT- 
BHe 3am.HTbi 33bhcht ot BejiHHHHbí I 3 , onpeAe- 
AaeMoro xapaKTépoM 3a3eMAeHHa HyAeBoň tohkh 
CHCTeMbi reHepaTopHoro Hanpa>KeHHH. Ecah HyAe- 
Bue tohích CHCTeMbi He 3a3eMAeHH, to qepe3 Me- 
cto noBpeacAeHHa b oÓMOTKe reHepaTopa npbTe- 
KaeT TOAbKO eMKOCTHblS TOK CHCTeMbi. Bo BTOpHH- 

18 PeJieňHaa aaium 


hoS Hena TpaHciJiopMaTopoB Tona dyAeT npn stom 
HacTOAbKO He3HaaHTeAbHbiň tok, hto 3amHTa hah 
coBepnieHHQ He noAeňcTByeT hah odycAOBHT He- 
AonycTHMyio BeananHy MepTBOň 30hh. yqHTbiBaa 
sto h paA Apyrnx npaqHH (ta. II, §6, ta. VII, §5), 
HcnoAb30B3HHe eMKOCTHOro TOKa AA» ueAeň 3a- 
iu,HTbi He peKOMeHAyeTca. 

Ecah reHepaTop 3a3eMAHTb qepe3 aKTHBHoe 
conpoTHBAeHHe R, to npn OTHOCHTeAbHOM qacAe 
'33MKHyTbix bhtkob a. qepe3 MecTo noBpeacAeHHa 
(4)ar. VIII, 32), npeHeÓperaa BeAiiqHHoň conpoTHB- 
AeHHH oómotkh reHepaTopa, noAyqHM tok 

(VIII, 39) 

Hepe3 peAe noBpewAeHHOň 4> a3u A np.H stom 
6e3 yqeTa i H e npoxoAHT tok (ecAH reHepaTop pa- 



,ZlH<i>epeHUHaAbHaa TOKOBaa 3aiUHTa noAeňcT- 
ByeT npn 3 aMbiKaHHax Ha 3eMAio TOAbKO b tom 
CAyqae, ecAH qepe3 tokoboc peAe noBpexcAeHHoa 
4>a3bi npoxoAHT 

ipA íp- m- (VIII,43) 

npoueHT He3aui,HHieHHMx bhtkob a x onpeAe- 
AHTCH H3 (VIII, 42) h (VIII, 43): 

a.j.% = • 100. (VIII, 44) 

*3 max 

ip,a MaKCHMaAbHbIX TOKOBWX peAe B AHlJjepeHAH- 
aAbHoň 3amHTe. odbiqao BbidHpaeTca b npeAeAax 
0,2-í-0,4 íhom- CAeAOBaTeAbHo, 

a T = (0,2 -í-0,4) • 100. (VIII,45) 

l a max 
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ripn MaKCHMa^bHOM aonycTHMOM / s , onpeAe- 
jiaeMOM no (VIII, 33), npHMeneHHe AmfcepeHijH- 
ajibHoň cxeMH TaKace ajm 3amnTbi ot 3aMHKaHHfi 
Ha 3eMAK> C TO'IKH 3 peHHH flonycTHMoro 3Ha- 
neHHfl MepTBoft 30hh bo3mojkho TO^ibKO jyia reHepa-' 
TOpOB OHeHb MaJIOft MOUíHOCTH, HOMHHaJIbHblň TOK 
KOTOpux 6 ah30k k AonycTHMOMy 3HaneHHio I a *«. 
ŘaH MOmHbIX reHepaTOpOB, HOMHHa./IbHblfi TOK 
KOTOpux 3HaHHTejibH0 6o;ibme .aonycTHMoro- 
I ausV flH^epeHUHa^bHaa tokob3h 3amHTa b pac- 

CBOTpeHHOM BbinO^IHeHHH He MOJKeT CAyHCHTb 
3amHTOfl OT 3aMHKaHHň Ha 3eMAIO. 



fljia noBbímeHH^ nyBCTBHTeab- 
HOCTH |[H^epeHi;HaJIbHbIX 3aiUHT 
K 0£H0(j>a3HHM 33MbIKaHHHM HS 
SeMJIK) HeOÓXOAHMO BblIIOJIHHTb HX 
HepearHpyiomHMH Ha čoabinHe to- 
kh HeóajiaHca 4tf m ax n P H ckbo3hhx 
KO pOTKHX 33MHK3HHHX. 3T0 MOHCCT 
6biTb jtocTHrHyTO nocpeACTBOM 
aBTOMaTHqecKoro BbiBOjia H3 aeiicT- 



4>nr. VIII,33. fln^epeHUHajibHaH 3amHTa 

MOIIIHOCTH HyJteBOÍi nOCJiejXOBaTeJlbHOCTH. 


bhh 3amnT (HanpHMep, CHHTH6M c hhx onepaTHBHoro TOKa) 
Dpn 3HaHHTejibHbix CBepxTOKax nocpe^CTBOM peae Maxcn- 
MaabHoro Tona, BKaioueHHbix Ha jfHHefiHbie tokh h HMeiomHx 
fp.m> ip a 6 mgL x* B 3Tom cjiy^ae 3amHTa yace He mohcct 6biTb 
Hcnojib30BaHa npH Me>Kay(J)a3Hbix 33MbiK3HHHx b reHepaiope, 
TaK Kax óyaeT npH stom Taxace BbiBOflHTbcn H3 aeHCTBHH. 
KaK 3amHTa ToabKO ot oaHO(j>a3»bix 3aMbiKaHHfí Ha 3eMjiio, 
cxeMa nosTOMy MoaceT 6biTb BhinoaneHa nocpeacTBOM oiiHoro 
peae, BKaioueHHoro b HyaeBOH npoBoa HopMaabHoň aH(j?epeH- 
UHaabHOH saimrru hjih Ha pa3HccTb tokob HyaeBOÍI nocae- 
XOBaTeabHOCTH, co3AaBaeM6ň $ HJIbT P aMH * 

npaKTHHecKaa TpynHOCTb ccymecTBaeHHH Taxofi cxeMbi 
aaxaiouaaacb b oTcyTCTBHH*Heo6xojiHMbix tokobhx peae 
bhcokoh qyBCTBHTeabHOCTH, HMeiomHx Heóoabmoe conpo- 
THBaeHHe oÓmotkh io oóycaoBaHBaiomHe ncmoiiy aonycTH- 
MWe OTCOCH (CM. TJl. II, § 19). IlOSTOMy HeKOTCpbIMH <})Hp- 
v.aiAH Hcnoab30Baancb B3aMeH tokobhx peae moíiihocth 2, 
BKJiiOMeHHbie Ha (JwabTp moiiihocth HyaeBoň nocaeflOBaieab- 
■octh ($wr. VIII, 33). ÍIoayHaiomaHCH čxeMa HMeeT cbohctb 3, 
noxoóHbie 3amHTe MaKCHMajibnoň moiiihocth ajm jihhhř 
( ra. III, § 27). 

B nocaeaHee speMH npejiaoxceHbí tokobhc peae bhco- 
KOH ^jBCTBHTeabHOCTH c m a ji um COnpOTHBaeHHeM, paÓOTaiO- 
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mne Ha BbinpHMaeHHOM Tone, noaaBaeMOM ^epe3 nacumaio- 
mHHCír TpaHccJjopMaTop. 3amHTa c t3khm peae npHHiuniHaabHO 
floaacHa HMeTb uyBCTBHTeabHOCTb óoabmyio, ueM y 3auiHTM 
c peae MomHOCTH (<j*Hr. VIII,33), h He MeHbmyio qyBCTBHTeab- 

HOCTH OÓblHHO npHMeHHeMOH B HaCTOBUiee BpeMH 3aiUHTbI 
MaxcuMaabHOH moiiihocth c KOMnencauHeH Toxa HeóaaaHca 
(cm. ra. IX, § 15). IlosTOMy OHa, iok BectMa npocTan, \ioxceT 
noayuHTb b AaabHefimeM aocTaTOHHO HiHpOKoe pacnpodpa- 
ueHne. 

B CLUA npaKTHKyeTca 3a3eM^eHHe Hy^eBbix to- 
neK b CHCTeMe reHepaTopHoro HanpaHceHHH nepe3 

Xa^OOMHbie COUpOTHBJíeHHH, npH KOTOpbIX I 3 6^H30K 

k HOMHHa^bHOMy Tony reHepaTOpOB. B TaKOM c^y- 
nae AH^epeHUHa^bHaa 3 aiuHTaMoaceT c^y*HTb h 
3aipHToň ot 3aMbiKaHHň Ha 36MJHO, oSecnenHBaa 
HeóčxoAHMbift npoueHT 3aiu.HmeHHUx- bhtkob. 

npH 3a3eMaeHHH uepe3 MaaooMHbie conpOTHBaeHHH.3HaHH- 
TeabHO ynpomaeTCH 3auiHTa reHepaTOpOB. Bo3HHKHOBeHHe 
0HH04>a3HbIX 33MbIKaHHH B CHCTeMe c 3a3eMaeHHeM uepe3 
MaaooMHbie conpoTHBaeHHH conpOBOHcaaeTCH 3HaHHTeabHO 
MeHbHiHMH noBbímeHHHMH HanpHHceHHií b 3aopoBbix <j>a 3 ax, 
HeM 9T0 MOHCeT 6blTb npH 3aMblK3HHHX B CHCTeMax, 3a3eM- 
xeHHbix i iepe3 BHCoxooMHoe conpoTHBaeHHe. 3 to, HecoMHeH- 
HO, CnOCOÓCTByeT yMeHbUieHHK) BepOHTHOCTH flBOHHHX 33MH- 
K3HHH Ha 3eMaiO. 

HeaocTaTKaMH 3a3eMaeHHH uepe3 MaaooMHbie conpoTHB- 
aeHHH HBanioTCH: oriacHOCTb 3HauHTeabHHX pa3pymeHHH cTa- 
avl CTaTopoB reHepaTOpOB,* 6oabma« BeponiHOCTb nepexo^a 
OAHO$a3HbIX 3aMbIK3HHH Ha 3eMaio B ceTH b MHoro$a3Hbie, 
ocoóeHHo npH Tpexc})a3Hbix Kaóeanx HopMaabHoň KOHCTpyK- 
Hhh, ao hx OTKaiOHeHHH; yiopoHcaHHe 3a3eMaHiomHx ycTpoííCTB 
ua noacTaHiiHHx; HapymeHHe saeKTpocHaóixeHHH no- 
TpeóHTeaeíi npH 3aMbixaHHHx Ha 3eMaio Ha uiHHax, xoTopne 
aoancHH aBTOMaTHuecKH OTKaioqaTbCH. IlosTOMy 3a3eMaeHne 
^epe3 MaaoooMHbie conpoTHBaeHHH mohcct OKa3arbCH ueaeco- 
o6pa3HHM npH cxeMax ct 3 huhh, o6ecne*4HBaiomHx óecnepe- 
óoŘHocTb nHTaHHH noTpeóHTeaeH npn oTKaioHeHHH cexu,HH 
fflHH (HanpHMep, npH cxeMax c flByMH aBTOMaTH^ecKHMH 
BbixaioHaTeaHMH Ha saeMem) h npHMeHeHHH óbicTpoaeHCT- 
ByiomHx peae h BbiKaiouaTeaeH, ecan ^pyrne HenociaTKH 
no TeM Han ApyrHM npHHHHaM OK33HBaiOTCH HecymecTBeH- 

HUMH. 

14. 3AmřITA MAKCHMAJlbHOH MOI1I.HOCTH HyjIEBOň 
nOCJlEflOBATEJlbHOCTH C KOMOEHCAUHEfl TOKA 
HEBAJ1AHCA 

B Tex c^ynaHx, Kor^a nyBCTBHTe^bHocTb npo- 
AO^bHOň AH(J)epeHUHaflbHOfl 3aiH,HTbI H TOKOBOň 

3amHTbi Hy^eBoň nocAeAOBaTeAbHocTH (cm. tji. II, 
§ 19) OKa3biBaeTCH HeaocTaTOHHoň, npHxoAHTca 
npHMeHHTb óojiee c^oacHbie cxeMu 3aniHT m3kch- 
Ma^bHoň moiiihocth Hy.neBoň nocAeAOBaTeAbHocTH 
c KOMneHcauHeň TOKa Hefia^aHca. 

npHHUHn AefiCTBHH. npHHHHllHaAbHaH cxeMa 
3 amHTbi npHBeAeHa Ha (J)Hr. VIII, 34. CxeMa BbinoJi- 
HeHa c pe^e MaKCHMa^bHOň moiiihocth KOCHHyc- 
Horo Tnna 1. ToKOBaa oSMOTKape^e / npacoeAH- 
HeHa AH(J)epeHUHaAbHO k TpaHC())opMaTopy to- 
Ka 2, ycTaHOB^ieHHOMy b uena 3 a 3 eMfleHHH HyjieBoft 
tohkh reHepaTOpa, Ha 3 biBaeM 0 My HyjieBbíM, 
4 >H^ibTpy tokob Hy^eBoft nocJiejioBaTejibHOCTH 
(BHeniHHe TpaHC^opMaTopu TOKa). 06 motk 3 Ha- 
npftxceHHsi pe^e npncoeAHHeHa ko BTopanHoň 06 - 
MOTKe TpaHC(J)opMaTopa HanpaaceHHH 4, BK^ioneH- 


SCO 



Horo napa^e^bHO 3a3eMAsnomeMy conpOTHB/ieHHio. 

fIpHCOea.HHeHHe IIpOH3BOAHTCH TaK, HTO Pp, 
oóyc^OB^eHHaH tokom HyjieBoro TpaHajjopMaTopa 
TOKa, AeňcTByeT BcerAa TOAbKO b CTOpOHy ot- 
KAJOMeHHH. MomHOCTb, OÓycAOBAeHHaH TOKOM 
BHeiUHHX TpaHC(J)OpMaTOpOB TOKa, np« 33MbIKaHHH 
na 3eMJiio b 3amHmaeM0ň 30He AeňcTByeT b cto- 
poHy OTK^ioBeHHfl (npeAnoAaraa, hto b cHdeMe 
HMeeTcn eme oahh hjih HecxoAbKo 3a3eM^eHHHX 
Hy^eBbix ToneK), npn 3aMbiKaHHH BHe 3amHin,aeMO& 
30HbI B CTOpOHy TOpMOXCeHHH. . 

BTopHMHUft tok Hy^ieBoro TpaHc^opiviaTOpa 
Tona, npoxoaamHfl nepe 3 pe^e 

4 =~~ ’ (VIII,46) 

n m,H 

TAQ.n m . H — K 09 (J)HUHeHT TpaHCtJiopMauHH HyAeBoro 
TpaHC(J)OpMOTOpa TOKa. 

BTopn«iHoe HanpaaceHHeHa Hy^eBOM TpaHC<})op- 
MaTope HanpaxceHHH 



i 3 R 

n„ ’ 


(VIII,47) 


r^e n H — Kos^HuneHT TpaHC(J)opMauHH Hy^eBoro 
TpaHC<|)opMaTopa HanpBxceHHH. 

KaK BHAHO H3 CxeMbl, TOK, nHTaiomHň TOKO- 
Byro o6MOTKy pe^ie: 

x tp — 4 ta , (VIII, 48) 


ryje i e — noAHbiž tok ot bhciuhhx TpaHC<|>opMa- 
TOpOB Toxa, npoxoflfímHft nepe3 pe^e. 

npH HOpM3JIbHOM peHíHMe* 4 = 4(5, a 4 = 0. 
C^e^OBaTe^bHO, nepe3 pe^e npH popMaAbHOM 
pexcHMe npoxoAHT TOK i p =si u g. 

npaKTH^eCKH Í H g nO $a3e MOH<eT ÓHTb cabh- 
h>t no OTHomeHHK) k 4 Hapa3HbieyrAbi;noaTOMy 
b nocjieAyiomHx BbiBOAax Bceraa npHHHMaeT- 
ch bo BHHMaHne ero HaHMeHee BbiroAHoe no ycjio- 
BHHM HyBCTBHTe^bHOCTH HAH CeAeKTHBHOCTH 3a- 
mKTbi nanpaB^eHHe. 

Tax KaK npn HopMajibHOM peacnMe cor-aacHO 
(VIII, 47) u p OTCyTCTByeT (npeHeóperaa Hanpn- 
XC6HH6M HeCHMMeTpHH), TO 

P p = u p i p cos cp p = 0. (VIII,49) 

TaKHM ,o6pa30M npn HOpMaAbHOM pexíHMe 
3amHTa cpaóoTaTb He MoxceT. 

H3 Tex xce cooTHomeHHfl CAeAyeT, hto 3a- 
mHTa He AOAacHa AeftcTBOBaTb h npn BHeuiHnx 
Me>Kfly(|)a 3 Hbix 3 aMbiKaHHax. OAHaKO 4 <? npH stom 
MOJK eT pe3Ko B03pacTH ot 10—15 mA npn Hop- 
MajibHOM pexcHMe ao 1 — 2 A npn MeacAy4>a3HOM 
3aMbIK3HHH. 

flpH BHeuiHHX Me*Ay4>a3HbIX 3aMbIK3HHflX Ha 
3a>KHMax peae MOweT noHBHTbca Taxace 3HaaH- 
TeabHaa MomHOCTb, ofíycAOBAeHHaa HanpaaceHHeM 
HeCHMMeTpHH, BblCIIIHMH rapMOHHK3MH 3. A. C. 
reHepaTopa h rfaMarHHHHBaiomero TOKa TpaHCtjjop- 
MaTopa. Cnocoóbi npeAOTBpameHHa ee B03AeflcT- 
bhh Ha 3amHTy yKa3aHH HHxce. 

16* 


OAHo4>a3Hoe 3aMUKaHHe Ha 3eMJiio b 3ainn- 
maeiwofi 30He. Opu 0AH0(f)a3H0M 3aMbiKaHHH Ha 
seMAio oómotkh reHepaTopa, HyAeBaa tohkh ko- 
Toporo 3a3eMAeHa nepe3 BbicOKOOMHoe conporaB- 
aeHHe, <j)a3Hbie tokh h AHHeňHbie HanpaaceHHa 
oCTaroTca npaKTHnecKH HeH 3 MeHHbiMH. npeAno^a- 
raeTca, hto cucTeMa reHepaTopHoro HanpaHceHHa 
HMeeT 3 a 3 eMAeHHe TOAbKO b eAHHCTBeHHOň Toaxe, 
a HMeHHO b HyAeBoft TOHxe paccMaTpHBaeMoro 
reHepaTopa. 


v 


<řm\ VIII, 34. IIpHH- 
unnHajibHaH cxeMa 

3ailtHTbl MOIUHOCTH 
HyjieBoft nocjieiio- 
BaTeflbHOCTH C KOM- 
neiícanHeři TOKa 
HeóajiaHca. 



Tax KaK cyMMa <Jia 3 Hbix tokob Harpy 3 KH paBHa 
HyAio, to, npeHeóperaa. eMKocTHbíM tokom ceTH, 
le == Ih 6- 

Ecah MeTaAAHqecKoe 3aMuxaHHe Ha 3eMaio 

np 0 H 30 HIA 0 Ha paCCTOHHHH a BHTKOB OT Hy^eBoň 
tohkh oÓmotkh reHepaTopa, to tok, npoTeKaio- 
lu,hh qepe 3 3 a 3 eMAHiomee conpoTHBAeHne R, 

/ 3 == Su-^“IUD- /3m - ( vlII - 5 °) 

npH BbiOpaHHbix noAoacHTeAbHbix HanpaBAe- 
hhhx tok I 3 coBnaAaeT no 4>a3e c HanpaacenHeM 
noBpeacAeHHOň 4 )a3M Ua. Tok 4 ot TpaHC<{>op- 
MaTopa TOKa, ycTaHOBAeHHoro b HyAeBOM bhboag 
reHepaTopa, Ha3biBaeMbifl AaAee npocTO HyAeBbíM 
TOKOM, H BTOpHHHOe HaripaaceHHe HyAeBOl O TpaHC- 
(JjopMaTOpa HanpHHceHHH (HyAeBoe HanpaxfeHHe) 
coBnáAaeT no (Jjaae c tokom / (4>nr. VIII, 35). 
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143 cooTHomeHHň (Vlil, 46) h (VIII, 50) 

= (VIH.51) 

Hy^eBoe HanpaaceHHe 

«% u 0 a°/o /\/-llI ro\ 

a sír u p — 100 • — lou -«p maí , (VIII, 52) 


w 


“Pmax -* • 





. (VIII, 54) 


4>hi\ VIII, 35. BeKTOpHaa jmarpaMMa ajih c-uy^aa onHo4)a3Horo 
33MbiKaHH$i Ha 36 mjik) b réHepaTOpe npH cxeMe $wr. VIII, 61. 

CooTHOmeHHa Meacay OTaeabHbíMH BejiHHHHaMH, 
onpeAejiHiomHMH paóoTy cxeMbi, mohcho npeacra- 
BHTb rpa^HaecKH b npaMoyroabHoft CHCTeMe bceň 
KoopaHHaT (4>Hr. VIII, 36). FIo och opaHHaT ot- 
KaaflbiBaroTca BTopHHHue tokh, a no och aóc- 

UHCC U p H.7IH a%. 

Tok i H coBnanaeT nó <j)a3e c u p (<J)Hr. VIII, 35) 
h noBTOMy noaHOft CBoeň BenHHHHoň aeňCTByeT 
Ha pe^e b cTopoHy OTKjjioneHHa. Oh npaMO npo- 
nopuHoaaaeH u p h Ha 4>nr. VIII, 36 H3o6pa3HTca 
b BH,ae npaMoň /, Bbixoaameň H3 Haaajia Koop- 

AHH3T. 

řípa 33MbIKaHHIÍ B 3aiII.HmaeMOň 30He 

ip — ín — Íh6‘ (VIII, 55) 

npH 9TOM i H 6 BHÓHpaeTca no HanpaB^eHHio 

npOTHBOnO.lOHCHHM Í H , HTO C TOHKH 3peHHa HyB- 
CTBHTejibHOCTH 3anxHTbi aBaaeTca HdHMeHee 6aa- 
ronpHHTHWM cayqaeM. 

Be^HHHHa í H 6 onpeaeaaeTca npaKTHnecKH to- 
kom Harpy3KH h, c^eaoBaTeabHo, He 33bhcht 
ot u p h a. Ha 4wr. VIII, 36 rpaťJmaecKH tok i H s 
MOHceT 6uTb npencTaB^eH aByMa npaMbiMH 2' 
h 2", napa^e^bHbíMH och aScuncc, cootbctct- 
ByiomHMH OTpHuaTeJibHOMy h noaoxcHTeabHOMy 

3H3H6HHHM Í H 6- 

B COOTBeTCTBHH C (VIII, 55) ip' H306pa3HTCa 
aa <i>Hr. VIII, 36 b BHae npaMOň 3, napajuieabHoň 
npaMOň /. 


HT 06 bI 3atHHTa npH BHyTpeHHeM 3aMbIKaHHH 
Ha 36 mjik> noaeflcTBOBaaa, i p ' aoaaceH yaoBaeT- 
BOpHTb yC^OBHlO HyBCTBHTe^bHOCTH 

ip = Íh — Ih6 ^ ip.m- (VIII, 56) 

noaaťaa P p . m H3BeCTHOň h ot u p He 3aBHCa- 
mefi, onpeae^HM i p . m H3 cooTHomeHHa 


(VIII, 57) 



Ha <j)Hr. VIII, 36 i p . m , onpeae./iaeMbiň Bbipaace- 
HHeM (VIII, 57), H3o6pa3HTca paBuoóoKOft ranepSo- 
aoň (KpHBaa 4). 

ToHKa nepeceneHHH npaMOň 3 c KpHBOň 4 co- 
OTBeTCTByeT npe.ae.7iy qyBCTBHTeabHOCTH 3aiuHTbi; 
npH 3TOM 

ip =» ip . m ** i/í — Íh 6 t (VIII, 58) 

h u p ==u px . Ecáh Up<C_u px , 3antHTa npn 3aMbiKa- 
hhh b 3amHmaeMOň 30He He noaeficTByeT. B TaKOM 
caynae b COOTBeTCTBHH c (VIII, 53) npoueHT He- 
3álUHmeHHbIX BHTKOB , 

a x % — -100. (VIII, 59) 

i U P ni a x 

Ha (j3Hr. VIII, 36 a. x % onpeaeaaeTCa OTpe3KOM 
och aócnHCC, OTCenaeMbiM nepneHanKyaapoM H3 
tohkh nepeceaeHHH npaMOň 3 h KpHBOň 4. 

Ecan oaHo4)a3Hoe 3aMbiKaHHe Ha 3eMaio npo- 
H3ofta,eT b oĎMOTKe reHepaTopa, paóoTaiouxero 
Ha xojioctom xoay, to í H 6 — 0. C^eflOBaTe^bHO, 

B COOTBeTCTBHH C (Vili, 58) 

i'p=i H . (VIII, 60) 


TpaíJmqecKH 9 tot tok Ha 4>Hr. VIII, 36 npeA- 
CTaB^eH npaMOň 1. 

OnpeAe^aeMwň rpa^nnecKH tcm xce cnocoóoM, 
hto h Bbirne, a/ MeHbrne toto, k3khm oh 6 bui 
npH paóoTe renepaTopa hoa Harpy3K0ň. OAHaKo 
sto BepHo ^nnib b tom cayqae, ecAH kos^ihuhcht 
OTC pca npHHHTb paBHbíM Hy^iK), t. e. npeAno^araTb, 
HTO BTOpHHHblťl TOK OT TpaHC<J)OpMaTOpa TOKa nOJI- 
HocTbro npoxoAHT qepe 3 oÓMOTKy pe^e. B AeňCT- 
BHTe^b^tocTH K03c|)HUHeHTbi OTcoca npH Harpy3Ke 
H npH XO^OCTOM XOAe MOryT 6 bITb OTJIHqHbl OT 

Hy^a h MexcAy co 6 oh He OAHHaKOBbi. C^ieayeT 

HM6Tb B BHAy, HTO IIpaKTHHeCKH J]««p < \ KX . IlO- 
9TOMy ee^lH Í H 6 CHHHaeT HyBCTBHTeAbHOCTb 3a- 
mHTbi, to yMeHbmeHHe OTcoca npH Harpy3Ke 
yBejiHHHBaeT ayBCTBHTe^bHocTb. CaeAOBaTejibHO, 
pe3yAbTaT 33BHCHT OT Be^HHHHU í«6 H COOTHO* 

uieHHfl t\hoip h Ha3HaaeHHe npHMOň 5 h Bbi- 
paaceHHe aah TOKa ip Aano Hnace. 

CorviacHO (VIII, 58) tok, HeoóxoAHMbiň ajisi 
AeňCTBHH pe^e Ha npeaejie qyBCTBHTeAbHOCTH, 

ÍH a == Íp.m a ~\~ Íh6‘ (VIII, 61) 

npH paóoTe reHepaTOpa noA Harpy3Kofl i Hmax , 
npn kotopom MoaceT (jHTb oSecneaeHa HaA^exía- 
maa ayBCTBHTe^ibHOCTb 3am.HTbi, onpeAeJiaeTca b 
cooTBeTCTBHH c (VIII, 54), (VIII, 57) h (VIII, 61): 




P u 
* p.m u p max 




p max 


pa 


11 


pa 


(Vlil, 62) 


Taxoň Íh max oóecneqHBaeT HaAJieAcainyio qyB- 
CTBHTe^IbHOCTb 3 aiUHTU npH 33MbIKaHH3X Ha 36M^HO 
b npeAe^iax 3am.HmaeM0ň 30Hbi. 

Jlnn paccMOTpeHHoro cjiynaa 3aMHKaHHH Ha 
36Mjiio b reHepaTope c 3a3eM^eHHeM TOJibxo ero 
HyJieBOft TOHKH BH6UIHH6 TpaHC(J)OpMaTOpbI TOKa, 
coeAHHeHHue b cxeMy ro^bMrpHHa, 6h\nw. He 
HyacHbi. Ohh TO^bKO yxyAmaioT qyBCTBHTe-flbHOCTb 
3am,HTbi 3 a cqeT i H 6, a b o6meM CJiyqae eme h 
3a cneT OTcoca. 

TpaHc4>opMaTopbi „TOKa, coeAHHeHHbie b cxeMy 
To^bMrpHHa, HeoóxoAHMbi A-na oóecneneHHH ce- 
JieKTHBHOft paÓOTH npH OAHO(J)a3HbIX 3aMbIK3HHHX 
BHe 3amHmaeMofi 30Hbi. 

OAHOcpa3Hoe 3aMbiKaHHe Ha 3eMJiio BHe 3a- 
uuuiiaeMOň 30 hm. Tlpn. 0 AH 04 >a 3 H 0 M 3aMbiKaHHH 
Ha 3eM^io .bh? 3ámHmaeMOň 30 hh (Toaxa F 
4>Hr. VIII, 34) I 3 npoTeKaeT no nepBHHHOň 06 - 
MOTKe HyjieBoro h BHemHero TpaHe<J)opMaTopoB 
TOKa noBpeacAeHHoň <J>a3fci, HaMaAbiBaacb b no- 
cjieAHeM Ha tok Harpy3KH. 

Tax KaK cyMMa nepBHHHux tokob Hai py 3 KH 
Bcex Tpex (J>a 3 paBHa HyAio, to i e corviacHO (VIII,50) 
h (VIII, 53) 6 e 3 yqeTa otcocob h caaraiomeň TOKa 
Heča^aHca, b Hero BxoAflmeň, paBeH 


i 3 _«% 


tlm.e 100 tlm.e 


‘ le 1 


u 


v p max 


. (VIII, 63) 


Cor^acHO cxeMe npHCoeAHHeHHH i e HMeeT oó> 
paTHUň 3H3K no OTHomeHHio k i» h H3 Hero BM- 


HHTaeTCH. iu6 b A3HHOM cAyqae npnHHMaiOT Ha- 
npaBJíemibíM b cTopoHy, HaHMeHee BbiroAHyio ywe 
C TOHKH 3peHHH • CeAeKTHBHOCTH 3 am.HTbI, T. e. 
AeňCTByromHM B CTOpOHy 3aMbIKaHHH K0HT3KT0B 
pe^e h, caeAOBaTeabHO, HMeiomuM tot xce 3Kax, 
HTO H Í H . 

TaxHM oópa30M npH BHeuiHeM 3aMbixaHHH Ha 
3eMjrio Ha ocHOBaHHH (VIII, 54), (VIII, 55) h 
(VIII, 59) 

_ , . . _ . Up ( 

Ip — Ih ~p iu6 ie — Ih max -- -p 

u p max 

“f" Íh6 — ie m:x —-. (VIII, 64) 

u p max 



4>Hr. Vlil, 37. TpaijjHqecKoe cooTHomeHne BejimmH fljiacxeMbi 
3auiHTbi no ^nr. Vlil, 34 npn 3aMUKaHKH Ha 3eMJiio Biie^ 
3amnmaeMOň 3 ohu. 

Htoów 3 amHTa He noAeňCTBOBa^a npH 3 aMU- 
k 3 hhh BHe 3amHmaeMoň 3 ohh, npn bccx 3 Haqe- 
hhhx Up ao^hcho 6 uTb cod^ioAeHO yc^oBne ce^e- 
kthbhocth: 

ip = in~\~ Íh6 — ie <1 ip.m • (VIII, 65) 

TaKHM o 6 pa 30 M BHeraHHe TpaHc^opMaTopu 
TOKa, C03AaBaa i e HeoSxoAHMoň BeJiHHHHbí, MoryT 
očecnenHTb ce^ieKTHBHOCTb 3 aniHTU. 

n m . e BHeiHHHX TpaHC(j)OpMaTOpOB TOKa Heofíxo- 
ahmo ěpaTb HecxojibKO MeHbniHM, neM n m . K Hy^e- 
Boro TpaHC^opMaTopa TOKa; totas ie npn coot- 
BeTCTByioniHX 3 HaneHHHX Up cmohct KOMneHCH- 
pOB 3 Tb He TOJIbKO Í H , HO H l H 6 . 

rpa 4 »HqecKH i„, i H o h i p . m npeACTaB^eHH Ha 
4 »Hr. VIII, 37 COOTBeTCTBeHHO B BHAe npflMOfl 1 , 
npHMOň 2 h KpHBOň 4. KaK y*e yKa 3 biBa^ocb, i, 
npn BHeniHeM 3 aMMKaHHH no OTHomeHHio k i K 
HMeeT očpaTHHfi 3Hax. rpa<J)HqecKH i e , KaK tok 
T oace nponopunoHaAbHbiň u p , noKa3aH Ha 
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VIII, 37 b bh ae npaMofl 3, BbixoAameA H3 Ha- 
qana KoopAHHaT, ho pacnoAoaceHHoA b KBaApaHTe 
OTpHuaTeflbPux 3HaHeHHň tokob. 

Ec.!IH o603HaHHTb ig — Í H qepe3 imopM, to 

(VIII, 65) MoaceT 6uTb npeACTaBJíeHo b bhac 

ip := Íh 6 ímopx ip. m • (VIII, 66) 

rpafJmqecKH i m0 p M , onpeae^aeMbiň pa3HocTbio 
opflHHaT npaMbix 7 h 3, npeACTaBJíeH b BHAe npa- 
MOfl 6. ip npeACTaBjíeH npaMoA 5, napaAJieAbHoA 
npHMOfl 6 h oTCToameft ot Hee Ha 3HaneHHe op- 
AHHaTbl, paBHOň Íh6. 

ripaMaa ip OTceKaeT Ha och aócimcc 0Tpe30K, 
paBHbiň u ph p, Ha3MBaeMbiň KpHTKnecKHM Hanpa- 
aceHHeM. 

npH Up^Upxp Pp cooTBeTCTBeHHo paBHa Hy- 
aro njm AeAcTByeT b CTopoHy TopMoaceHHa. 

npH HanpaaíeHHax, MeHbuiHX KpHTHaecKoro, 
aepe3 TOKOByio oóMOTKy pe-ne npoTe«aeT i p , AeA- 
CTByiomHa Ha pejie b CTopoHy 3aMbiKaHHa koh- 
TaKTOB. TaKHM o6pa30M onacHbíM c tohkh 3peHHa 
ce^eKTHBHocTH HBjíaeTCH BHeuiHee HenoaHoe 3a- 
MbiKaHHe npH u p < u pKp . 3to mohcct ébirb npn 

3aMbIK3HHH B JIHHHH HAH Ha HIHHaX Hepe3 R n VIJIH 
npH 33MbIKaHHH B OĎMOTKaX nHTaeMblX TpaHC- 
4>opMaTopoB h napa^eabHO paóoTaiomHx MauiHH. 

PaccMOTpeHHaa 3a mim no cymecTBy ee cooTHouia- 
hhíí noaynaeTca Táicofl ace, ksk h 3amnxa MaKca iaabHoň 
moiuhocth c' KOMneHcauneft i H g (cm. rji. III, § 2 <). 

IlosTOMy ujih Hee TaioKe cnpaBeuJiHBO BbipaaceHHe Han- 
BuroAHeHiueíi moiuhocth TporaHHH (cm. i-ji. III, § 27). 

P p.m—°č- k H'ÍH6U px . (VIII, 67) 

O 

Bbióupaa b .naHHoft 3aiuHTe i e — i H 0, moucho 3a cqeT 
KOMneHcauHH i HÓ noHH3HTb P pm pejie moiuhocth, t. e. yBe- 
JIHHHTb qyBCTBHTeJIbHOCTb 3aiUHTbI no Cp3BH6HHK) CO CXeMOH 
3aiUHTbI MaKCHMaJIbHOH MOIUHOCTH 6e3 KOMnCHCaUHH TOKa 

HeóajiaHca (<|)Hr. VIII, 33). 

3to onpe.neJi5ieTCH TeM oócTOHTejtbCTBOM, hto npoHrpbim 
b qyBCTBHTejibHocTH, nojiynaioiUHHCíi npn abhhom / 3max 3 a 
cqeT toto, hto tok i H 3aHHHcaeTCH, BbiÓHpaacb MenbiiiHM i e , 
OKa3WBaeTC» moh^hihm BbíHrpuuia b qyBCTBHTejibHOCTH, on- 
peflejiaeMoro chhhcchhcm BejinquHbí P p%m . ■ 

flonojiHHTejibHoe noBbímeHHe qyBCTBHTejibHOCTH j^octh- 
raeTCH nocpeacTBOM noBbiuieHHH i 6 npH tom uce 1 3 max> 3a 
cqeT Bbióopa noHnacenHoro n m . e — BbinojiHCHHCM TpaHCíjjop- 
M3TOpOB C BTOpHHHblM HOMHHaJIbHblM TOKOM 10—20 A. Ilpe- 
neji 9TOMy noBbímeHHio CTaBHTCH B03pacTaHiieM otcocob b 
cxeMe TojibMrpHHa. 

CxeMa c TopMoaceHHeM (i m0 p M — U — 7«) b pac- 
CMOTpeHHOM BH^e HMeeT c^enyromne HeaocTaTKH: 

1) npn 6o^ibniOM HHCJie napa^iJiejibHO paóoTaro- 
hihx Ha uiHHbí reHepaTopoB cyMMapHbiň / 3mí , 
npoTeKaiomHft nepe3 MecTo noBpeacfleHHH, mohcct 
OK a3aTbca Ďo^brne MaKCHMajibHO nonycTHMoro; 

2) HeoóxoflHMoeTb b cneunajibHHx TpaHciJiop- 
MaTOpax TOKa, ynoBTieTBopaiomHX HaHBurojiHeň- 
UieMy COOTHOUieHHIO tlm.g H tlm. h", 

3) Hy^eBoň TpaHC^opMaTop TOKa, KaK pa6o- 
Taromaft npaKTHnecKH Ha xo^ioctom xo^y, 
yMCHbiueHHH Ha Hero OTCoca aotihcch HMeTb no 
B03M0HCH0CTH BblCOKHft HMneAaHC HayarHHHHBaHHH; 
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4) OTCyTCTBHe B03M0HCH0CTH pery7IHpOB3HHH 
3auiHTbi npH Ha^iaAKe b c^ynae 3HanHTe^ibHoro 
pacxoacAeHHH pacneTHoro h AeňcTBHTeAbHoro 
3HaneHHH i„ 6 . 

SauiHTa MaKCHMaAbHOfl moiuhocth 6e3 Hy- 
Jiesoro TpaHC(])opMaTOpa TOKa. Ha (jjnr. VIII, 38 
npHBeaeHa cxeMa, b KOTopoft k tokoboA oďmotkc 
peAe 1 noABOAHTCH tok He ot HyjieBoro TpaHC- 
(JjopMaTOpa TOKa, a ot Hy^eBoro TpaHC(J)opMaTopa 
HanpHjKSHHH 3 qepe3 AOĎaBOHHoe conpoTHBAe- 
Hne 2. 

BeAHHHiia r d AoSaBOHHoro conpOTHBAeHHH bu- 
6 npaeTca TaK, htoCh tok ot TpaHecJjopMaTopa 
HanpaHceHHH b tokoboA o6- 
MOTKe peAe COOTBeTCTBOBajI 
i H Hy^eBoro TpaHC(J)opMaTopa 
TOKa b cxeMe 4 >nr. VIII, 34 . 

npHHHHn AeACTBHH 3a- 
IUHTbl H OCHOBHbie COOTHO- 

iu6hhh, onpeAeAHiomHe ee 
nyBCTBHTeAbHOCTb npH 3 a- 
MbiKaHHHx b 3 aiuHmaeMOA 
30He, OCTaiOTCH 
TeMH ace, HTO H 
b npeAfewymeA 
cxeMe. /loĎaBon- 
Hoe conpoTHB^e- 
Hne ra, KOTOpoe 
TpeóyeTca ycTaHO- 
BHTb BO BTOpHHHOA 

uenn atih nojiyne- 
HHH ** m «. B ne P- 

BOM npHĎAHHCeHHH 
(6e3 yneTa ÓTCoca 
TOKa h nojiaraa 
z P <C ro) MoaceT 
6 uTb onpeAeAeHO 
H3 COOTHOUieHHfl 



rd' 


max 


.(VIII, 68) 


<í>Hr. VIII,38. npHHUHnnajibHaH 
cxeMa 3aiuHTbi MaKCHMajibHoň molu- 
hocth HyjieBoS nocjiejroBaTejibHOCTH 
c KOMneHcanHeň TOKa HeóajiaHca 
C OTKJIIOqaiOIUHM TOKOM, C03JI.aBa- 
eMblM HyJieBHM TpaHC4)OpMaTOpOM 
HanpHMceHHH.. 


npH BHeiHHeM 3a- 
MblKaHHH Ha 3eMJUO 
pejie He npnxouHT b 
AOHCTBH e, ecjiH qepe3 
ero TOKOByK) oÓMOTKy 
corjiacHo ycjiOBHio ce- 
jieKTHBHocTH npoxo^Hr 

TOK 


C = Íh6 + '« - ie < Vp. m , (Vlil, 69) 

rjre p < 1 — Koa^HUHeHT 3anaca. G 

3HaqeHHH Kos^nuneHTOB k H (VIII, 67) h p,jcaK noKa3M- 

BaeT aHaJIH3, CBH3aHH COOTHOUieHHeMI = [JI. 11]. 

Ha (Jjht. VIII, 39 KpHBaa 1 npH BWÓpaHHoft moiuhocth 
T poraHHH npeiíCTaBaqeT 3aBHCHM0CTb i p m =f(u p ).B cnoMO- 
raTejibHan KpnBaq 2 cooTBeTCTByeT 33 bhchmocth \i m = 
= f(u p )- 

ycjiOBHio cejieKTHBHocTH AeHCTBHH 3aiUHTbi, onpene^qe- 
MOMy (Vlil, 69), cooTBeTCTByeT KacaTeJibHaq k kphboh 2 H3 
tohkh (« = 0, / = i H é), npejiCTaBJíeHHaq Ha Vlil,39 b 
BHA 6 npHMOH 3. 



flpH — ^epes peae upoieKaeT tok 

*j* max ^ ** max ^ *«»ax- (VIII, 70) 

Ha cjjHr. VIII, 39 9tot tok onpenejineTCH rpa<|)HqecKH 
®pflHHaToíi KacaTejibHoft 3 npw 3HaqeHHH u p *=a pmnm 

JXnn oóecneqenHH cejieKTHBHOCTH aewcTBHH pexe npa 
BHeuiHHx 3 aMbiKaHHHX HeoóxoflHMO corjiacHo (VIII, 70 ) o 6 ec- 
neqHTb tok ot bhouhihx TpaHC(J>opMaTOpoB TOxa: 

max™ max "t“ *h 6 * p max * (VIII, 71 ) 

3 Han n m 6 TpaHc<JopMaTopoB TOKa h K 03 <}>HHHeHT otco- 
ca ^Hazp H cqHTan, hto Ha AHarpaMMe Bce BTopnqHbie toku 
O biJiH .naHbí c yqeTOM otcocob, mo>kho no nojiyqeHROMy 
H 3 (VIII, 72 ) 3 HaqeHHK) i & max onpeaejiHTb / 3max , KOTOpbiH 



Heo6xo.fl.HM jimi ceaeKTHBHoro aeHCTBHH 3amHTM h koto- 
puň AOJinceH oóecneqHTb HeoóxouHMbiH npoueHT 3anuiineH- 
HblX BHTKOB o 6 mOTKH CTaTOpa (100 — a^).* 


^3 max 1 . 


mazp 


(VIII, 72 ) 


CooTBeTCTByiomee 3a3eMJiniomee conpoxHBJíeHHe 


R 3 


U H 

i 3 max 


(VIII, 73) 


3amHTa m aKCHMajibHoři moiuhocth HyaeBOH nocJieAOBa- 
TejibHocTH 6e3 HyjieBoro TpaHC^opMaTOpa TOKa ao nocjieA- 
Hero BpeMeHH HMejia uiHpOKoe pacnpocrpaHeHJie. 

no cpaBHeHHio co cxeMoíi C HyjieBblM TpaHC(}>OpMaTOpOM 
Tona OHa HMeeT to npeHMymecTBo, hto ajih Hee He TpeóyeTcá 
cneunajibHbifi TpaHC(J)opMaTop TOKa. npn HajiaAxe yxce cmoh- 
THpOBaHHOÍ! 3amHTbI C03AaeTCH B03M0>KH0CTb nyTeM H3Me- 
neHHa peryjiHpoBaTb i p b cootb6tctbhh c nojiyqeHHbíM 
pacqeTOM. 

He^ocTaTKOM 3amHTbi HBJíaeTCa to, hto Ha ee paóoTy 
OKa3biBaeT bjihhhhc TewnepaTypa HarpeBa 3a3eMJiHK>m.Hx 
conpoTHBJíeHHH. CymecTBeHHoe 3HaqeHHe sto HMeeT b tom 
cjiyqae, ecjiH 3a3eMJiaioinee ycTpOHCTBO BbinojiHeHO H3 qy- 
ryHa, conpoTHBJíeHHe KOTOporo npn HarpeBaHHH 3HaqHTejibH0 
yBejiHqHBaeTca. 

ílpeji.ejibHO-AonycKaeMOH TeMnepaTypon HarpeBa ajih 
qyryHHbix conpoTHBJíeHHH npH aaHTejibHOM TOKe HBJíHeTCH 

t = 300 °. 


Bo3pacTaH«e conpoTHBJíeHHH qyryHHbix cnnpaieS mh 
HJiacTHH npH HarpeBaHHH hx ao stoh TeMnepaiypbi onpe- 
xeafleTCfl no <J)opMyjie 

R 3i b R [1 + 0,001 (t - t 0 )], (Vlil, 74) 
rxe = 35° — TeMnepaTypa oxpyHcaiomero B03xyxa, hjih 

R 3t = 1,265/?. (VIII, 75) 

OnpexejweMbiH H3 (VIII, 72) I 9 cooTBeTCTByeT yace Ha- 
rpeTOMy conpoTHBJíeHHio h. cjieAOBaTeJibHO, AOjnxeH Óhtb 
OTMeqeH HHAeKCOM t(I 3m&xt ). lípu XOJIOAHOM conpoTHBJíe¬ 
HHH / 3raax 6 yxeT OTJinqaTbcq ot f 8 maxt h b cooTBeTCTBHH 
c (Vlil, 73) h (VIII, 7p) MOHceT 6uTb onpexejieH no $op- 
Myae 

4max= 1 » 2 65/ amaxí . (VIII, 76) 


Hs (VIII, 76) caexyeT, qTo / 3maXf Heo 6 xoAHMbift na- 
xexcHoro xeHCTBHn 3 amHTbi h onpexejmeMHH (VIII, 72), npH- 
XOAHTCH BMÓHpaTb B 1,265 pa 3 a ÓOJIblHHM. 06 l>HCHfleTCfl 9 TO 
TeM, hto b cjiyqae oxHO^asHoro 3 aMbiKaHHH Ha 3 eMJiio BHe 
3amHmaeMofi 30 Hbi 3 a cqeT HarpeBa conpoTHBJíeHHíI/^ BHeia- 
Hero T^paHCcjJopMaTOpa TOKa noBpe>KAeHHOH <Ja3bi MOHceT 
yMeHbíHHTbcq b 1,265 pa 3 a. Bo CTOJibKO )ke pa 3 chh 3 htch 
npH 9 TOM H /g max . CHHHCeHHe HCe / 6max B COOTBeTCTBHH 
C (VIII, 70) MOHCeT BbI 3 BaTb HeceJieKTHBHOe A^HCTBHe 3 aiUHTM, 
Tax Kax HanpqixeHHe Ha 3 a 3 eMJi 5 nomeM conpoTHBJíeHHH 

I 3 fR 3 t> a cjiexoBaTejibHo, h tok i H ocTaiOTcn HeH 3 MeHHbiMH. 
ripn Bbióope / 3max corjiacHo (VIII, 76) tok 3aMbiicaHHfl na 
3eMjno npn BHeuiHeM 3aMUKaHHH xoth h CHH3HTCH, ho er® 
3HaqeHHe He ÓyxeT MeHbiue, qeM to HMeeT tok, onpexeaae- 
MbiH BwpaixeHHeM (Vlil, 72), t. e. Kax pa3 tok, HeoóxoxHMuž 
RX9L oóecneqeHHH ceJieKTHBHoro xeficTBHq 3amHTH. 

B Tex cjiyqanx, Korxa b CHCTeMe paóoTaeT He oxhh re- 
HepaTop h cymecTByeT HecKOJibKo 3a3eMjieHHbix HyjieBbix 
Toqex, pacqeTiiaq BejinqHHa TOKa 3 aMbixaHHH Ha 3 eMjno oh- 
peflejineTCH AByMH cocTaBJíntomHMH, a HMeHHo hzmmt 


h / 3 r max> rne I 32max f — aKTHBHbiií tok, oOycjioBJíeHHbiii 3a- 
3eMJieHH6M HyjieBoft tohkh 3amHmaeMoro reHepaTopa npH 
HarpeTOM conpoTHBJíeHHH, f 3Cmax — aKTHBHbiS tok, oóycjioB- 
jieHHbiii 3a3eMJieHneM HyjieBbix Toqex CHCTeMH. 

npH BHeniHeM 3aMbIK3HHH Ha 3eMJIK) 3aillHTa MaKCHMajIb- 
HOH MOIH.HOCTH He AOJIXCHa npHXOflHTb B fleHCTBHe He33 BH- 
chmo ot toto, KaKan BejinqnHa 3a3eMjiBioiuero conpoTHB¬ 
JíeHHH HMeeTca y samnmaeMoro reHepaTopa. 

B cooTBeTCTBHH c (VIII, 70 ) tok ot HyxeBoro TpaHc^op- 
MaTopa HanpnxceHHH npn u pmax 


^max — Vmax Í « <J ^ 


'^ma xt 
Tlm. g 


(l-W- (VIII. 77) 


npH 3aiibiKaHHH Ha 3eMJiio b npene;iax 3aiuHniaeMojl 
soHbí i p MeHHeTCH b 3 aBHCHMOCTH ot u p no 3 aK 0 Hy npHMOH 
jihhHh (npnMan 3 <}>nr. VIII, 37 ). 

npn Upy cooTBeTCTByioiueM 3 aMbiKaHHio Ha rpaHHue npe- 
HeJibHo-aonycTHMoro qncjia He 3 amHmeHHbix bhtkob, onpene- 
jineMoro BwpanceHHeM (VIII, 53 ), i p = l p , ma . ypaBHeHHe qyB- 

CTBHTCJIbHOCTH 3 amHTbI npH 9 TOM MOHCeT ÓhlTb npeflCTaBJíeH® 
B BHAe 


Tlm. š 


Pmax 


(VIII, 78) 


Peuian ero oTHOCHTejibHo nojiyqnM 


/# «max *p.ma 


u Pmar 




' ifič 


max 




*3Cmaj. 


(^ ^naep ) * 


(Vlil, 79 ) 
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Tlm. 9 



CpaBHHBaa (VIII, 77) h (VIII, 79), mcokho onpeAeaHTb 

CyMMapHbIH paC^eTHblH TOK 3aMHKaHHH Ha 36MJIK) 


pacH 
+ Íhó + *h6 


32 max ^acmax 
U Pmsx % n 




U Pm ax 


P- met u 


+ 


U„ 


p max 


pa 


rim. b 


1 —% 


(VIII, 80) 


p<* * / “ ‘tnaep 

rae ipm ax» Kany^e yKa3biBaaocb paHbrne, onpeaejiHeTCH rpa^H- 

qecKH ($Hr. VIII, 39). 

EcJIH 33MbIKaHH6 Ha 3eMJIK) npOH30HAOT IipH XOJIOAHblX 
qyryHHbix 3a3eM^aioiii,Hx conpOTHBjíeHHqx, to / Jmax OKa3bi- 
BaeTCH óoJibme pacqeTHoro, a HMeHHo 

^«?max “ I >265 I 32 max * -j- I 3 c mzx , (Vlil, 81) 

Pac^eTHMH tok Mo>xeT óbiTb onpeaejieH KaK cyMMa to- 
kob co dopoHbí 333eMji6HHOH HyjieBOH ToqKH 3am.H maeMoro 
reHepaiopa h co CTopoHbí bhciííhhx 3a3eMJieHHbix HyjieBHx 
TO^eK CHCTCMbl, T. e. 


/u n/iru — 


(VIII,82) 


půCH — 2 f 265 + ^max. 

M3 paccMOTpeHHH (VIII, 81) h (VIII, 82) cjieayeT, mto 


*3 max 


m 4-1 


rite 


*apacH 
m =» 


m+0,79 


(VIII,83) 
(VIII,84) 


TaKHM o6pa30M OKOHqaTejibHoe 3HaqeHHe ajjh /- 


c ytieTOM (VIII, 80) h (VIII, 83) MoaceT ÓbiTb npeacTaBJíeHO 

* n^.Cm + l) 

(^ ^nazp ™ ”1“ ^>^9) ^ 




X 


[ • típ max 

*"-vT 


* *hó + Íhó 


"p max 


P* 


■r 

1 p max I • 


(VIII, 85) 


npH pacqeTe HeoÓxoAHMo oóecneqHTb peKOMeHayeMoe 
íHcao 3amHmeHHbix bhtkob oómotkh CTaTOpa npH Bcex 
B03MO»HbIX HOpMajIbHMX AJIHTCJIbHbIX peiKHMaX. IlOSTOMy 
BeCbMa B32KHO npaBHJIbHO BblÓpaTb KaK nOJIHbIH TOK 3aMH- 
K3HHH Ha sevlJI^p, TaK H TOK 3aMblKaHHH Ha 3eMJIK) OT samH- 
maeMoro reHepaTOpa. 

1 3Z max , oóycjioBjíeHHMH 3a3eMjieHHeM reHepaTOpa, acejia- 
TeabHo HMexb TaKHM, qToóbi oh, He npeBbmiaH CBoero npe- 
lejibHOAonycTHMoro 3HaqeHHa, oóecneqnBaji peKOMeHAyeMbiň 

BpOUeHT3amHmeHHbIX BHTKOB. O^HaKO STO B03M0HCH0 TOJIbKO 

b tom cjiyqae, ecjin hhcjio napajuiejibHo paóoTaiomnx reHe- 
paTOpOB MajIO H MOmHOCTb HX He3Ha^HTeJIbHa. npH oaho* 
BpeMeHHoft pačoTe HecKOJibKHx AocTaioHHo MomHbix reHepa- 

TOpOB CyMMapHbIH TOK 3BMbIKaHH5I Ha 3eMJIK) B MeCTe 
noBpe>KAeHHH mojkct 0Ka3aTbfa HeAonycTHMo óojibíHHM. ílo- 
3TOMy CMHTaeTCH AOnyCTHMMM npH peAKO HMOíOLUHX MeCTO 
peiKHMax c MaabíM qHCJiOM paóoTaiomHX reHepaTopoB htth 
Ha noBbiweHHbiH nprueHT He3amameHHbix bhtkob, npn stom 
CHHKaeTCa K3K TOK / 3ímax> T3K h / 3max 

B cayiae napajuieJibHoň paóoTU HecKoabKHX mouihmx 
reHepaTopoB npH cymecTByiomHx TpaHC(})opMaTopax TOKa 
yjioBJíeTBopHTb yi<a3aHHbiM Bbíme, Aaace oóaerneHHbíM, yc- 
jiobham HHorAa, HanpHMep, Ha reHepaTOpax HanpHaceHHeM 
10,5 kV neB03M0iKH0. B TaKHX cayqanx npH a3hhoh cxeMe 
npHÓeraioT k AonojiHHTejibHOMy 3a3eMJieHHio eme h TpaHC- 
^OpMaTOpOB COÓCTBCHHblX HyHCA, nOCpeACTBOM KOTOpblX MO- 
KeT peryjiHpoBaTbCH tok / 3max b HeoóxoAHMbix npeaejiax. * 
ílpH HopMaJibHbix ycjiOBHHx paóoTbi HyjieBbie tohkh 
TpaHc$opMaTopoB iworyT óbiTb, HanpHMep, pa33eMJieHbi: tok 
SaMbI'K2HHH, HeOÓXOAHMblfi ACHCTBHH 3aiUHTbI, OÓeCneMH- 

b3£tch 3a3eMjieHHeM HyjieBbix to^ck reHepaTopoB. Ecjih npH 
H3MeHeHHH pe^KHMa CHCTeMbl OKa>KeTC5í, HTO TOK 3aMbIKaHHH 
Ha 3eMJiio ot paóoTaiomHX renepaTOpOB HeAOCTaToqeH, to 
BBOAHTCH B ACHCTBHe H 3a3eMJIH10mee yCTpOÍÍCTBO TpaHC- 
^opMaTopa, očecneqHBaiomee AonoaHHTeabHwš, HeočxoAH- 

MblH Aflfl AeHCTBHH 3aiI(HTbI, TOK. 


3amHTa MaKCHMaJibHOň mokuhocth Hyjieaoi 
nocJieAoeaTejibHOCTH c 3a3eMjienneM HCKyccTBea- 
ho co3AaHHOft HyjieBofl tomkh bh 6 3amHiu,aeMOň 
30Hbi. B KaMec^rBe 3amHTbi ot 3aMbiKaHHň Ha 3eMjno 
b oÓMOTKax CTaTopa MO»ceT 6biTb Hcnojib30BaHa 
TaKxce cxeMa, npHBe^eHHan Ha (})Hr. Vlil, 40. 3a- 
3eMJieHHe HyjieBOH tomkh b abhhom c^ynae ocy- 
mecTBJíneTCH nocpeACTBOMcneaHaJibHoro ycipoft- 
CTBa, ycTaHOBjíeHHoro Ha niHHax hjih b ceTH 
reHepaTOpHoro HanpatfceHHH, sjíeKTpHMecKH cbh- 
3aHHoro c #aHHoň cTaHuneň. 

CxeMa b ToqHOCTH čooTBeTCTByeT ywe paccMOTpeHHOH 
b rji. III, § 27 cxeMe MaKCHMajibHoft. moiuhocth HyjieBoil 
nocjjeAOBaTejibHOCTH c KOMneHcanHefi TOKa HečaJiaHca, npH» 
MCHne^lOH 3aiUHTbI OT 3aMbIK3HHH Ha 3eMJIK) B AHHHHX, 

h AaeT Te >xe pe3yjibTaTW, hto h 3amHTbi, paccMOTpeHHbie 
Bbíme b rji. VIII, § 14. 



<I>Hr. VIII,40. CxeMa 3amHTbi MaKCHMaabnoň moihiíccth Hy- 
jieBOH nocjieAOBaTejibHOCTH c KOMneHcauneH TOKa Heóajianca 
c 3a3eM;ieHHeM HyjieBOH ToqKH BHe 3amHmaeMOH 30Hbi. 

IIpH HopMajibHOM pe>KHMe paóoTbi reoMeTpH- 
MecKaa cyMMa nepBHMHbix tokob paBHa Hyjiio h 
H anpHHceHHe Mexc^y HyjieBOň tomkož reHepaTOpa 
h 3eMrfeň npHMepHO paBHOHyjno. npH 3aMbiKaHHH 
Ha 3eMJiio OAHOň H3 $33 Mepe3 MecTo noBpenciie- 
hhh h 3a3eM^Hiomee conpoTHB^eHne Hy;ieBOŘ tom¬ 
kh npOTeKaeT I 3 . HyjieBaa TOMKa reHepaTOpa no 
OTHOmeHHK) k 36M^e nojiyMaeT HeKOTOpoe Hanpa- 
xceHne, nponopuHOHajibHoe nncjiy 3aMKHyTux bht¬ 
kob. Hepespejie MaKCHMajibHoň mohíhocth npoftAeT 
tok, .aeňcTByiomHň Ha 3aMWKaHHe KOHTaKTOB. 

B naHHOň cxeMe, KaK h b npeAH.aymeM cjiynae. 
Ha pe^e B03AeňCTByi0T a sa ochobhhx TOKa: oahh 



JieflCTByeT B CTOpOHy OTK.UIOqeHHH — OTIWIIOMajO- 
mnft tok, h flpyroň b CTOpOHy topmomcchhh — Top- 
M03H0fl TOK. 

O^HaKo b AaHHoň cxeMe OTKjnoqaiomHft tok 
C 03jaeTca BHeniHHMH TpaHcifiopMaTopaMH TOKa 
(tok i e ). TopM03HOň TOK ímopM, JieflCTByiOmHft B 
CTOpOHy pa3MbIK3HHSl KOHT3KTOB pe./ie, C03flaeTCH 
TpaHC<i)OpMaTOpOM HanpflHceHHa, ycTaHOBJíeHiibíM 
Meacay HyaeBoň tchkoA reHepaTopa h 3e.Maeň. 
3HaqeHHe i,nop M peryjwpyeTCH ao6aBOHHHM conpo- 
THBaeHHeM rg (4mr. VIII, 40). 

Tok, HeoóxoaHMuň iwa aeflCTBHH peae npn 
3aMbiKaHHHX b 3amHinaeMofl 30He, onpeaeaaeTca 
ypaBHeHHCM qyBCTBHTeabHOCTH: 

tp — le í mopM in6 ip.m* (VIII,86) 

ypaBHeHHe ceaeKTHBHOCTH HMeeT bha 

4 === ÍhS ÍmopM <ip.m. (VIII,87) 

ZIOCTOHHCTBOM 3aiHHTbl HB^HCTCH TO, HTO h He 
33bhcht ot qHC.ua pačoTaiomHx reHepaTopoB. 
OaHaKO Ha CTaHIJHHX C CeKUHOHHpOBaHHbíMH IHHHa- 
mh aJia HaaeacHoro aeficTBHa 3amHTu aceaaTeabHO 
ycTaHaBaHBaTb 3a3eMJiaiomHe ycTpoflcTBa Ha Kaxc- 
aoň ceKUHH, hto yaopoacaeT 3amHTy h BHOBb 
C 03 aaeT B03M0HCH0CTb B03HHKH0BCHHH qpe3MepHO- 
ro no BeaHHHHe cyMMapHoro TOKa 3aMbiK3Hna Ha 
3eMaio qepe3 MecTO noBpe*aeHHa. ripn BKaioqe- 
HHHVeHepaTopaao MOMeHTa npHcoeaHHeHHa ero k 
iiiHHaM 3amHTa aeňcTBOBaTb He CMoaceT h TpeóyeT 
AonoaHHTeabHoro 3aniHTHOro ycTpoflcTBa, aeftCT- 
Byiomero ao npncoeaHHeHHa reHepaTopa k uih- 
HaM. 3amHTa noaTOMV h no HeKOTOpuM apyraM 
npHHHHaM (cm. ra. VIŇ, § 12) npHMeHaeTca peaxo, 
raaBHbíM o6pa30M aaa reHepaTopoB, HMeiom,HX 
coeaHHeHHe oómotkh cTaTopa b TpeyroabHHK. 

KoMĎHHHpOBaHHaa cxeMa 3am.HTbi Maiccn- 
MaabHoft moiuhocth HyjieBofl nocaeaoBaTeab- 
hocth [JI. 12]. Ha 4>Hr. VIII, 41 npHBeaeHa cxeMa 
3 amHTbi MaKCHMaabHoň mohjhocth HyaeBoň nocae- 
aoBaTeabHOCTH c^KOMneHcaunefl i H g, no cymecTBy 
Maao ueM oTanaaiomaaCH ot aio 6 oň H3 paccMOT- 
peHHUx Bbíme cxeM. OaHaKo OTaeabHue, npucy- 
iaHe KaaKaoň H3 paccMOTpeHHbix Bbiuie cxeM oco- 
óeHHocTH b aaHHoň cxeMe KaK 6 u oó^eanHaioTca, 
b pe3yabTaTe aero cxeMa no cpaBHeHHio c KaacabíM 
M3 npHBeaeHHux paHee BapHaHTOB noayaaeT ne- 
KOTopbie npeHMymecTBa. OcHOBHbie H3 hhx Taxo- 
bh: 

1) HyaeBofl TpaHCtJiopMaTop Tona, Hcnoab3ye- 
Mbifl b aaHHoň cxeMe hah nouyqeHHa pačoqero 
TOKa i H (4>ht. VIII, 41), BbióHpaeTca c TeM ace 

HOpMaabHblM KOSťJwUHeHTOM TpaHCtjjOpMapHH, HTO 
h BHeniHHe TpaHCcjiopMaTapbi Tona; 

2) Hcnoab30BaHHe B KaqecTBe paóoqero TOKa 
ot HyaeBoro TpaHC([)opMaTOpa TOKa no3BoaneT 
yCTpaHHTb BaHHHne HarpeBa 3a3eMaaioui,Hx conpo- 
THBJíeHHít Ha paĎOTy 3amnTu; 

3) yCflOBHH KOMneHCailHH Í H g T0pM03HbIM tokom 
ímopM ot uenn TpaHCtJiopMaTopa HanpaHceHHa co3- 


flaeT B03M0»{H0CTb npH HacTpoňKe 3amHTbt pery- 
jiHpoBaTb ero Be^inqHHy b 33bhchmocth ot .ueflcT- 
BHTe^IbHOrO 3H3qeHHH i Hg • 

4) npnHHToe Ha cxeMe (jwr. VIII, 41 npncoeAHHe- 
Hne TpaHc^opMaTopa HanpaHceHHH C03flaeT ycuoBHP 
JXAtt B03M0HCH0CTH HCn0^b30B3HHH 3 ailIHTbI H npE 
OTKJiioqeHHOM 3a3eMJiHK>meM conpoTHB^ieHHH re- 
HepaTOpa. B stom c-iyqae 3 amHTa pafioTaeT b 
TOHHOCTH K3K CXeMa (JlHT. VIII, 40 OT TOKa co 
CTOpOHbl UIHH. 

PacqeT 3 aniHTH mohcct óbiTb npoH 3 BeaeH b 
cooTBeTCTBHH c yxce paccMOTpeHHbíM b bune cno- 
coóom, ho c yqeTOM Toro oĎCTOHTe^ibctBa, hto b 
ABhhom cnyqae i B — i H n hto i m opM onpeAejiaeTca, 
HanpHMep, rpatJjoaHa^HraqecKH Kaic pa 3 HOCTb 
i t —4 b cxeMe (Jwr. VIII, 34. 

Tok b pe^ie npH 33MUKaHHH b 3amnmaeMoíí 
30He (yc^oBne qyBCTBHTe^ibBocTH) npa paóoTe 
o^Horo reHepaTopa 

i p = 4 ÍmopM — 4tf $5' ip. m- (VIII, 88 ) 
yC^OBHe Ce^eKTHBHOCTH HMeeT B»s, 
t p — le lmopM~T lag— Ipg — ImopM^Clp.m. (VIII,89) 

ÍIojiHbie cxeMbi 3amHTU. řípa paccMOTpe- 
HHH Bcex BapHaHTOB H^I^IIOCTpHpOBajIHCb TO^bKO 
npHHnHnna^bHbie cxeMbi 
3auaHTM. B AeŘCTBHTe^b- 
hocth cxeMbi 6ynyT He- 
CKO^bKO CflOHCHee. 06l3- 
acHaeTca 3to c^eayiomHM. 

CejieKTHBHOCTb neůcT- 
BHH 3amHTbI paCCMOTpCH- 
Hbix. cxeM npoBepa^acb, 
hcxoah h3 cnyqaH oaho- 
4>a3Horo 33MbiKaHna Ha 
3eMJiio BHe 3arnHmaeMoň 
30HbI. O^HaKO B CHCTeMe, 

Ha KOTopyio padoTaeT 
3amHmaeMbiň reHepaTop, 

MOryT B03HHKHyTb T3KHCe 
.0Byx<i>a3Hbie h ABOňHbie 
3aMbIKSHHH Ha 3eM^IIO, npn 
KOTopux ^K>6aa H3 pac- 
CMOTpeHHblX 3aiUHT MOHCeT 
no^eftcTBOBaTb Hece^eK- 
THBHO. 

npH 33MbIK3HHH Ha 3e- 
M^io ^qepe3 3a3eMJiaioiii,ee 
conpÓTHBJíeHHe npofl.ueT 
TOK, KOTOpblň MOHCeT 00- 
ycaoBHTb Ha^Hqne Hanpa- 
HceHHa Ha 3aacHMax pe^ie. 
npH 3TOM Í H g MOHCeT HMeTb 

BejinqHHy, 3HaqHTe^bH0 óo^ibinyio, qeM npH nop- 
Ma^ibHOM peacHMe, h nocnyHCHTb npnqHHOfl Hece- 
JieKTHBHOTO aeflCTBHH 3aiHHTbI. / 

Mtoďh coxpaHHTb AOCTaToqHyio qyBCTBHTe^b- 
HOCTb H H3ĎeHCaTb HeceJieKTHBHOrO fleflCTBHH 
3amHTW npn thkhx noBpexcfleHHHx, mohcho 6 bwo 
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4>Hr. Vlil, 41. Cxe.va kom- 

ÓHHHpOBaHHOfl 3ailUlTb} 
MaKCHMaabHOH MOIUHOCTH. 



<Óu bboahts BH^epatKy bpsmchh y samirra h 
yHHTHBaTb Toraa i H 6 no ycTaHOBHBnieMycH TOKy 
noBpeacaeHHH. OAnaKO btot cnocofi He hb^hctch 

yflOBaeTBOpHTeabHUM, TaK KaK OĎyCAOBAHBaeT 
oQbiqHO He^onycTHMoe 3aMea^eHHe AeňcTBHH sa¬ 
muraj KpoMe Toro pacneTHbie 3HaqeHHH TOKa 
Heóa^aHca noflynaioTCH npn HeM Bce Hte ÓOAbiiiH- 
mh, TaK KaK onpeAe^JHKiTCa nepBHHHHMH toK3mh 
íioBpeacfleHHH, npeBumaiotu,HMH MaKCHMaabHbie 
paóoHHe TOKH. 

B ue^iHX npeAOTBpameHHH Hece^eKTHBHoro 
OTKameHHa reHepaTopa 3aoi.HTy MaKCHMa^bHoS 
moiiihocth Hy^eBOň noaieAOBaTeAbHOCTH npa 
scex MHoro<f>a3Hbix noBpeacAeHnax CAeAyeT bh- 
BOAHTb H3 AeňCTBHa CneUHaAbHOň ÓAOKHpOBKOft. 

3Ta 6.aoKnpoBKa npeAOTBpamaeT Tanace bo3- 
M03KH0CTb HenpaBH^bHOrO cpaĎaTHBaHHH 3amHTbI 



4>Hr. VIII.42. ["IojiHaa cxeMa samma MaKCHMaabHoS nom- 
hocth c KOMnencanueň TOKa HeóaaaHca. 


a npa bhcuihhx MHoro(j)a3Hux 3aMbiKaHaax 6e3 
3 eí.WH, 3a cneT HanpaaieHHň HecHMMerpHH h bhc- 
íuhx rapMOHHaeCKHx b TOKe Heóa/taHCa h a. a. c. 
reHepaTopa. 

Bbino^HeHae óaokhpobkh npHBeAeHo b Ka- 
aecTBe npaMepa ajih cxeMbi 3 aumTM MaKCHMa^ib- 
ho8 moiahocth HyjieBoň nocAeAOBaTeAbHOCTH 6e3 
HyaeBoro TpaHcčjjopMaTOpa TOKa (4>ar. VIII, 42). 
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HanpaaceHHe noABOAHTca k pe^e 6 aepea 
HopMajibHO 3aMKHyTue KOHTaKTH npoMeacyTOHHO- 
ro pe^e 7. Ilpn oAHo4>a3HOM 3aMbiKaHHH oďmotkh 
reHepaTopa Ha 3eMAK> pe^e 6 3aMbiKaeT cboh 
KOHTaKTH H 9THM qepe3 BTOpyiO napy 33MKHy- 
thx KOHT3KTOB npoMejKyTOHHoro pe.ae 7 noAaeT 
n^roc Ha 3aacHMH BHxoAHoro npoMeacyTOHHoro 
pe^e 8 , KOTopoe AeňCTByeT Ha OTKJHoneHHe r./iaB- 
Horo h Hy^eBoro BbiK./noqaTe./ieň (ecAH TanoBoň 
ycTaHOB^eH), Ha aBTOMaT rameHHH no-nn h aBTO- 
MaTHHecKoe npoTHBonoacapHoe ycTpoňcTBo (npn 
ero Ha^HMHH). 

B MOMeHT BHeUIHHX MHOrO(J)a3HHX 33MHKaHHH, 
npH KOTOpbIX HMeiOT MeCTO 3HaHHTe^IbHUe TOKH 
noBpe)KAGHHH, 3amnTa c noMombio MaKCHMaabHux 

TOKOBblX peae 9 BHBOAHTCH H3 AeňCTBHH. 

npH OTKJiKiqeHHH nOBpeJKAGHHoro ynacTKa 
CBepxTOKH b oĎMOTKax reHepaTopa npeiťpauxa- 
IOTCH H 3aiAHTa OT 3aMbIKaHHň Ha 3e&UIK) BHOBb 
BCTynaeT b AeňcTBHe. Tok TporaHHH MaKCHMa^ib- 
hhx TOKOBbix pe^ie 9 , ÓAOKHpyroiiiHX 3amHTy, 
HCe^aTe^íbHO BHĎHpaTb ÓOAblIie MaKCHMaabHOrO 
TOKa neperpy3KH a^ih ocTaBAeHHH ee b paóoTe 
npH 9T0M HeHOpMaJIbHOM peHCHMe. ECAH TOHHblH 
pacneT TOKa TporaHHH ČAOKHpyiomHx pe^ie 3a- 
TpyAHHTe^eH, to ero BeAHHHHy BbiÓHpaiOT 
nopaAKa 1,7—2 ot HOMHHaAbHoro TOKa re¬ 
HepaTopa. 

HeOĎXOAHMO, OAH3KO, OTMeTHTb, HTO' B Ue- 
•7IHX nOBbímeHHH HaAG5KHOCTH AeflCTBHH ĎAOKHpOB- 
KH npH HeČOAblIlHX oTO^mKaX CBepXTOKOB H co- 
KpameHHH Ko^innecTBa noTpeóHHX pe^ie 6jiokh- 
poBKy qacTo ocymecTB^HioT ot tokobhx peae 
3amnTH reHepaTopa ot CBepXTOKOB. B stom crcy- 
nae 3amHTa Ď^OKHpyeTCH npH tokbx nopHAKa 
1,35 — 1,4 ot HOMHHa^ibHoro TOKa reHepaTopa. 

noA AeňcTBHeM nepBOHaqa^ibHoro líMny^bca, 
HecMOTpa Ha pa3pHB uenn HanpaHceHHH, pe^e 6 
no HHepuHH MoaceT BpamaTbCH b eropoHy 33 mu- 
K3HHH K0HT3KT0B H CpaÓOTaTb. 

nOBUUieHHH H3AC3KHOCTH AeftCTBHH 3aiHH- 

th Ha KOHTaKTax npoMeHcyTOMHoro pe^e 7 pa3- 
pbiBaeTcn eme h uenb onepaTHBHoro TOKa. Pa3- 
pHB mabKO nenH onepaTHBHoro TOKa oóhhho 
raK)Ke HeAOCTaToqeH, TaK KaK npn stom bo3mohc- 
ho HenpaBH^bHoe cpaóaTHBaHHe 3amHTH npH ot- 
KHIOHeHHH BHemHerO KOpOTKOrO 33MbIKaHHH, eC./IH 
pe^ie 7 BepHeTCH b ncxoAHOe no^OHceHHe paHee, 
qeM pe^ie 6 pa30MKHeT cboA HenpaBHHbHO 3aM- 

KHyBUlHŽCH KOHT3KT. 

Echh noBpexcAeHne npoH30ňAeT ao bkajohc- 
hhh rAaBHoro reHepaTOpHoro BHKAioHaTeAH, to 
c ^eAbio noBHHieHHH MHCJia 3amHmtaeMbix bhtkob 
oďmotkh reHepaTopa b stom peacHMe AOnycKa- 
k>t yBeAHneHHe TOKa, HanpaBAHiOHieroCH b toko- 
Byio oÓMOTKy pe^e. C 9 TOň ue^bio nacTb Ao5a- 
BOHHOrO COnpOTHBAeHHH 5 UiyHTHpýeTCH KOHT3K- 
thmh Ha Bajiy reHepaTopHoro BbiKAioqaTeAH. TaK 
Kaií i H oópaTHO nponopuHOHaAeH conpoTHBAeHHio, 
TO npn CHHHCeHHH BeAHHHHU COnpOTHBAeHHH OT- 



K^roqamHň tok B03pacTaeT. CejieKTHBHOcrb pa- 
6 ot« samHTbi npn TaKOM peacHMe, oneBHAHO, He 
MOMceT 6biTb HapyuieHa. 

HyjieBOS BbiK.z 1104 aTe.ab ycTaHaB^HBaeTca b Tex 
cflyaaax, Konia /, ma x HMeeT Óo^brnne 3HaaeHHH h 
3TO TpeóyeTca b cootbctotbhh c (VIII, 33). Bhct- 
pbiň pa3pbiB uenn TOKa 3aMbiKaHHH Ha 3eM./no c 
noMombio BbiK^ioHaTejia ycTpaHHeT onacHOCTb 
flono^iHHTe^bHoro pa3pymeHH5i CTa^iH CTaTopa, 
TaK KaK aBTOMaT rameHHH no-aa (cm. HHxce) pa- 

óoTaeT aocTaTOHHO mcajichho. 

3a cneT npHMeHeHHH BbicoKoqyBCTBHTe^bHMx 
pejie MaKCHMajibHOň moiuhocth h cxeMbi c kom- 
neHcauHeft tokob Heóa^aHca 3am«Ta b paccMOT- 
peHHOM BbinojiHCHHH no.nyqaeTCH aoct3tohho qyB- 

CTBHTe^lbHOň npH TOK3X 3aMbIK3HHH Ha 36M./IIO, 
AonycTHMbix no ycjiOBHio BuacHra CTajra CTaTopa. 

ŠamHTa MaKCHMajtbHoft mohihocth Hy^ieBoň 
nocJieaoBaTe^bHOCTH bubo^htch H3 aeňcTBHH npn 
óo/ibninx 3HaneHHHX 4>a3Hbix tokob, o6yc.ziOB.7ieH- 
Híáx JiioĎbíMH npHHHHaMH. 3to, OflHaKO, cymecT- 
BeHHoro 3HaneHHa He HMeeT, Tax KaK npn BHern- 
hhx 3aMbixaHHax Ha 3eMJiio npoflO^bHaa flHijjepeH- 
una^bHaa tokob3h 3amnTa reHepaiopa HB^aeTca 
pe3epBHOň h npn npoóoe Ha 3eM.zno b CTaTope 
otkjiiohht reHepaTop. KpoMe toto npHXOflHTca 
y4HTblB3Tb, HTO HMeHHO Ó-ZiarojapH Ó^OKHpOBKe 
3am,HTbi npn BHeuiHnx noBpeacfleHHax yaaeTca 
nO^yHHTb AOCTaTOHHyK) HyBCTBHTejIbHOCTb 3a- 
mHTbl npH aOnyCTHMOŽ BeJIHHHHe I 3 mas. 

npH ĎJIOKHpOBKe pacqeT 4yBCTBHTe.7IbHOCTH 
3amHTbi npoH3BO^HTca c yaeTOM He MaKCHMajib- 
hmx i H s npn ckb03hmx Me5Kfly(|)a3Hbix 3akbiKaHHax, 
a i„6 npn na™qHH b nepBHHHbix oÓMOTKax TO.zib- 
KO MaKCHMa^IbHblX TOKOB Harpy3KH, COOTBeTCT- 
Byjomnx ip. m ĎJiOKHpyromHx pe.zie. 

3a3eM^aiomee conpoTHBJíeHHe reHepaTOpa pac- 
cnHTbiBaeTca, KaK npaBH^o, Ha A^HTe^bHHň tok 
h He OTK^nonaeTca npa BHeniHHX 3aMbiKaHHax b 
ue^ax yMeHbuieima nepeHanpaxceHHii, bo3hhk3io- 
iu.hx npn 3aMbiKaHnax Ha 3eMJiio b HeKOMneHCH- 
poBaHHOň cera 3a cqeT nepeMeacaiomeťtca ^yrn, 
OÓyCJIOB^eHHOň eMKOCTHblM TOKOM lc . GonpoTHB- 

yieHHa, paccnHTaHHbie Ha KpaTKOBpeMeHHoe npo- 
TexaHHe TOKa h noaTOMy aBTOMamnecKH otkjiio- 
aaeMbie npa a^HTe^bHwx OAHo4>a3Hbix 3aMHKa- 
hhhx b Kaóe^bHbix ceTHX, MocyT Bbi6npaTbca 
TO^bKO npn / ( < 5 A hjih npn yeraHOBKe b ch- 
CTeMe Ayroracamnx annapaTOB. 

Heodxo^HMO TaKxce yqHTbiBaTb, hto conpoTHB- 
•ZieHHH, paCCHHTaHHbie Ha ,H.7IHTe.7IbHblft TOK, npH- 
xo^htch HHoraa ycTaHaB^HBaTb Ha reHepaTopax, 
paĎOTajomnx na B03ayuiHbie cera, b ue-ziax 3a- 
utHTbi CTaTOpHbix oómotok ot aTMOC<|>epjibix ne- 
peHanpaaceHHfl. 

B uejiíix oóecneMeHHí! nane>KKoro achctbuíi 3 amHTbi reHe- 
paTOpa b cudeMax, He HMeiomnx samHTbi ot onHO£j)a 3 Hbix 
SaMbiKaHHň KaóeJibHOH ceTH, hjih npH paóoie TaKofi 3 amHTu 
Ha cHrHaji, Kor^a AaHTejibHO cymecTByiomHH I 3max He .aojnKeH 
npeBoexoAHTb npHMepHo 50 A (cm. tji. VII, § 5), HHoraa npe- 


AycMaipHBaioTCfl cxeMbi c HopMa.ibHo myHTHpoBaHHoň sacTbio 

COIipOTHBJíeHHH B COOTBeTCTBHH C fyur. VIII, 43. 

3iy cxeMy ue^ecoo6pa3HO npHMeHHTb Taoce b ueanx 
9KOHOMHH KOJIHHeCTBa CeKIJHH 3a3eM^HIOIUHX COnpOTHBJíeHHH 
H yMeHbineHHH TOKa npH AJIHTeJIbHblX, aBTOMaTHHeCKH He 
oTKJiióHafeMux 3aMbiKaHHHx Ha 3eMJiio Ha iiiHHax reHepaiop- 
hoto HanpHHceHHH. 

HopMaJibHo BHKjno^aTeJib myHTHpyeT nacTb conpoTHB- 
fleHHH, paccHHTaHHyio Ha AJiHTejibHuři tok, h nocjieAHHH 
onpejaejiíieTCH Biopoň qacTbio conpoTHBJíeHHH, paccHHiaHHofi 
Ha KpaTKOBpeMeHHblH nOJIHbIH TOK 3aMbIKaHHH Ha 3eMJIK). 
Hepe3 BpeMH, aocTaTOHHoe ajih cpaóaTbiBaHHH 3amwT ot 3aMbi- 
K3hhh Ha 3eMJiio reHepaTOpa h ero ceTH (npn H3 jihhhh iaKo- 
boh), nocpeACTBOM peae MaKCHMaabHoro HanpHxceHHH Bbi- 
KJiioqaTeAb OTKJiioqaeTCfi, h tok CHHHcaeTca ao BeaHqHHbí, 
onpeAeaneMOH cyMMoň oóeHx qacTeft conpoTHBAeHHH. Ha 
AAHrejibHoe cymecTBOBaHHe 9Toro Tona AOAAcna 6biTb pac- 
cHHTaHa, oqeBHAHO, h Ta qacTb conpoTHBAeHHH, KOTOpaa 
KpaTKOBpeMeHHO nponycKaeT Becb tok. 



TpaHC^OpMaTOpOM TOKa 
THna 4>eppanTH. 


JXjih yMeHbuieHHH pa3pymeHHří cTaJiH CTaTopa ocHOBHaR 
3amHTa reHepaTOpa ot 3aMbiKaHHfi Ha 3eMAio AencTByeT Ha 
yKa3aHHbiH uiyHTHpyiomHH BbiKJiioqaTeJib. Ocoóoro BToporo 
BbiKAioqaTeAH b uenn 3a3eMAeHHH cxeMa He TpeóyeT, T3K 
KaK nocjie OTKJiioqeHHíi uiyHTHpyiomero BUKAioqaTejiH tok 
3aMbIKaHHH Ha 3eMAIO CHHHCaeTCH AO BeJIHRHHH MeHbine 20 A. 

CymecTBeHHHM neAOCTaTKOM stoto ycTpoficTBa npw hc- 
nojib30BaHHH ero aah cxeMbi no VIII, 38 HBJíHeTCR to, 
hto nocpeACTBOM ero Heab3H peryjiHpoBaTb BejiHHHHy 
TOKa 3aMbiKaHHH Ha 3eMAio npn H3MeHeHHH qHCJia paóoxaio- 
IUHX reHepaTOpOB. 3t0 o6T>HCH5ieTCH OMeHb CHJIbHblM CHH>Ke- 
HHeM qyBCTBRTeJIbHOCTH 3aiHHTbI npH AemyHTHpOB3HHH co- 
ITpOTHBAeHHH 3a CHeT yMeHbUieHHH HanpHHCeHHfl ílp. ZIjih kom- 
ÓHHHpOBaHHOH CXeMbl nO (j)Hr. VIII, 41, B KOTOpOH TpaHC- 
4>opMaTop nanpRHceHHH moíkct óbiTb BKAioqeH Me)KAy HyAeBoří 
tohkoh reHepaTOpa h 3eMAen, stot HeAOCTaTOK oicyTCTByeT 

H3 paCCMOTpeHHbIX npHHUHnuajIbHO B03M0X(HbIX 
BapnaHTOB cxeM Buno^HeHHH 3amHTu npn 3Ha4H- 
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TeJibHOM qnc/ie napaAueubHO paĎOTaiomHX ManiHH 
Haiayqmeň uBAHeTCH KOMÓHHiipoBaHHaa cxeMa no 
4>nr. VIII," 41. Ee OCHOBHblMH UOCTOHHCTBaMH HB.7IH- 
lOTCH: B03M05KH0CTb paOOTbl C BKAIOqeHHblM H OT- 
oroneuHbíM 3a3eM^HK»mnM conpoTHBaeHHeM 6e3 
Aono^HHTe^bHoro ycuoiKHeHHH cxeMu; bo3momc- 
HOCTb UiyHTHpOBaHHH H3CTH COnOOTHBJíeHHa npH 

ydaHOBKe aoSaBoqHoro BbiK^ioqaTe^a no cxeMe 
4>Hr. VIJI, 43; HeHyacHOCTb yqeTa HarpeBa 3a3eM- 
jiHiomnx conpOTHBjíemiS. HeKOTopbiM HeaocTaT- 
kom aB^aeTca HeoĎxounMOCTb ycTaHOBKH Hy;ie- 
Boro TpaHCiJiopMaTopa Toxa, paĎoTaiomero b pe- 
aCHMe, Š.7IH3KOM K XOUOCTOMy 



<í>Hr. VIII, 45. CxeMa 3amHTbi MaKCHMaabHoft moiuhocth Hy- 
jieBofí nocjjeAOBaie;ibHocT!J c KOMneHcauneH Toica HeóaJiaHca 
C HCn0Jlb30BaHHeM TpaHC^Op^aTOpOB TOKa JlH^epeHUHaJIbHOH 

3aiUHTbI. 


CHHHC6HH6 i u 6 no CpaBHCHHK) C OÓHHHblM (|)HJIbTpOM Hy- 
JI6BOH nocjiejiOBaTeJibHocTH h pauHOHaJibHbiH Bwóop napa-* 
MerpOB caMoro TpaHC(})opMaTOpa no3BOJifnoT hjih cHH3HTb 
HeoóxoiiHMbiH jijih ^eHCTBHH 3amHTbi J 3 ruin npn tom Hce 
TOKe I 3 oóecnenHTb óojibmyio nyBCTBHiejibaocTb 3ainnTbu 
KpOMe toto h caMa cxeMa 3amHTbi MoaceT 6biTb ynpo- 
meHa, HanpHMep, 3a cneT oicyTCTBun ójiokhpobkh npn ckbo3- 
HbIX KOpOTKHX 33 MbIKaHHflX. 

ripoH3BOACTBO TpaHC(})opMaTopOB THna <J>eppanTH nna 
reHepaiopoB óoabinoíi moiuhocth BCTpenaeT pna KOHCTpyK- 
THBHbix 3 aTpyuneHHH, onpeneaneMbix óojibuiHM hhcjiom Kaóe- 
jiefl, coeuHHHiomHX ero c BbiKjuonaTejieM, h b Coio3e b 3 a- 
boackom MacuiTaóe noxa He ocBoeHo. 


SamHTa MaKCHMaJibHoň moiuhocth c hcíiojil- 

30BaHHeM TpaHc4)OpMaTOpOB Tona A»4)epeHUH- 
aJIbHofl 3am,HTbi. CxeMa aaniHTbi MaKCHMaAbHOĚ 
moiuhocth c KOMneHcauneft TOKaHeóajiaHca mojkct 
6biTb Bbino^HeHa 6e3 cneuna^bHbix BHeuiHHx 
TpaHC(|)OpMaTOpOB TOKa, 4>y«KUHH KOTOpbIX Bbl- 
no^HHiOT Torua TpaHC<j)OpMaTopbi TOKa UH^epeá- 

UHa^IbHOň TOKOBOň 3aiUHTbl 

( 4 >nr. vili, 45). 

B 9TOM aiyqae i H 6 mo- 
ryT HMeTb HeCKO./IbKO 
do^biuyio BeuHHHHy, h 
T paHC4)OpMaTOpbI TOKa 
BbIÓHpaiOTCH C BTOpHHHblM 
HOMHHaJIbHblM TOKOM 5 A, 



< I , H r * i> VIII, 46. CxeMa 3am,HTbi MaKCHMajibHoň moiuhocth Hy- 
JieBOH nocjiejiOBaTejibHOCTH c KOMneHcaunefí Tona He6ajianca 
Avin reHepaTopoB, HMejoiunx coeflHneHKe očmotok b Tpe- 
yro^bHHK. 


15. BAPHAHTbl BblíIOJlHEHHfl 3AIU.HT TEHEPATOPOB 
OT 3AMblKAHHň HA 3EMJHO nO CXEME MAKCH* 
MAJlbHOfi MOIUHOCTH C KOMÍIEHCAlIHEfl TOKA 
HEBAJ1AHCA 

3aiuma MaKCHMSJíbHOŘ moiuhocth c TpaHC(|>opMa- 
TOpOM TOKa THna 4>eppaHTH. IlpH paCCMOTpeHHH 3aiUHTbI 
MaKCHMajibHOH moiuhocth HyaeBoň nocjieuoBaTejibHocTH c 
KOMneHcauneft i H $ npeanojiarajiocb, mto Tpn bhciiihhx TpaHC- 
^opMaTopa TOKa coeuHHeHbí no cxeMe roabMrpHHa. ílpaK- 

THHeCKH B03MOHCHO HCn0JIb30BaTb H OflHH TpaHC(j)OpMaTOp 
THna <í>eppanTH. CxeMa 3aiunTbi npH stom no cyiuecTBy 
OCTaeTCH HeH3M0HHOH (t})Hr. VIII, 44). 

Upn cBepxTOKax i H $ 6yueT BecbMa He3HaMHieabHbiM. 
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ř i 

a He 10 A h Bbirne, xax b cxeMe ro^bMrpHHa 
npH óoubuiHx n m . e . rioaTOMy cxeMa MoaceT ébiTb 
npHMĚHHMa TO^IbKO K reHepaTOpaM OTHOCHTeflbHO 
Heóoabiuoň MOIUHOCTH H B HaCTHOCTH Ha CymeCT- 
ByroiUHX CTaHUHHX, rue no KOHCTpyKTHBHHM OCO- 
ĎeHHOCTHM HeB03M05KH0 YUIW. CJIHH 1 KOM TpyUHO H 
uoporo yCT3HOBHTb HOBbie TpaHc4»OpMaTOpbI TOKa. 

3aiu,HTa MaKCHMajibHofl moiuhocth ajih reHepaiopoB, 
oSMOTKH KOTOpbIX COeUHHeHbl B TpeyrOJIbHHK. ripHHUH- 
nKaabHafl cxeMa 3aiUHTbi n3o6paa:eHa Ha 4> Hr . VIII, 46. 
HcicycctBeHHoe 3a3eMaeniie BunoanaeTCH c noMOiubio 333eM- 
aHioiuero TpaHc4>opMaTopa. 



ÍIpH coeflHHeHHH oómotok reHepaTopa b TpeyrojibHHK 
iiHHHMajibHoe HanpHMceHHe no oTHoineHHio k 3eMJie, paBnoe 
nojioBHne $a3Horo HanpímceHHíi, HMeeT cpeflHHH ToqKa Kaac- 
j*oh oómotkh ((Jwr. Vlil, 47). 

TaKHM o6pa30M HanpfliKeHHe Ha 33HCHM3X pejie Mancn- 
MaJIbHOH MOmHOCTH npH MeiaJIJIHMeCKOM 33MbIKaHHH Ha 
3eMjiK) b cepeflHHe oómotkh paBHO nOJioBHHe MaKCHMajibHoro 
h nosTOMy npn flonycTHMoň BeJiHHHHe / 3ma3C b flaHHOM 
^cayqae bo3mo>kho 3amHTHTb Bce 100% bhtkob oómotkh 
reHepaTopa. 

Pac^eT 3amHTM MoaceT óbiTb npoH3BefleH no npHBefleH- 
HbiM yace 4>opMyjiaM. 3a MHHHMajibHoe HanpHHcemie npn stom 
J ipHHHMaeTCH 

«p* = 0,s* pm „. (VIII,90) 



4>Hr. VIII, 47. BeKTopHaa flnarpaMMa ajih cjiyqaa 3aMbiKaHHH 
na 3eMJiio reHepaTopa, HMeiomero coeflHHemie oómotok b 
T peyroabHHK. 

v 


- HanpnaceHHe Ha rpamme MepTBoS 30Hbi, t. e. Ha pac- 
CTOHHHH 0,5 a x °/o BHTKOB OT CepeflHHbl OÓMOTKH ((jlHT. VIII,47) 

"«=]/ (0,5V 2 +(o,5^^J = 

= «*]/"°. 25 + °> 75 (w) * ( vm ’ 91 ) 

HanpnHcenHe Ha 3a>KHMax pejie b cootb6tctbhh c (VIII,90) 
h (VIII,91) 


u P<x u pm ax 



0,25 + 0,75 


v/? y 
k 100 ) • 


(Vlil,92) 


Ecjih P p , m J 3max h flpyrne napaMeTpw 3amHTbi nofloó- 
paHbl TaK, HTO npH 3aMbIKaHHH B 3amHmaeMOH 30He H 
u p = 0,5 u pmax pene fleíícTByeT, to MepTBoft sohw npn 
RáeTaJiJiHMecKHX 3aMbiKaHHax He óyfleT. 

HeíicTBHe 3auiHTbi npoHcxoaHT aHajiorHWHp TOMy, KaK 
h npH cxeMe coeflHHeHHa oómotok reHepaTopa BÍ3Be3fly. 

CTonpoueHTHbie 3amHTbi renepaTopoB ot 3aMbiKaHHň 
oahoh 4 >a3bI Ha 3eMJiio. Bce paccMOTpeHHue Bbinie cxeMbi 
3anjHTbi reHepaTopoB ot 3aMbiKaHHH na 3eMJiio hmciot tot 
neAOCTaTOK, ^to npH AonycxaeMbix TOKax 3aMUKanHH ohh 
HeqyBCTBHTeJIbHU K nOBpOKfleHHHM BÓJIH3H HyjieBOH TOHKH 
reHepaTopa, oómotkh KOTOporo coeflHHeHbí b 3Be3fly. 

.ÍIpOHeHT 3amHUieHHU: BHTKOB MOHCd ÓbJTb noBbiuieH 
flo nojiHoro oxBaTa oómotkh KaHcaoíí (})a3bi, ecJiH co3flaTb 
HoCTOHHHbiH cabut noTeHunajia Mexc^y HyjieBOH to^koh ch» 


CTeMbt h 3eMJieň. npn stom hh oflHa tohio jiioóoh H3 Tpex 
OÓMOTOK npH HOpMaJIbHOM peHCHMe He flOJDKHa HMeTb nOTeH- 
unaJia 3eMJiH. 

Ha 4>Hr. VIII, 48a npeflCTaBJíeH BapnaHT TaKoří cxeMH 
3a3eMjiHiomero ycTponcTBa, b KOTopoft noTenuHaji HyjieBOH 
tohkh reHepaTopa CMemeH no othouichhio k 3eMJie. ílep- 
BH^naíi oÓMOTKa cneitfiajibHoro saseMJinioiuero TpaHC(j)op« 
MaTopa BbinojiHHeTCH c coeflHHeiiHeM b 3Hr3ar, npnneM qacTH 
4>a3Hb!X OÓMOTOK HMeiOT HeOflHHaKOBOe HHCJIO bhtkob; BCJieA; 
CTBHe 9Toro Mexcay HyjieBOH to^koh reHepaTopa, HMeiomeH 
npH OTCyTCTBHH 3aMbIKaHHH Ha 3eMJIK> nOTeHUHaJI, paBHbIH 
noTeHunaJiy 3eMJiH, h HyjieBOH tohkoh TpaHC^opMaiopa 
(ecan oh He 3a3eMjieH) cymecTByeT pa3H0CTb noTenuHaaos 


OP. 




<I>Hr. VIIL48. BapHaHTbi cxeM 
3336 MJijnomnx ycTpofídB, oóec- 
neHHBaioiUHX jreHciBHe 3amHTM 
OT 3aMbIK3HHH Ha 3eMJIK) BÓJIH3H 

HyjieBOH tohkh reHepaTopa. 


HyjieBan TOHKa BcnoMoraTeJibHoro Tpanc^op MaTopa 3a- 
3eMJiHeTCH nepe3 conpoTHBJíeHHe h npHHyxc.neHHo npnHHMaeT 
npn HopMajibHOM peacHMe noTeHUHaa 3eMJiH. 

Ha 4>Hr. VIII, 48ó noKa3aHa .awarpaMMa HanpjnKeHHÍi 
jtfjiH BbinojiHeHHH, npn kotopom .ncóaBOHHoe HanpínKeHHe 
CMeiueHHH coBnajiaeT c Hanpa>i<eHHeM t}>a3bi A. MHHHMaab- 
T> Haa pa3H0CTb noTeHunaJioB MOK^y oómotkoh h KopnycoM 


npn stom paBHa NP = OP*— 


/a 


TaKHM oópa30M npH 3aMbiKaHHH Ha 3eMJiio Aaace b Hyae- 
boh TOHKe renepaTopa qepe3 MecTO noBpenífleHHa noTeaeT 
TOK, KOTOpuň npHBefleT 3amHTy B AefíCTBHe. 

ČTonpoueHTHyio 3amHTy ocymecTBJíaioT no paccMOTpeH- 
hum yace paHee cxeMaM MaKCHMaJibHOH moiuhocth HyjieBoft 
nocJie^OBaTejibHocTH c KOMnencaunea i Hi 

3a3eMJiaiomHH TpaHC(})opMaTop MOHceT óbiTb ycTaHOBjíen 
b 3amHmaeMoa 3one hjih BHe ee. B nepBOM cjiyaae 3amHTa 
paóoTaeT KaK cxeMa 4>^r. VIII, 34, bo btopom cayqae KaK 
cxeMa $Hr. VIII, 40. 

npHHUHnHajibHaa cxeMa Taxon 3amHTbi, BbinojiHeHHoa 
no BapHaHTy (})Hr. VIII, 40, c TOKopacnpe^eJieHneM npH 
3aMbiKaHHH Ha 3eM;no 6 jih 3 HyjieBOH tomkh npHBeflena Ha 
(J)Hr. VIII, 49. 

npH paccMOTpeHHH Bonpoca o AonycTHMOM npoueHTe 
He3amHmeHHbix bhtkob npn 33MbiK3HHH oómotok reHepa- 
Topa Ha 3eMJiio óbijio yace oT^eneHO, hto HanpBH(eHHe, npn 
KOTOpOM B03MOHCHO B03HHKH0BeíIHe AyTH (npil H30JIJIUHH 
OÓMOTOK MHKaJieHTOH Ha aC^aJIbTOBOM JiaKe), MOHCeT ÓbITb 
3HaHHTeJIbHO HHHCe 500 V. 

Ecjih yqecTb, hto hhcjio bhtkob oómotkh Kancuoň $a3H 
b coBpeMeHHbix MomHbix TypóorenepaTOpax He3HaqHTejibHo, 
TO B03M0HCH0CTb B03HHKH0BeHHH JiyTH npil nOBpe)KHeHHH 

H30JIHUHH b renepaTopax c jniHefiHbíM HanpínKeHHew 6,3 h 
10,5 kV no cýmecTBy ne ycTpaníiercíi, flance ecJiH npo- 
H30HfleT 3aMbiKaHiie nepBoro BiiTKa CTaiopnoíi oómotkh. 
riosTOMy Bonpoc nojinoň 3amHTbi ot 3 aMbiuaHHH Ha 3 eMjno 
BCeíl OÓMOTKH npH T3KHX yCJIOBHflX HMeeT CyiUeCTBeiIHOe 
3HaqeHHe, 

OflnaKO „CTonpoueHTHbie* cxeMbi 3amHTbi ot 3 aMWKaHHH 
Ha 3eMJiio b npdKTHxe siccnjioaTauHH He noJiyqHjw uiapoKoro 
pacnpocTpOHeHHH no cfleayiomHM ochobhwm npHHHHaM: 
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1) OTHocHTejibHaa cjiomchoctb exeim, onpeaejuieMaH 
HeOČXOJWMOCTbK) yCTSHOBKH CneUHaJIbHWX Sa3eMJIÍII0mHX 
TpaHC(J)opMaTopoB; 

2 ) 3 aMbiKaHHe wa &mjiio b HyjieBoň Toqice reHepaiopa, 
paóoiaioiuero, KaK npaBHJio, Ha Kače.ibHbie ceTH, npaKTH- 
qecKH Maao BeponTHU BCJieflCTBHe orpaHHqeHHH bo 3 mo>k- 
hocth B 03 HHKH 0 BeHHH aTMOC^epnux nepeHanpHaceHHH; 

3 ) HeacejiaTejibHocTb nocToaHHoro, b ocoóeHHOCTH 3na- 
MHTeabHoro, CMemeHHH HyjieBoft tomkh cHcieMw, oóycjioe- 
jiHBaioiuero noBhiiueHHbie npoTHB HOMHHajibHbix HanpaiKeHHH 
Ha OflHOÍÍ H3 (J)a3 CHCTCMbl. 


B ^COOTBeTCTBHH C 3THM Bonpoc o6 ycia- 
H0BK6 CneiJHaJIbHblX 3aiUHT OT 3aMbIKaHHň Me>KAy 
BHTKaMH oďmotok OAHOft (|)a3bi reHepaTopa Tpe- 
6yeT pa3pemeHHH. 

JXjm reHepaTopoB c AByMH napa/i^e/ibHbíMii 
B6TB51MH B Ka^eCTBe 3aiU,HTbI OT BHTKOBblX 

3aMbiKaHHň niHpoKO Hcnojib3yeTCH nonepenHaíi 
AHífjepeHUHajibHaH TOKOBaa 3amHTa (cm. itl V r 
§ 16). CxeMa 3amHTbi noKa3aHa Ha (j)Hr. VIII, 50. 



4>wr. VIII, 49. npHHUHiiHajibHaH cxeMa 100*/ o 

3aiUHTU MaKCHM3JIbHOH MOIUHOCTH HyJieBOÍf 
nocjiejiOBaTejibHocTH c KOMneHcauHeň Tona 
HeóaaaHca a-kh CJiyqaa C03,aaHHH HCKyccTBeH- 
HOH HyjieBOH TOqKH BH6 3amHmaeMOH 30Hbl. 


16. 3ALUHTA TEHEPATOPOB OT 3AMbIKAHHH ME>Kfly 
BHTKAMH OEMOTOK CTATOPA 

3amHTa ot 3aMHKaHHň Meacny BHTKaMH orooň 
$a3u He no^yHH^a CToro uiHpOKoro pacnpoctpa- 
HeHHH, KaK 3amHTa ot Meaui.y4)a3Hbix 3aMbiKaHKň 
H 0 flH 0 (j)a 3 HbIX 3aMbIKaHHft Ha SeMflK). OcOČeHHO 
3TO OTHOCHTCH K TeHepaTOpaM, He HMeK)UXHM 

BUBeaeHHbix naparoeroHbix BeTBeň oómotok. 
OSbHCHaeTCH 9to TeM, hto nperoaraeMbie cxeMbi 
3amHTM OKa3a^HCb OTHOCHTe.ttbHO C.TO>KHbIMH H 
HeaocTaTOHHO HaroacHbíMH. 

Hapaay c sthm cymecTBOBa.ro MHeHHe, hto b 
coBpeMeHHbix Kpynubix renepaTopax co CTepac- 
HeBOň OĎMOTKOft 3aMbIK3HHH MeaCfly BHTKaMH 

oahoíI <|>a3bi, He conpoBoacziaiomHeCH orooBpe- 

MeHHblM 3aMbIK3HHeM Ha 3eMJIK), Ma^O BepOHTHbI. 
noaTOMy 3amHTa OT 3aMHKaHHň MeaCfly BHTKaMH 
OflHOfl $a3bi npaKTHqecKH B03flarajiacb na 3amHTy 
OT 3aMbIKaHHň Ha 3eM.7IIO. 

CTaTHCTHKa noBpewAeHHň reHepaTopoB noha- 
3biBaeT, hto qacTb bhtkobhx 3aMUKaHHň b oďmot- 
Kax reHepaTopoB He conpoBowaaeTCH orooBpe- 
MeHHblM 33MblK3HHeM Ha 3eM/HO. 
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CxeMa BbinoroeHa c tppmh MaKCHMaroHbíMH 
TOKOBbíMH pero MrHOBeHHoro AeňcTBHH, KaacAoe 
H3 KOTOpbIX npHCOe^HHeHO ^H4)epeHUHa^bHO k 
AByM TpaHC(J)opMaTopaM TOKa, ycTaHOBroHHbíM no 
OflHOMy Ha BerBb o6motkh Kaacaoň 4>a3i>i. 

Tok TporaHHH MaKCHMajibHbix tokobmx pero 
i p >OT Bbi6HpaeTCH 6 orome MHKCHMaroHoro 3HaqeHHH 
Íh6, max, KOTOpblň MOHCeT npOTeKaTb Mepe3 OÓMOTKy 

pero npn ckbo3hhx kopotkhx 3aMbiKaHHHX. 

BeroroHa i H g onpe^ejiaeTCH HeHaeHTHHHOCTbio 
xapaKTepncTHK TpaHC<f>opMaTOpOB TOKa h pa 3 ro- 
qneM HMne^aHCOB h a. a. c. 0 Ta.e^bHwx BeTBeů. 

Ec.ro naparoejibHbie bctbh BbinoaHeHbí aocTa- 
TOHHO CHMMeTpHHHO, TO l p ^ m npHHHMaeTCH p 3 BHbIM 
40 — 60% HOMHHajibHOro paóoqero TOKa reHepa- 
Topa orooů BeTBH $a3bi. 

ripn nOBpeaťAeHHH 3am«Ta ,no;i>KHa k3kch- 
Ma^bHO 6bicTpo oTKJHonaTb reHepaTop ot CHCTeMbi, 
h noaTOMy BbmepjKKH BpeMeHH He ycTaHaB^HBa- 
eTca. 

B cooTBeTCTBHH co cxeMoň coeroHeHHa nepe 3 
pe^e b o 6 meM c^iynae 3aMWKaeTca pá3H0CTb 
tokob napa^ae^bHbix BeTBeň, t. e. i p — i\ — in . 

Htoóh 3amnTa nOAeňcTBOBaro, hco6xoahmo 
HMeTb ip > ip . m . 

npn HopMajibHOM peacHMe padoTbi, Korro 
qepe3 pe^e npoxoAHT TO^ibKO *«<?, 3amafa He 
AeflCTByeT. 




Ecjh npoH3ofiAeT 3aMbiKaHHe qepe3 R„ Meacay 
BHTK3MH oflHOft B6TBH reaepaTopa, paóoTaiomero 
Ha xoaoctom XOAY (<J)Hr. VIII, 51 ), to qepe3 
pejie npoňAeT tok 


To^opacnpeae^eHHe b bctbhx <f)a 3 bi aah yxa- 
3aHHOro BHjin noBpe)K,aeHHH MOxceT 6uTb npeA- 


B CTOpOHy III HH H COeAHHHTeAbHbie Ka6e^H HJIH 
niHHbí iieacAy hhmh, nonepenHaa 3 amHTa b 06- 
meM c/iyqae He MoxceT 3 aMeHHTb npoAOAbHyio. 

Be^HHHHa MepTBOŮ 30 HbI OĎblHHO He BbIXOAHT 
3a npeae^bi HecKOAbKHx npoueHTOB, a řípu napa^- 
jie^bHOfl paóOTe HecKOAbKHX renepaTopoB h eme 
MeHbme. 

3auiHTa mapoKO pacnpocTpaHeHa aah moui- 
hhx reHepaTOpOB, oah 3 ko ee npHMeneHHe orpa- 



$nr. VIII, 51 . ToKoyac- 
npeae;ieHHe b cxeMe 
$mr. Vlil, 50 npn bht- 

KOBOM 33 M'bIKaHHH. 



<í>Hr. VIII, 52. 3aBHCHMOCTb tokob b noBpexc- 
neiiHOH BeTBH renepaTopa ot aojih 33mk- 

HyBIUHXCH BHTKOB. 


A 6 / C 



4>Hr. VIII, 53. fleíicTBHe nonepe^HoS AHtfcepeH- 
^aJibHoň tokoboh 3amHTbi reHepaTOpa npn Mexcfly- 
<J>a30BblX 3aMbIKaHHHX. 


CTaB^eHO joutih pa3;niqHoro OTHOCHTejibHoro qncjia 
33MKHyTbIX BHTKOB a B BHA6 KpHBblX (J)Hr. VIII, 52: 
/*=/(a); /n—/(a) h 1\ =/(<*), we /* — tok 

3aMbIK3HHíI B MeCTe IIOBpeH£A6HHJI; l \\—TOK b 
33MKHyTOň BeTBH; ll — TOK B nepBHHHblX OÓMOT- 
Kax TpaHC<t)OpMaTOpOB TOKa. 

H 3 $Hr. VIII, 52 bhaho, hto qepe? pe^ie npo- 

TeKaeT AOCTaTOHHO ÓOAbHIOň TOK, enOCOĎHHft 

npHBecTH ero b AeňCTBHe, 3a HCKAioqeHHeM toto 
aiyqan, Koma hhcjio 3aMKHyTbix bhtkob oKaaseTCH 
HHHce HeKOToporo npeAe^ibHoro 3 HaqeHHH a x . 
ripH HHCAe 33MKHyTbIX BHTKOB a <01* TOK 
2 h <C.Ip.m■ TaKHM o 6 pa 30 M b qacTH bhtkob a x 
3amHTa HMeeT MepTByio 30 Hy, onpeAejiaeMyio 
BeAHHHHOň Ip.m. 

npH 33MbIKaHHH MeKfly BHTK3MH paBHHX (f)a3 
coraacHO <j)Hr. VIII, 53 3amHTa AeftCTByeT; oah3ko 
oHa TaKHce óy^eT HMeTb HeKOTopyío MepTByio 
30Hy, ec^H 3aMbiKaHHe np0H30ftAeT b oóeHX 4>a- 
3 ax 6jih3ko k HyjieBbíM BWBoaaM. 

JleňCTBHTe/ibHO, ocHOBHan qacTb TOKa noBpejK- 
A6HHH, a HMeHHO h\, 3 aMbIKaeTCH IIOMHMO Tp 3 HC* 
$OpM8TOpOB TOKa. ÓpH M 3 JIOM qHCAe 33 MKHyTUX 
BHTKOB h MOJKeT 0Ka3aTbCH MeHbUie 0,5 Ip.m H 
3 aoiHTa b AeňCTBHe He npHAeT. 

riosTOMy, a TaKxce BBHAy toto, hto b 3 auiH- 
meMyK) 30 Hy ne bxoaht bhboah reHepaTOpa 


HHHHBaeTca TOAbKO reHepaTOpaMH c napaAaeab- 

HblMH BeTBHMH. 

npH IIOBpe)KA6HHH BO BTOpHHHOň u,enH, HanpH- 
Mep, npa oópbiBe coeAHHHTeabHbix npoBOAOB 
Meacay TpaHciJjopMaTopaMH oahoů «J)a3bi, qepe3 
pejie MoxceT npoňTH tok, npeBbiuiaromHfl i p . m , 
h 3 amHTa noAeftCTByeT HecejieKTHBHO. Moxcho 
óu^ío 6h BbiónpaTb tok i p . m čo^biue HOMHHajib- 
Horo Harpy30HHOro TOKa BeTBH, ho sto He peKO- 
MeHAyeTCH H3-3a B03paCT3HHH MepTBOň 30HbI 
3am,HTbi. riosTOMy CTpeMHTCH, He noBuniaa i p . m > 
yCTpaHHTb B03M0HCH0CTb nOBpe3KA6HHň BO BTO* 
Phmhoř uenn nyTeM TmaTejibHOro BbinoaHeHHs 
ee, HCK^Honaiomero oSpbiBbi. C 9T0ň >Ke ueabio 
TpaHC(j)opMaTopbi TOKa nacTO coeAHHHioT MeatAy 
cočoS y MecTa hx ycTaHOBKH, a He Ha pe;ieflHOM 
mHTe. 

3 am,HTa qepe 3 npoMeacyTOHHoe pe^e noAaeT 
HMnyAbC Ha OAHOBpeMeHHoe OTKJiroqeHHe bukaio- 
qaTefleň, BK^oqeHHe Am h npoTHBonoacapHoro 
ycTpoňcTBa (ecAH oho ycTaHOBAeHo). 

3amHTy renepaiopoB c AByMH bctbhmh na 4>a3y oř 
BHTKOBbix 3aMbii-:aHnří moikho ocymecTBHTb, Hcnoat3yfl H 
apyrKe cxeMU. 

3acay»HBúeT BHHMaHHa b stom othoiushhh cxeua 

4>Hr. Vlil, 54 (JI. 5]. K M3uepHTeabHOMy TpaHC<j>opnaTopy 
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TOKa, BKjiioqeHHOMy b uenb MeatAy HyjieBbíMH ToqnaMH, 06 - 
pa30BdHHblMH COeAHHCHHeM B ABe 3Be3AbI I10p03Hb B35JTMX 

ifiapajuiejibHbix BeTBeft, npHKJiioqaeTCH TOKOBoe pejie. Ilpn 
HOpMajIbHOM pe}KKMe TOK B peJie OTCyTCTByet. npH 3aMU- 
K3HHH MeHC.Hy BHTKaMH paBHOBeCHe 9. A- c. MCHCAV BeTBHMH 
iiapymaeTCH, h b pejie B03HHKaeT tok. 

fípeHMymecTBOM 3amHTbi HBJíHeTca ee npocTOTa h sko- 
SJOMHtJHOCTb B OÓOpyAOBaHHH. 3aiIXHTa HMeeT H HeKOTOpbie 
He^ocTaTKH. JIjih npoAOJibHOH AH^epeHUHa^bHoň 3amHTbi 
reHepaiopa npn pá3AejibHbix HyjieBbix BbiBOAax BeTBeň no- 
TpeóyeTCH ycTaHOBHTb TpH AonójiHHTejibHbix TpaHC<}>opMa- 
TOpa TOKa HJIH npHMeHHTb Ha HyjieBhřX BbIBOA3X TpaHC({)Op- 
aiaiopbi TOKa cneHHajibHoro THna c AByMH nepBHqHHMH 06- 

MOTK 3 MH. BTOpbIM HCAOCTaTKOM CXeMbl HBJIHeTCH TO, qTO 
«iepe3 coeAHHeHHe Meagiy HyjieBbíMH buboahmh BeTBeft 
woryT npOTeKaTb 3HaqHTejibHbie tokh BbicuiHx rapMOHHK (b 
nepByio oqepeAt> TpořiHoft qacTOTbi), oóycjiOBJíeHHbie otjih- 
'qneM ^opMbi kphboh a. a. c. ot CHHycoHAW. Tokh bhchihx 
rapMOHHK MoryT npn 3HaqHTejibHoft hx bcahhhhc npHBecTH 


B cxeMe $nr. VIII, 55 h VIII, 56 npeAycMaTpHBaeTca 
ycTaHOBica (})HJibTpa B usjihx ycTpaHeHHa bjihhhhh na pa- 
ÓoTy pejie tokob BbicniHX rapMOHHK. 9th cxeMbi Ha npaK- 
THKe b CCCP pacnpocTpaHeHHH Ha nojiyqnjiH, b qacTHocTH, 
BBMAy TpyAHOCTH HX HaCTpOÍlKH, H3JIHqHíJ 3HaqHTeJIbHfalX 
MfpfBblX 30H H CTOaCHOCTH BbinOAH6HHH. 

17. HA3HAHEHHE 3AIUHTbI U.EÍ1H B03By>KAEHHfl 

noBpeacAeHHH uenH B036yHcaeHHa hbahiotcjí 
OTHOCHT e^bHO HaCTUM BHAOM noBpejKaeHHň re- 
HepaTopos. 

ÓcHOBHbie, HaHóoxee nacTbie, noBpejKaeHHH j 
b uenH B036yac,aeHHH moxcho KAaccHíjmuHpoBaTb 
caeayioiuHM o6pa30M: j 

1) noTepa B036yacaeHHa; 2) 3aMbiKaHHa Ha j 
36MJ1IO B OflHOň H flByX TOHK3X. 



VIII,54. 3amHTa ot 4>Hr. VIII,55. 3amHTa ot bhtkobux 4>nr. VIIT,56. 3amHTa ot BHTKOBbix 33 MUK 3 HHH 

BHTKOBWX 33MbIKaHHH IIO- 33MbIKaHHH reHepaTOpOB C OAHOH BCTBblO reHepaTOpOB C OAHOH BeTBbíO Ha <j*a 3 y (BTOpOH 

cpeACTBOM pejie, BKJiioqeH- Ha (j^y (nepBuň BapnaHT). BapnanT). 


Horo MeacAy HyjieBMMH 
TOqK3MH o 6 motkh CTaTopa, 
COeAHHeHHOH B ABe 3BC3AH. 


k HeceaeKTHBHOMy achctbhio 3amHTbi. OTAeabHbie (JmpMbi 
\J\. 13] b Taxíix cxeMax npHMeHHioT cneuHaabHue $HJibTpbi 
ot tokob Tpeiben rapMOHHKH. B hcahx yToqHeHHH napa- 
MeipoB 3amHTbi h ee cbohctb cxeMa TpeóyeT 9KcnaoaTa- 
UHOHHofi npoBepKH. 

3amHTy OT BHTKOBblX 33MbIKaHHH B OÓMOTKaX CTaTOpa 
C OAHOH BeTBbK) H3 <})a3y MO>KHO BblIlOJIHHTb, HCnOJJbByH CXe- 

Mbi (J)Hr. VIII, 55 h VIII, 56. 

K 3aacHMaM reHepaTopa b abhhom cJiyqae npHcoeAHHeHbí 
scnoMoraTeabHbie ycTpoňcTBa, HMeiomne AOCTaToqHo Ma- 
jibiH peaKTaHC HyaeBOH nocaeAOBaTeAbHOCTH, b bhas TpaHC- 
^opMaTopa HanpaaceHHH c coeAHHeHHeM 3Be3Aa-TpeyroabHHK. 

npH HOpMajibHOM peacHMe 9. a. c. reHepaiopa ypaBHO- 
BerneHU, Tona b coeAHHHTejibHOM npoBOAe Meacny HyjieBbíMH 
ToqKaMH reHepaTopa h nepBHqHOÍi oómotkh Tpanc^opMa- 
Topa neT. • 

IlpH BHTKOBOM 33MbIK3HHH B OAHOÍÍ H3 06 MOTOK CTaTOpa 
paBHOBeCHe 9. a. c. reHepaTopa HapyuiaeTCH. Ha saatHMax 
reHepaiopa iioabhtch HanpaaceHHH HyjieBOH nocaeAOBaTejib- 
HOCTH, KOTOpbie II*>H M3AOM 3H3qeHHH peaKTaHCa HyaeBOH 
nocjieAOB3TeAbHOCTH Aaace npa He3HaqHTeabHOH BeaHqHHe 
BbI 3 bIB 3 K)T UHpKyAHUHK) T0K3 qepe3 COeAHHHTeAbHblS npo- 

boa MeacAy HyAeBbíMH ToqKaMH AOCTaToqHoro aaa aghctbha 
TOKOBoro peae. 

B cxeMe (Jwr. VIII, 56 peae BKAioqeHO b i^enb TpeyroAb- 
HHK3 BTOpnqHOH OÓMOTKH TpaHCíJ)OpMaTOpa. / 
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ÍIOTepH B036y)KAeHHH BC^e^CTBHe 3aMbIKaHHH 
Meacay no^iocaMH h^h pa3pbiBa uenH MoxceT no- 
c^yxcHTb npHHHHofi nepexoj,a reHepaTopa b He- 
Hte;iaTejtbHbiň znn Hero pexcHM paóoTu: noaB- 
^aeTCsi BepoHTHOCTb BbixoAa reHepaTopa H3 
CHHxpoHH3Ma h nepexo^a ero b acHHxpoHHuň 
peacHM paóoTbi. A^HTe^ibHHft acnHxpoHHbiň pe- 
3 khm paóoTbi reHepaTopa HeaonycTHM, Tax 
xax poTop h aeMn(f»epHaH'oéMOTKa (npn h3jihhhh 
nocjieaHeň) 6y^yT CH^bHo neperpeBaTbca. Hexce- 
^aTexeH TaKož pexcHM pa6oTH h ajih CHCTeMbi, 
H3 KOTopofi noBpexcaeHHbiň. reHepaTop óy^eT 
nOTpeĎJIHTb ÍKaK aCHHXpOHHblfi) 3H3HHTe^íbHyiO 
peaKTHBHyio MomHOCTb. ÓT^aBaTb xce b CHCTeMy 
reHepaTop npa stom cmoxcct ^nuib Hedo^bmyio 
aKTHBHyiO MOUXHOCTb. 

BoCCTaHOBHTb HOpMaXbHblS peXUIM paĎOTH 
uenn B036yxcueHHH b kopotkhS npoiiejKyTOK 
BpeMeHH b paue c./iyqaeB He npeucTaB^aeTca 
b03Moh(hmm h noaTOMy npnxouHTca reHepaTop 
OTKJiroaaTb. OuHaKO npocToft, npoBepeHHofl Ha 
npaKTHxe 3amHTbi ot aaHHoro BHaa noBpexcae- 
hhů He cymecTByeT; noaTOMy JiHKBnaauHH hx 
npoH3BOAHTca BpyuHyio aexcypHUM nepcoHa/iOM. 


JUh 3aiUHTH OT 3aMUKaHHft Ha 3eMJUO B OAHOŘ 
h AByx TOHKax pa3pa6oTaHU cneuHaAbHbie 
cxeMbi. 

18. 3AIU.HTA OBMOTKH B03EY)K.HEHHfl OT 3AMbI- 
KAHHA HA 3EMJ110 

IlpHHU.HnHajibHbie cxeMbi 3amHTbi. 3aMbnca- 
HHe Ha 3eMAK> B OXHOň TOHKe HBAHeTCH H3H- 
óojiee qacTMM bhaom noBpeHCAeHHH uenn B03- 
óyiKAeHHH. 

Ecah 3 aMbiKaHHe Ha 3eMAio b cootb6tctbhh c 
4>Hr. VIII, 58a nponcxoAHT TOAbKo b oahoA toh- 


KopoTKoro 3 aMUKaHHH, MoaceT npoH3o&TH noxap. 

TaKHM o6pa30M 33MbiKaHne na 3eMAio b AByx 
TOHKaX OÓMOTKH B03ÓyiKA6HHH HBASieTCH A0CT3- 

tohho onacHWM bhaom noBpeacAeHHH, Tpeóyio- 
uihm HeMeAAeHHoro oTKAioHeHHH reHepaTopa h 
óbiCTporo rauieHHH noxa. 

.HaH 33 mHTbI OÓMOTKH B 03 ÓyHAeHHH OT 3aMH- 
k 3 hhh Ha seMAio cymfecTByeT ABa bhah cneuHaab- 
Hbix 3amHT: 

1 ) 3 aniHTa ot 3 aMHKaHHft b oahoS tomkc, 
AeňcTByiomaH Ha CHraaA; 

2) 3auiHTa ot 3aMbiKafiHft b Asy* TOHKax, Aeft- 
CTByromaa Ha OTKAJoneHne reHepaTopa. 



ťf 


<l>Hr. VHI,57. 3aMbiKaHHe na 

36MJIK) B OÓMOTKe B03Óy HCAeHHÍI 
reHepaTopa. 

Ke, to 0Ha npHHHMaeT no- 
TeHimaA 3eMJiH. Tok npn 
9 tom qepe3 MecTO noBpe- 
npaKTHqecKH He 



npoTeKaeT, TaK KaK aah 

Hero oTcyTCTByeT 3 bmk- <í>Hr. VUl.58. ílpHHUHnbi 
HyTbift KOHTyp. Ilapa- 
MeTpU B03Óy>KAeHHfl OCTa- 

íotch HeH3MeHHMMH, h reHepaTOpy OT IIOAOĎ- 
Horo bhas noBpenc^eHHH He yrponcaeT Heno- 
cpeACTBeHHan onacHocTb. Ecah no ycAOBHHM 
3KcnjidaTan;HH HeB03M0>KH0 npOH3BecfH otkaio- 
qeHne, to reHepaTop c 3aMKHyT0ň Ha 3eMAio 06- 
MOTKOň B036yHCAeHHH MOHCeT HeKOTOpoe BpeMH 
ocTaBaTbCH b paóoTe ao ójiaronpHHTHoro mo- 
MeHTa AAH OCTaHOBKH h peMOHTa. 

OnacHOCTb aah reHepaTopa HacTynaeT BHe- 
3anHO, ecjiH 3aMMKaHHe npoH3oňAeT eme h bo 
BTOpOH TOHKe OÓMOTKH B03ÓyXCAeHHH, KaK 3T0 

yKa 3 aH 0 Ha (Jwr. VIII, 586. 

npn 3 aMbiKaHHH Ha 3eMJiK> b AByx Toqnax 
qaCTb OÓMOTKH B03ÓyHCAeHHH OKa3UBaeTCH 33MK- 
HyTOň. BcJieACTBHe HCKanceHun MarHHTHoro noAH 
poTOpa b MauiHHe MoryT B03HHKHyTb HeAony- 
CTHMbie BHĎpauHH. Ot AoňcTBHH Ayru b MecTe 3a- 
MMKaHHH, qepe3 KOTOpoe nporeKaeT doAbmoň tok 


3aiHHT OT 3aMMKaHHH Ha 3eM*K> B OAHOlí TO*IKe HCBH 
B03Čy>KAeHHH. 

3amHTa ot 3aMbiKaHHd Ha 3eMJiio b oahoA tohkc. A-m 

3amHTM OÓMOTKH B 03Óy HCAeHHH OT 3aMHKaHHň B Ofl,HOH 

TO^Ke MoryT óuTb npHMeneHhi cxeMbi, AeficTByioiuHe na cnr- 
Haji; hx npHHiíwnbi ocymecTBJíeHHH . AaHbí Ha ijwr. VIII, 58. 

MaKCHMa^bHoe TOKOBoe peae (<j*Hr. VIII, 58a) npnco- 
eAHHeHo k noJi 3 yniKe AeJiHieaH HanpH>KeHHíi, BKJiioqeHHoro 
napaJIJie^bHO OÓMOTKe B 03 Óy>KACHHH. TaK KaK BTOpOH 33 )khm 
oómotkh pe^e HMeeT coeAHHeHHe c 3 eM^eH, to npn 3 aMbi- 
KaHHH Ha 3 eMJiio b uenn B 03 ÓyHCAeHHH qepe 3 peae npofi- 
AeT tok. npH 3 a\iuKaHHH b ToqKe, HMeiomeH noTeHUHaji, 
paBHHH noTeHUHa^y noJi 3 yuiKH noTeHUHOMeTpa, T p = 0 . 
Ecan nyHKTHpHofi jiHHHeH Ha AHarpaMMe, OTHOCHiuencfl k 
4 >Hr. VIII, 59a, HaHecTH l P . m, a I p npeACTaBHTb b BH,ne Ha- 
kjiohhbix npHMbix, to npH paccMaTpHBaeMOM cnocoóe 3 a- 
mHTbi b qacTH bhtkob a x peae He cmoíkct noAeňcTBOBaTb. 

ÍIpH Hcnojib 30 BaHHn cxeMbi $Hr. VIII, 586 pejie npH- 
coeAHHeHO qepe 3 nepeK^ioqaTeab K k oAHOMy H 3 cocahhk^ 

Te^bHblX npOBOAOB. 

H 3 paccy>KAeHHíf, npHBeAenHbix b npeAbwymeM cjiy- 
qae, c^eAyeT, ^to 3 am«Ta óyAeT HMeTb MepTByio 30Hy, ecjiH 
3 aMUKaHHe npow 30 HAeT b ^acTH bhtkob aj. Htoóu HsóeMcaib 
MepTBOH 3 ohí>i, npHMeHHioT nooqepeAHoe aBTOMQTHqecKoe 


19 PeAe&Hafl 3amHTa 
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nepeKJiioqeHHe pejie ot 3 a>KHMa a k 3a)KHMy 6. ripii nepe- 
KJIIOqeHHH MeHC^y 33MKHyTOH TOHKOH H 3a3eMJieHHbIM 3a>KH- 
mom peae noHBJííieTca flOCTaToqHaa pa3HOCTb noTeHunaaoB 
h peae npHxojuiT b aeHCTBHe (/ /ř >/p-m). 

Ha (jwr. VIII, 58b noKa3aHa cxeMa c HCnojib30BaHneM 
BcnoMoraieabHoro HCToqHHKa Tona. Peae b stom cayqae 
npHCoe^HHeHO k 3a>KHMy oómotkh qepe3 óaiapeio. 

npH 3aMHKaHHH Ha 3eMaio AaHce b6jih3h tohkh npnco- 
CAHHeHHH Ha 3a>KHMax oómotkh pea$&cymecTByeT HeKOTopaH 
pa3HOCTb noTeHUHaaoB, oóycaoBaeHHaH HanpínKeHHeM 6aia- 
pew; OHa co3aacT tok 1 $. 

Ecan HaaoxceHHoe HanpsnKeHHe BbiópaTb c TaKHM pac- 
qeTOM, mtoču lp" ówa óoabine Ip. m , to b stoh cxeMe MepT- 
boh 30Hbi He óyaeT. 

TaKHM o6pa30M óoaee coBepiueHHbíMH hb^hiotch cxeMbi 
<£hi\ VIII, 586 h b. 

IlpaKTHqecKoe BbinoaHeHHe 3amHTbi mohcho ocymecTBHTb 
no cxeMaM (jwr. VIII, 59 h VIII, 60. 



CxeMa 3ai4HTbi c nepeKJnoqaTeaeM ((Jwr. VIII, 59). 
OpraHOM, pearnpyiomHM Ha 3 aMbi«aHHH b oďmotkc B036y>K- 
.aeHHfl, HBjííieTCfl MaKCrfMa^bHoe tokoboc peae 4. Htoóm 
oóecneqHTb BbicoKyio qyBCTBHTeabHocTb 3amHTbi, ycTaHaB- 
JiHBaioT b KaqecTBe pearHpyioiixero opraHa, HanpHMep, no- 
ji5ipH30BaHHoe peae THna ÍIC-X9M3 c lp.m~ 0,002 A. 

UeJIHX yCTpaHeHHH MCpTBOH 30HH npH ‘3aMbJKaHHH B 

aioóoH qacTH oómotkh peae 4 nooqepeflHO npHcoeAHHfleTCH 
nepeKjiioqaíomHM peae k oaHOMy Han apyroMy noaiocy. 
ílepeKaioqaiomee ycTpoficTBO (2, Ž) npHBOflHTCH b aeHCTBHe 
HedoabuiHM chhxpohhhm aBHraTeaeM 1 THna BappeHa. íipH 
32MbiKaHHH na 3eMaio peae 4 noaaeT HMnyabC Ha npoMeiwy- 
ToqHoe peae 5, KOTopoe BKaioqeHO no cxeMe na npnaHna- 
HHe. Uenb Tona 3aMUKaHHH Ha 3eMaio npH stom pa3pbi- 
BaeTCH aan npeaoxpaHeHHH TepMHqecKH HeycTOHqHBoro 
peae 4. CnrHaa noaaeTcn ao MOMeHTa pa3pWBa uenn nHTa- 
hhh peae J, npoH3BOAHMoro ot py kh aeiKypHbíM nepco- 
HaaoM. 

Ecan reHepaTop paóoTaeT c noaHoň Harpy3xoS, to 

/ 

# iPraax Tp ’ 


rae U H — HanpHHceHHe BC 3 Óy,HHTeaH npH HOMHHaabHOH Ha- 
rpy3Ke, 

r p — conpoTHBaeHiie oómotkh peae. 

npH 3aMbIK3HHH Ha 3eMaiO B CepeflHHe OÓMOTKH B03- 
óyxcaeHHH, Konia renepaTop paóoTaeT óe3 Harpy3KH, £/ min = 

= “rp, rae £/ 0 — HanpnxceHHe B03ÓyanTeaíi npH xoaoCTOM 


xoae reHepaTOpa. 

Peae cnocoóHo noaeHCTBOBaTb, ecan oómee conpOTHB- 
aeHHe nenn peae (nepexoflHoe conpoTHBaeHHe b Mecxe 3a- 
MbiKaHHH naioc conpoTHBaeHHe oómotkh peae) He óoabuie. 


neM R„ 


fp.m 


CxeMa noayqaeTcn aocTaToqHO npocTofi, ho Haanque 
nepeKaioqaiomero ycTpoScTBa CHHHcaeT ee aocTOHHCTBa. 

CxeMa c HanoHceHHbíM Hanpnwe- 
HHeM ((})Hr. VIII, 60). B KaqecTBe 
nycKOBoro peae h b aaHHOM cayqae 
Hcnoab3yeTCH TaKXce noanpH30BaHHoe 
peae. JHonoaHHTeabHbiH hctohhhk 1 
nocTOHHHoro TOKa HanpflxceHHeM no- 
pnAKa 30 V BKaioqeH nocaeaoteaTeabHO 
i c peae 2. B KaqecTBe HCToqHHKa MoryT 



VIII, 60. CxeMa ; 3 amHTbi ot 3 aMbiKaHHH Ha 3eMaio b 
oaHofi Toqxe uenn B 03 ÓyiKjieHHH c aoóaBoqHbíM KCToqHHKOM 

TOKa. 


óbiTb npHMeHeHbí naw óaTapen H3 cyxnx aaeMeHTOB nan 
KynpoKCHMH BbinpHMHTeab. 

Ecan npHMeHíieTCH óaTapen c U^=o0V y a J p m noan- 
pH30BaHHoro peae (THna TIC) paBeH 0,002 A, to MaKCHMaat- 
Hoe conpoTHBaeHHe b uenn peae npn 33 MbiKaHHH Ha oaho- 
HMeHHOM c óaTapeen noaioce, npH kotopom 3aiHHTa flenCT- 
ByeT, óyaeT 


R ==■ 


U 


min 


30 

0,002 


: 15 000 fí. 


Taic KaK conpoTHBaeHHe oómotkh noanpH30BaHHoro pe¬ 
ae FIC r p = 4000 Q, to peae noaencTByeT, ec^iH 3aMHKaHiie 
npoH30HaeT qepe3 R n epA R — = 11 000 fi. 

MaKCHMaabHO B 03 MO>KHoe 3 HaqeHHe Tona b peae óyaer 
np« MeTaaanqecKOM 3 aMbiKaHHH Ha 3eMaio Ha pa 3HOHMeH- 
hom c ÓaTapeeň noaioce 

•p max r p ±r 6 
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rne U eí ^ ax — MaKCHMaabHoe HanpnxceHHe B036yflHTejia; 

r<5 — conpoTHBJíemie óaTapen (iipam HqecKH hhhtoxc- 
ho Maaoe no cpaBHCHHio c r p ). 

MyBCTBHTeJibHOCTb cymecTBy ioiijhx cxeM 3a- 
mHT OT 3aMbIKaHHH Ha 3eMJIIO B 0£H0Ž T0HK6 
b pH^e cjiynaeB He^ocTaTOHHa rjm Toro, htoďh 

CHrH3JIH3HpOBaTb OČ yxyjJHieHHH H30JIHUHH UenH 

B 036 yxc,ziieHHH no ee noBpexc^eHHH. FIosTOMy jjance 
npH HajiHHHH 3 amHTbi sKcnjioaTauHOHHbiň nepco- 
nan noJiynen cucTeMaTHqecKH npoBepHTb coctoh- 
HHe h3o^huhh. B cbh3h c 3thm b nocjie/mee Bpeán 
ycTaHOBKa sthx 3am,HT b nejinx ynpomeHHH ne 
peKOMeH^yeTCH H OHH OĎblHHO He npHMeHHíOTCH. 



4>Hr. VIII,61. CxeMa 3amnTu 
OT 3aMbIKaHHH Ha 3eMJIK) B flByX 
ToqKax nenw B036yxcfleHHa. 


-f ři SbixodHOMy 




npoM. pejie 3 a - 
- i (uumbi zenepa-~ 

J | mopa om dnům- 
“* peHHux nodpejfc- 
detmu 


A 

"X? 




—Annnr-^i 


A.r.n. 


3amHTa ot 3aMUKaHHň Ha 
3eMJIH> B fleyx TOHKaX (<J)nr. 
VIII, 61). 3amHTa Bbino./iHHeTcn 
no npHHunny mocthk 3 ynTCTO- 
Ha. ripncoejiHHHeTCH 3aru,HTa 
BpynHyio k reHepaTOpy, y KOToporo bo3hhxjio 
33MUXaHH6 Ha 3eM^K» B OAHOĚ TOHKe. JlBHaíOK Ha 
aeJiHTe^e HanpaxceHHH 1 ycTaHaB^HBaeTca Tax, 
qTOĎu no^iyHHTb 3a cneT paBHOBecHa b njieaax 
AeJiHTeJia h noBpexcAeHHOňoĎMOTXH I p — 0. 

npHHunnHa^bHaa cxeMa npHBeaeHa Ha <j)Hr. 
VIII, 62 . Ecjih nepBoe 3 aMbiKaHHe npoH 3 oni.ro 
b Tonxe a, to, BXJiioHa# MeacAy 3 eM^ieň h no^i- 
3yuiKOň jie^iHTe^a MHji^HaMnepMeTp, ycTaHaBjíH- 
BaioT paBHOBecHe n-zien mocthk 3 . Óoc^e aToro 
npHCoeAHHaeTca b cxeMy BMecTO MH^naMnep- 
MeTpa ayBCTBHTejibHoe pe./ie. 

n P H 33MbIK3HHH Ha 36M./IK) BO BTOpOft TOHXe 
oÓmotxh B036yacAeHHH (Toaxa 6 ) paBHOBecae 
b njieaax MOCTHxa HapymaeTca h aepe3 pe./ie 
npofiAeT tox noBpejxACHHfl. 

B xaaecTBe nycxoBoro pexe npnMeHaioT, Ha- 
npHMep, 9JiexTpoMarHHTHoe pexe mna 3T-60 
C Ip.m =5= 0,05 A. 

BbiAepacxa BpeM 6 Hn nopa^xa 1—2 cex. y pe¬ 



xe 3 bboahtch c uexbx) H 36 eacaHHa AeňcTBHH 
3am.HTH npn BpeMeHHbix nepexoAflmHX 3 aMHxa- 

HHHX. 

np H HanpaáceHHH B03ÓyAHTexH 115 —125 V 
npHMeHaeTCa xexHTexb HanpH>xeHHH — Ha 50 2, 
npn 230-250 V —Ha 100 Q. 

B 33BHCHMOCTH ot Toro, b xaxoň aacTH 06 - 
MOTXH no OTHOUI 6 HHK) X MeCTy nepBOTO 3aMbIKa- 
hhh npon3oňAeT 3aMbixaHHe bo BTopoň Toaxe, 


+ 




L oruijíuuirum 



4>«r. VIII, 62. ripmiunn 
AeHCTBHH 3amHTW OT 
33MbIKaHHÍt Ha 3eMJIK) 

b rb yx Toqxax, Bunoji- 
HeHHoň no <j>Hr.VIII, 61. 


3aiu,HTa MOHceT HMeTb MepTByio 30Hy MHor^a o^eHb 
óoJibinoň BejiHHHHW. TaK, HanpHMép, npn Hajum hh 
nepBoro 3aMbii<aHHH y KOJieu, pOTopa BHe 33 bhch- 
MOCTH OT MeCTOnOJIOHCeHHH BTOpOrO 3aMhIK3HHH 
Ha 3eMJiio 3amHTa He AeíiCTByeT, t. e. MepTBaa 
30Ha paBHa 100%. 

HajiHHne MepTBoň 30Hbi h óo^bmoro noTpeó- 
JI6HHH 3HeprHH B AGJIHTeJie HanpHHCeHHH HBJIHKDT- 
ch KpynHbíMH He^ocTaTKaMH 3amHTbi. 

3HaHHTeJibHoro 9KcnjioaTaixHOHHoro onbua pa- 
ÓOTbl H TmaTeJIbHbIX HCCJie^OBaHHfl ^eHCTBHH 3a- 
mHTbi, ocoóeHHO npn nepexoAHbix 3aMbiKaHHnx, 
He HMeeTcn. 

3au;HTa MoxceT aefiCTBOBaTb h npn 3aMbiKa- 
HHHX B UenH B03Óy)K^eHHH B036yAHTeJIH. O^HaKO, 
qTOóbi H36encaTb HenpaBH^bHoro ^eňCTBHH 3amH- 
th npH H3MeH6HHH nojiOHceHHH rayHTOBoro pery- 
jiHTopa B036yAHTeJiH, ee b sthx cjiynanx He hc- 

noJib3yi9T. 

M 3 BecTeH Taxíce caejiyiomHH He^ociaTOK cxeMbi. B Hop- 
MaabHbix ycjioBwax SKcnaoaianHH qepe3 oČMOTKy peae mo- 
>KeT npoTeicaTb nepeMeHUbiíi tok, oóycJioBaeHHbm, nanpHMep, 
nyjibcauHeft MarHHTHoro noioxa poiopa, HaBo^aiuero npw 
3TOM COOTBeTCTByíOmHe 3. J^. C. B OÓMOTKe B036yMeHIlíI 

nyjibcauHH noTOKa noJiyqaeTCH 3a c^eT pa3JinqHoro war- 
HHTHoro conpoTHBJíeHHff ^larHHTonpoBOjna npn pa3JiHqiibix 
noJio>KeHHíix poTopa. Bwjio ycTaHOBJíeHO, mto 3a cner sioro 
h npH oTcyTCTBHH 3aMbiKaHH« bo BTOpofi TO^Ke b pěnu pe.ie 
MO^KeT HMeib MecTO nepeMeiiHbiH tok, b pnjie cjiyqaeB lípě- 
BbímaiomHH / p<m . 

B ueJiHX ycTpaHeHHH yKa3aHHoro HeaociaTKa cxeMa 3a- 
iuhtm 6uJia ycoBepuieHCTBOBaHa [JI. 13] nyTeM KOMneHca- 
Uhh nepeMeHHoro TOKa. 

fljin 9 toh uejiH b uenb nHTaHHH peae (cJ)Hr. Vlil. 63) 
BKJiioqaeTCH Tpanc<})opMaTop TOKa cn m = l. Peae THna 3T-60 
(MOAepHH3HpOBaHHOe) HMeeT A se O&MOTKH, CHMMeTpHHHO 
pacnojioHceHHbie Ha MarHHTonpoBoae. O^aa oÓMOTKa (ochob- 
Haa), KaK h b npeau^ymeH cxeMe, BKJUoqaeica Me)K^y noa- 
symKOH aejiHTejifl HanpaxceHHH h 3eMJieň. Apyraa o6motk3 
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sípHCoejiHHeHa k btophhhoíi oÓMOTKe TpaHC(j)opMaTopa 
Vlil, 64). TaK KaK qepe3 pa3JiHqHbie oďmotkh pejie npoxo- 
jiíít npHMepHo OAHHaKOBbie, ho oópaTHO HanpaBJíeHHbie toku, 
to pe3yjibTHpyiomHH noTOK ot nepeMeHHoro TOKa b 3 HaqH- 
TCJibHoií Mepe KOMneHCHpyeTca. CxeMa aewcTByeT Ha Bbi- 
xoaHoe npoMejKyToqiioe peae 3amHTbi reHepaiopa ot BHyT- 
peHHHX noíipexcaeHHři; SKcnjioaTauHOHHoro onbua ona eme 
He HMeeT. 

B CB5I3H c nepeHHc/reHHbíMH He^ocTaTKaMH cy- 
mecTByromeň cxeMbi 3amHTbi ot 3aMbiKaHHň Ha 

3eMJlK) B AByX TOHK3X H HeyAOBUeTBOpHTeAbHblM 

3Kcn^oaTauHOHHbiM onbiTOM HeKOTopbix ee Bapn- 
3htob HHor,aa AonycKaeTca ee AeňcTBHe toabko 
aa carHaa. 




Aona/tHume/ttr- 
HQfí oČMomna 
pane 


Om-nojini/HKa nomemiuoMempa 


'řnr. VIII, 64. ÍIpoTeKaHHe nepeMCHHwx 
tokob b oóMOTKax peae 3amíim no 
VIII, 63. 


<ř«r. VIII,63. CxeMa 3a- 
iqnTU no 4> Hr * VIII, 61 

C yCTpofiCTBOM, KOMneH- 
CHpyiOIUHM R03fleflCTBIie 

Ha peae nepeMemrax 

TOKOB. 


19. yCTPOHCTBO flJIfl rAIUEHHSI MArHHmoro nojw 
TEHEPATOPOB 

npH OTKAioHeHHH noBpejKAeHHoro reHepaTopa 
ot hihh npexpamaeTca naTaHHe ero tokom ot 
ocTa^bHOň reHepnpyiomeň aacTH CHcreMbi, oAHa- 
ico poTop reHepaTopa npoAOJDKaeT BpamaTbca, 


4>nr. VIII, 65. 3aBHCH- 

MOCTb Hanpfl»eHHH Ha 3a- 
HCHMax reHepaTopa ot Bpe¬ 
MeHH npn jieftcTBHH racn- 
TeabHoro yCTpořícTBa. 



toku, onpeAeAaeMHe BeAHHHHOů a. a- c. reHepa- 

Topa. 

riosTOMy Ha reHepaTopax aoajkhh ycTaHaB- 
AHBaTbca cnenHaAbHbie aBTOMaTHaecKHe yerpoň- 
CTBá cHHTHa c hhx coócTBeHHoro HanpajKe- 
hhh. 3to ocymecTBJíaeTCa nocpeACTBOM rauieHHa 
MarHHTHoro noaa reHepaTOpOB. 

ABTOMaTHieCKHe ycTpoScTBa aah ra- 
iii e h h a MarHHTHoro no^ia reHepaTOpOB, coxpa- 
meHHO HMeHyeMbie Am, aoahchm yAOBneTBopaTb 
c^enyroniHM ochobhmm TpeóoBaHHaM: 

1) HMeTb MaKCHMajibHyio ĎbiCTpoTy AeňcTBHa; 

2) CHHjKaTb HanpaxceHHe reHepaTopa ao bcah- 

MHHbl, He CnOCOČHOft nOAAepJKHBaTb BOAb- 
TOBy nyry b MecTe noBpex<AeHHa. 

flpH 9 tom HanpaiKeHHe Ha KOAbuax bo 3- 
SyUKTeua npn AeňCTBHH Am He aoahcho 
npeBOCXOAHTb BeAHHHH, AOnyCTHMblX A-na 
ero H30JIHIIHH. 

npoiiecc raiueHHa noiia xapaKTepn- 
3yeTca KpHBOH (tj)Hr. VIII, 65), npencTaB- 
flHIOmeň 33BHCHMpCTb Hanpa>KeHHH U z Ha 
3aatHMax CTaTopHOň oďmotkh reuepaTopa 
ot BpeMeHH rauieHHa. 

BpeMa t n , b TeaeHHe' xoToporo npax- 

THHeCKH TIOAHOCTbK) 3aK3HHHBaeTCH HpO- 
uecc ranieHHa, Ha3biBaeTca BpeueHSM 
nojiHoro rauieHHa. 3a stot npoMe- 
*yTOK BpeMeHH Hanpa>KeHHe CHHHcaeTca ao BeAH- 
HHHW U z ocm, Ha3HBaeMOft OCTaTOlHblM Ha- 

npajKeHUeM. riocaeAHee aoahcho 6biTb MeHb- 
uie ttzmin — MHHHMaAbHoro HanpaHceHHa, cnoco6- 
Horo noAAepjKHBaTb Ayry b MecTe noBpeacAeHHa. 

BpeMa t z , b TeaeHHe KOToporo HanpaxceHHe 
CHHacaeTca ao BeAHHHHbí u zm i n , HBAaeTca oahhm 
H 3 ocHOBHbix noKasaTeAeft KaaecTB Am. 

Rn a BbinoAHeHHa ochobhmx TpeĎOBaHHft, 

npeAT>aBAaeMux k Am, HeoSxoAHMO: 

1) yHHHTOHCHTb HAH CBCCTH K MHHHMyMy TOK 
i t b oĎMOTKe B036yHAeHaa reHepaTopa; 

2) norAOTHTb MarHHTHyio aHepraro noAa reHe- 
páTopa. 

ZIa a c^iy-iaa paÓoTbi reHepaTopa Ha xoaoctom 
xoAy HaKOHAeHHaa b HeM MarHHTHaa- aHeprHa 


it 

"&HOM 


W M 


(VIII, 93) 

(Z,«) OÓMOT- 


H npH H3ÍIHHHH B03ÓyHA6HHa Hepe3 MeCTO no- 
BpeKAeHHH MoryT 3aMHKaTbca HeAonycTHMbie 
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BBHAy ĎOAbmoS HHAyKTHBHOCTH 
kh B036yscAeHHa MarHHTHaa aHeprna AOCTHraeT 
óoAbuiHx BeAHMHH. OHa 3aTpyAHaeT npouecc ra- 
rneHHa, TaK KaK noAAepacHBaeT 
tok B036y»CAeHHa npn rameHiin 
noAa. 

florAomeHHe MarHHTHoň 
SHeprHH b npuMenaeMbix cxe- 
Max Am npoH3BOAHTca npe- 
TenAO B aKTHBHbIX conpoTHB^e- 
caMoro reHepaTopa (nanpHMep, 


BpameHHeM ee b 

HHHX 3-íieMeHTOB 



b caMofi oóMotxe B036yjKAeHHH, AeMn<|)epHMx 
KOHTypax) HJIH COnpOTHBJíeHHHX, AOnOJIHHTeJIbHO 
BBOAHMblX B IteiIH B036y)KAeHHa. 

CxeMa c pa3pwBOM uenn B036y>xaeHHH. 
npHHaanHajibHO HaaĎoaee npoerMM chocoďom 
rauieHHH noaa HBaaeTca pa3puB u,enii B036y>xae- 
hhh (([wr. VIII, 66). 

řípa pa3MbiK3HHH uena B 036 y>xaeHHH tok bo 3- 
ĎyacAeHna i e CHHacaeTca ao Hyaa. ConpoTHBaeHHe 
KOHTypa R, cocpeaoToaeHHoe b MecTe pa3MUKa- 
HHH, CT3HQ3HTCa paBHHM OO. 

flosTOMy HanpaaceHHe Ha KOHTaKTax Bbi- 
KJHoaaTeaa b ' HaaaabHbiň MOMeHT OTxaioHeHHH 
Ue === i$ • R (VIII, 94) 

b npe^eJie paBHO óecKOHeHHOCTH. 



4>nr. VIII,66. npMHi^Hn rameHHH <í>Hr. VIII,67. npHHmin 
nojisi nocpeacTBOM pa3pwBa raiueHHH iiojih nocpea- 

UeiIH B036y)K,HeHHH. CTBOM 3aKOpaqHBaHHH 4e- 

nH BO30y}KAeHHH. 

npaKTH^ecKH, ÓJiaro^apa KOHeHHoS ckopocth 
pa 3 MbiKaHHH KOHTaKTOB BHKJiKmTejia, hx nepe- 
xozmoro .ayroBoro conpoTHBJíeHHH h Bxo^HOň 
eMKocTH u,enH npoijecc rameHHH npOHcxoAHT 3a- 
Me^eHHo, npn KOHeqHbix 3 HaqeHHax nepeHanpH- 
xceHHfl. J\jm yMeHbiueHHH B 03 HHKaK)mHX nepeHa- 
npHHceHiiň b paccMaTpHBaeMoft cxeMe npHMeHa- 
iotch cneu,HaJibHbie aBTOMaTbi c yro^bHbíMH kok- 
TaKTaMH 3aMe^eHHOro aohctbhh. 

O^HaKO nepeHanpHxceHHH MoryT Bce ace na- 
CTHraTb 3HaqHTeJibHbix bg^ihkuh. riosTOMy AaHHaa 
cxeMa jxjiíí coio3Hbix reHepaTOpOB pacupocipa- 
HeHHH He nojiyqnjia. 

CxeMa c 3 aKopaMHBaHweM oGmotkh B03ĎyiK- 
jje hhh. Btopbim npocTbiM ciioco6om rameHHH no- 
jin Morjio 6w HBHTbcn npHMeHeHHe cxeMbi c 3a- 
KopaqnBaHHeM ueiiH B 036 y 3 K£eHHH ((jmr. VIII, 67). 

OnacHOCTb nepenanpKxceHHft Ha KO^bixax po- 
Topa npn 3 TOM cnocoóe rameHHH nojin He bo3- 
HHKaeT. O^HaKo OTHOCHTejibHO Majian BejiHHHHa 
aKTHBHOfO COnpOTHBJíeHHH OĎMOTKH B036y/K£e- 
HHH Re, npH ÓOJIbmOM 3HaHeHHH HHAyKTHBHO- 
cth L t , onpejotejiHeT 6 ojibiiiyioBejiHqHHy íioctohh- 
ho# BpeMeHH T 3 aKopoqeHHoro KOHTypa, onpe- 
Ae^neMyio cooTHomeHHeM 

r—(VIII, 95) 

Ke 


Emh npeHeóperaTb aonoaHHTeabHbíMH aeMir- 
(pHpyiomH MH KOHTypaMH, BbipaaceHHe Tona B03- 
éyjxaeHHa b jik>6oH momcht BpeMeHH t rameHHa 
mohcho npeACTaBHTb b caeayiomeM BHae [JI. 15]: 

__L . -£t 

let ==: íe Hai'& ^ — ífí nan' £ ^ . (VIII,S6) 
JXna 3 aTyX 3 HHH CBOČOaHOrO TOKa B 3aMKHyTOM 
KOHType ot Haaa^bHoro 3HaaeHHa TOKa B036yac- 
aemia Uhoh ao 3 HaqeHHa, paBHoro Hy^io, noTpe- 
ĎyeTca mhoto BpeMeHH. IloaTOMy stot cnoco6 
Ha npaKTHKe He npHMeHaeTca. 

CxeMa c BBeaeHHeM conpOTHBjíeHHa b uenb 
B 036 y>KaeHHH B 036 ya.HTeaa (ipar. Vlil, 68 ). řípu 




4>Hr. VIII.68. npHHUHn <řHr. VIII,69. IlpHHUHn ra- 

rameHHH no.ifl c BBeae- memia nojia c BBejeHHeM 

HHeM COnpOTHBJíeHHH COnpOTHBJíeHHÍÍ B rJiaBHVK) 

b uenb B036yacaeHHa uenb B03oy;KfleHna h uenb 

B036yuHTean. B03óya<aeHHa Boaóy.ime.ifi. 

-BBe^eHHH b uenb B 036 yacaeHHa B 036 yaHTeaa, 
HMeiomero b ropaaeM coctohhhh conpoTHBae- 
HHe r e , aoĎaBOHHoro aKTHBHoro conpoTHBJíe- 
hhh r=( 6 -í-10) r e , 9. a. c. B 036 yžiHTejia dbicípo 
CHHacaeTCHj flpouecc rameHHa, oaHaKO, nponcxo- 
AHT MefljieHHO 3a caeT Heóo^ibiuofi Be^iHHHHu ax- 
THBHOrO COnpOTHBJíeHHH B TJiaBHOfi uenH B036y»- 
AeHHH, ocTaBUieroca noc^e aeňcrBHa Am HeH3- 
MeHHbíM. B pe3yabTaTe BpeMa rauieHHa y moihhhx 
renepaTOpos MoaceT AOxojiHTb ao 60 ceK. h 6 oaee. 

Be^HHHHa ocT3TOHHoro HanpajKeHHH U socm 3a 
cqeT HeKOToporo TOKa B036yacaeHHa, cymecTByio- 
mero h nocjie rameHHa, BecbMa Be^axa h codaB- 
aaeT 15 —30«/o U !H0M . 

JJaHHaa cxeMa HBaaeTca oflHoň H3 HaHMeHee 
coBepmeHHbix. OaHaxo ee ocymecTB^eHHe BecbMa 
upocTo. B uacTHocTH b xanecTBe, ycTpoHCTB, ae- 
myHTHpyiomHX conpoTHB^eHHa r s , MoryT óbiTb 
HcnoJib30BaHbi npoMeacyTOHHbie perfe, HanpHMep, 
Tana 311-231 c napajiaeabHUM coeaHHeHHeM xoh- 
TaKTOB. riosTOMy cxeMa aonycxaeTca x npHMe- 
HeHHio Toabxo a^ia reHepatopoB c Hanpsace- 
HHeM 0,5 kV. npH Ui„om = (3-+- 10,5) kV ee hc- 
noab3yioT Toabxo npH OTcyTCTBHH 6oaee coBep- 
meHHbix aaa reHepaTopoB MomHOCTbio MeHb- 
rne 1 MW. 
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Cxewa c BBeueHHeM conpoTHBJíeHHft b uenb B036yiK- 
jieHHíi B 036 y,HHTejin h uenb BoóyutAeHHH reHepaTopa 
( ( } )Hr * VIII, 69). BKjiioqeHHe nocjieAOBaTejibHo c oómotkoh 
E036y>K,neHHn reHeHepaTopa, HMeiojueH b ropaneM coctohhhh 
conpOTHBJíeHHe R e , AonojiHHTejibHoro aKTHBHoro conpoTHB- 
jieHHq R = (3 5) R e , CHjibHo CHnacaeT nocTOHHHyio BpeMe- 

hii T uenn BOs6y>KAeHHH. JlosTOMy npouecc rameHna npo- 
kcxoaht 3HaqmejibHO čbiCTpee, qeM b cxeMe &Hr. VIII, 68, 
h /, = (6--8) ceK. * 

OcTaioqHoe HanpíDKeHHe U zocm onpeAejisieTCH b ochob- 

OCTaTOqHblM MaTH6TH3MOM nOJIIOCOB pOTOpa, T3K K3K i 8 
CHHHíaeTCH a o oqeiib Maaon BeanqHHbi. 



<í>Hr. VIII,70. npHHUHii <í>«r. VIII.71. ripHHiiHn ra' 

rameHHH nojin c BBe^e- iueHHH nojin nocpeACTBOM 

HHeM KOJieóaTejibiioro nepeKJiioqeHHH oómotkh bo3- 

KOHTypa b uenb HKopH óyaíAeHHH Ha conpoTHBJíeHHe 

B036yAHTejiH. c nocaejyioiuHM oTCoeAHHe- 

HHeM OT B036yflHTeJIH. 


B ueaoM cxeMa íio cbohm noKa3aTe;iHM HeMHorHM ycTy- 
ndeT HaiiĎojiee coBepmeHHbíM H3 cyiuecTByioiuHX ycTpoficTB 
H MOHCeT HCn0JIb30BaTbCH THKHte JlJIfl reHepaTOpOB ÓOJIbUIOH 
MOIUHOCTH H BblCOKOrO HanpHHCeHHH ÓOJIbUIHHCTBa KOH- 
dpyKUHH (3a ncKJiioqeHHeM HMeiomHx óojibuiHe ocTaToqHbie 
HanpjiHceHHfl y B036yAHTejin). B KauecTBe ycTponcTBa ajih 
J ieiUyHTHpOBaHHfl COnpOTHBJíeHHH R e H r a npH OTCyTCTBHH 
KomaKTopoB MOHceT 6bnb Hcnojib30BaH, HanpHMep, Hop- 
MajibHbifi BbiKjuoqaiejib BM-6 3 aBOAa „SjíeKTpoannapaT*. 

CxeMa c BBeuemieM „KOjieóaTejibHoro* conpoTHBJíe- 
hhh b uenb siKopn B036yAHTejiH ((})Hr. VIII, 70). BKJiioqe- 
HHe aKTHBHoro conpoTHBJíeHHA R ^ (2 -5- 3 ) R e b nenb hko- 
pa B 036 y^HTeJIH npHBOAHT K TOMy, ^TO TOK B 036 yXCaeHHH i e , 
npoflOJDKaioiuHH npoTeKaTb noA bjihhhhcm óoabiuoň KHAy k- 
thbhocth L e> b ochobhoh CBoeft uacTH 3aMKHeTCfl nepe3 06- 
MOTKy B036y>KAeHHH B 036 yAHTejiH h H3MeHHT ero nOJIHp- 
HocTb. H 3 MeHeHHe nojiapHocTH B036yAHTeJiH npHBe.neT k ne- 
peMeHe HanpaBJíeHHH Tona B036yHCAeHHH i 6 \ b pe 3 yjibTaTe 
3Toro MarHHTHan 9 HeprHH b uenn B036yHcaeHHH óy^eT 
yMeHbinaTbca, nepeíiAfl qepe 3 3HaneHHe, paeHoe Hyjno, 
h HaqHeT B 03 pacTaTb c npoTHBonojiOHCHbíM 3H3kom, ho yace 
ao MeHbmeft BejinqHHH. npouecc, 3aTyxaa, noBTOpneTca ao 
Tex nop, noKa He 6yAeT H 3 pacxoAOBaH Ha Tenjio Becb 3 anac 
MarHHTHOH SHeprHH. Ilocjie 9Toro reHepaTop h B036yAHTeJib 
oKancyTCH npaKTHqecKH noAHocTbio pa3MarHnqeHHHMH. 

flOCTOHHCTBOM AHHHOH CXeMbl HBAAeTCH OTHOCHTeAbHO 
He6oAbuioe BpeMH rameHHH nOAa t 2 npn nepeHanpaHceHHflx 
Ha KOAbuax poTopa 6oaee hh3khx, qeM b cxeMe VIII, 69, 

3a CqeT MeHbUIHX BeJIHUHH COnpOTHBAeHHH, bboahmwx 
b uenb HKopa B036yAHTeAH. 

HeAOCTaTKOM CXeMbl BBAHeTCH HeOÓXOAHMOCTb BOCCTa- 
HOBAeHHH OCTaTOHHOrO nOAH B03ÓyAHTeAH H HMeBUieHCfl no- 
JiapHocTH nocjie cpaóaTbiBaHHH Arn. B cxeMe AOJixcHa 6wTb 
T3K>Ke npeAycMOTpeHa npn paóoTe Am 3aMeHa uiyHTOBoro 
peocTaTa AcóaBoqHbíM aKTHBHbíM conpoTHBAeHHeM r, o6ec- 
nenHBaiOLUHM HeoóxoAHMbie KOHCTaiiTbi KOAeóaTeAbHoro koh- 
Typa. YKa3aHHoe ycaoncHaeT ocyiuecTBAeHne ycTpoHCTBa 
h ero SKcnjioaTauHK). 

rio3TOMy cxeMa c KOJieóaTejibHbíM KOHTypoM npHMene- 
hhh ajih reHepaTOpOB coK)3Horo npoH3BOACTBa He noayqHJia. 
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CxeMa c nepeKJiřOMeHHeM o 6 motkh B 036 y>K- 
AeHHH Ha conpoTHBJíeHHe ((})Hr. VIII, 71). Bo H3- 
óeacaHHe B03HHKH0BeHHH HeAonycTHMbix nepeHa- 
npH^KeHHH nepeKJiioqeHHe nponcxoAHT 6e3 pa 3 - 
pbiBa uenH B036yncAeHHH nocpe^CTBOM cneunajih- 
Horo KOHTaKTOpa. npH 3TOM HaÓJIIO^eTCH CJie- 
Ayiomaa o^epejiHOCTb onepauHž: 

1) OĎMOTKa B036y}KAeHKH 3aMbIKaeTCH Ha ao- 

nojiHHTejibHoe conpoTHBJíeHHe R; 

2 ) npoH 3 BOAHTcn ee OTCoe^HHeHHe 0 T.B 036 y- 

AHTeJIH. 



4>nr. VIII, 72. npoTeKaHHe TOKa b uenn B03Óy}KAeHHH npH 
AeficTBHH Am, BbinoAHeHHbix no pa3JinqHbiM cxeMaM: 

« — no cxeMe Vlil, 68; 6 — no cxeMe Vlil, 71; e — no cxeMe VHI» 70. 

OcTaTOMHoe HanpHjKeime U 20 cm onpeae^HeTCH 
TOJIbKO OCTaTOHHblM M3rHeTH3MOM nO^IOCOB pO- 
Topa reHepaTopa, TaK KaK B036yaHTe^ib noc^e 
aeňcTBHH racHTejibHoro ycTpoňcTBa OTK^ioqaeTCfl. 
Ero BeJiH^HHa oóbiHHo He npeBoexoaHT 150 V. 
BpeMH rauieHHH nojiH 33 bhcht ot BeJiHHHHM npH- 
MeHneMoro conpOTHBJíeHHH R h npHMepHo coBna- 
AaeT c BpeMeHeM rameHHH npH HcnojibsoBaHHH 
cxeMbi $Hr. VIII, 69, t. e. ajih e^ynaH xojiocToro 
xojia reHepaTopa t z ^ ( 6 -^- 8 ) cei<. 

CpaBHHTejibHaH KapTHHa npoTeKaHHH rameHHH 
nojiH no AaHHofl cxeMe h cxeMaM, paccMorpeHHUM 
paHee, a^h oAHoro nacTHoro cjiynaa npHBeneHa 
Ha $Hr. VIII, 72. 

PaccMaTpHBaeMbiň cnocoó rameHHH no^iH no- 
jiyHHJi b Coio3e mapoKoe pacnpocrpaHeHHe. 

B ne^iHX ycKopenHH npoiiecca rameHHH nojiH 
Be^HHHHa R AOJIHíHa BbIÓHpaTbCH MaKCHMa^bHOft 
b npejie^iax ^onycTHMHx nepeHanpHHceHHft. Pa- 
cneTHaH ero Be^HHHHa onpe^e^aeTCH AonycTH- 
mo 8 BejiHHHHOň nHKa nepeHanpHHceHHH Ha Ko^b- 
uax poTopa npH AeňCTBHH Am. ÍIo HopMaM B3C 
HcnbiTaTe^ibHoe HanpHHceHHe U B( . n oómotkh bo 3- 
óyacaeHHH reHepaTopa paBHO U ac/t — 10 U H0M , npn- 
neM 2 000 < U ucn < 3 500 V. 

OčbíHHO nnn 3anaca BbiňHpaioT pacneTHoe 
3 HaneHHe U emax HecKOJibKO MeHbmHM, t. e. 
Usm™ = k H U acn , r^e k H < 1. Ao6aBOHHoe conpo- 

THBJíeHHe R esa f /| ' max , £ r o Be^IHHHHa OÓblHHO 
max 

. JieacHT b npe^e^ax R = (3 -s- 5) R e . 



PacueTHbifl tok b uena B036y>KAeHHH i em a* bh- 
SapaeTca c yqeTOM HaHxyAuiHX yc^oBHň, hto 
HM eeT MecTO b c./iyqae Tpex<J)a3Horo 3aMbiK3HHa 
Ha 3aacHMax reHepaTOpa, Koraa Ha nocTOHHHbift 
tok HaK^aflbiBaeTca eme caaraio mas-roKa Hec.Ta- 
UHOHapHoro peacHMa. 

CxeMa racHTe^bHoro ycTpoňcTBa, nocTaB^ae- 
Moro X3M3, jyia reHepaTopoB c tokom B03Óy)K- 
achhh ao 800 A npHBeAeHa Ha <f>Hr. VIII, 73. 

7fa QpiKJimieti 



| m ' '— 


•Par. VIII, 73. CxeMa c nepeKaioqeHHeM 06 - 

MOTKH B036yHCaeHHH na conpoTHBaeHHe 
b BbinojiHeHiiH X3M3 fljia reHepaTopoB 
c tokom B03Óy>Kflenníi jo 800 A. 


y CTpoňcTBO coctoht H3: racHTeabHoro conpo- 
THB^ieHHH 1 , KOHTaKTopa 2 c 3ame.HKoň 3 , npoMe- 
HcyToqHoro pejie 4 c 3aMbiKaiomHM koht3ktom, 
nepeK^íoqaTejia ynpaB^eHHH 5 h AeňCTByeT b 
c/ieAyiomeM nopaAKe. 

1. BKJiioqeHHe ycTpoftCTBa. BKjiioqe- 
HHe ycTpoňcTBa npoH3BOAHTca c noMombio nepe- 
KJiioqaTejiH ynpaBjíeHHH 5 . npH HaacaTHH khoiikh 
„BKaioqeHo" tok npoxo^HT qepe3 oóMOTKy koh- 
TaKTopa 2 , KOTopbiň BKjnoqaeTca, 3aMHKaa koh- 
TaKTOM a u,enb B036yxcAeHHH reHepaTOpa h 3aTeM 
pa3MUKaa KOHTaKTOM b uenb racHTejibHoro co- 
hpOTHBJíeHHH /. npH BK^HjqeHHH KOHT3KTOpa 2 

sKopb 3amejiKH 3 hoa B^HHHHeM cočcTBeHHoro 
Beca na^aeT, pa3MbiKaa cboA BepxHHň koht3Kt 
h 3aMbiKaa hhjkhhS. Tok b oSmotkc KOHTaKTopa 2 
Hcqe3aeT, oah3ko 3anepTbiň 3aiue./iKo& 3 koht3k- 
TOp OCTaeTCH BO BK.flIOqeHHOM HOJlOHCeHHH. 

2. OTK^ioqeHHe ycTpoňcTBa. Otkjho- 
qeHHe ycTpoňcTBa npoH3BOAHTca nepeK^ioqaTe- 
^eM ynpaB^eHHH 5 , ot pyKH h./ih ot pe^ie 3amHTbi 
ÁaHHoro reHepaTOpa. riptí HaacaTHH khoiikh ne- 
peKaioqaTeaa 5 „OTKjnoqeHO® hjih npH agřctbhh 
pe^eflHoň 3 amiiTbi reHepaTOpa cpaóaTbiBaeT npo- 
MexcyTOHHoe pe^e 4 ., 3aMbtKaa uenb očmotkh 3a- 
meAKH 3 h qepe3 ee BepxHHft 3aMKHyTuň koh- 
TaKT uenb oďmotkh KOHTaKTopa 2. ÍIoc^eAHHfl 
npn 9tom HecKOJibKO npHTHrHBaeTCH, oc^aé^aa 


AaB^ieHHe Ha 3ameJiKy 3. 5ÍKopb 3ameaKH 3 noA 
AefíCTBHeM cBoeň oSmotkh BTarHBaeTca, pa3MH- 
Kaa hhhíhiok) napy cbohx koht3ktob h 3aMUKaa 
BepXHKHO. 

06motk 3 KOHTaKTopa 2 ^HUiaeTca nHTaHHa, 
h oh OTKJiioqaeTca. npH stom CHaqajia 33MbiKaeT- 
ca K0HT3KT b, BKJHOHaa OČMOTKy B036y)KfleHHa 
reHepaTOpa Ha pa3paAHoe conpoTHBJíeHHe, noc^ie 
qero 3 aMbiKaeTca koht 3 kt a, oTCoeAHHHH 06- 
MOTKy B036yacAeHHa ot OAHoro noAioca B036y- 
AHTeaa, 

Ha npouecc raraeHHa OKa3HBaeT BJiHHHHe pe- 
&hm paóoTH reHepaTOpa, npeAinecTByiomHft Aeft- 
ctbhk) aBTOMaTa, Ilpn paSoie reHepaTOpa c ao- 
CTaToqHO Oo.ibmofi HHAyKTHBHOň Harpy3K0ft A-na 
KóMneHcapHH peaKUHH anopa TpéžyéTča 3 fla- 
HHTe^bHoe noBbiuieHHe Tona B036y)KAeHHH, á 
sto npHBOAHT npn rameHHH noaa k yBeaHqeHHio 
nHKa nepeHanpaaceHHH na Koabuax poTopa. 

npH Me>KAy4>a3HOM 3aMbIK3HHH nOA BaHaHHeM 

peaKUHH aKopa yMeHbmaeTca noTOKocuenjieHHe 
c oĎMOTKoň B036y>KAeHKa, Mjih, hto to Hce caMoe, 
yMeHbiuaioTca hx pe3yjibTHpyiomHe HHAyx- 
THBHOCTH H 9TO npHBOAHT K yCKOpeHHIO npOAeC- 
ca rameHHH nojin. 

TaKHM o6pa30M npH KOpOTKOM 33MUKaHHH 
h oTcyTCTBHH y reHepaTOpa óbiCTpoAeftcTByiomHX 
peryjiHTOpOB HanpaaceHHa BpeMH rameHHH yMeHb- 
uiaeTCH. 

Oah3ko ne^biS paA BHyTpeHHHx noBpeacASHHíi 
óojiee 6^H30K k ycJiOBHHM xo^ocToro xoAa reHe- 
paTopa, hto Tpe6yeT yqeTa BpeMeHH rameHHH 
noaa hmchho b bthx yc^OBnax [JI. 16; JI. 17]. 

PaccMOTpeHHaa CxeMa aBTOMaTa rameHHH no- 
jih MoaceT ébiTb npHMeHeHa k reHepaTopaM ^io- 
6oň moihhocth. 

ripH B03Ďy>KAeHHH OT o6lUHX UIHH HJIH H3JIH- 
hhh pe3epBHoro B036yAHTe^a paccMaTpnBaeMaa 
cxeMa npHMeHaeTCa He c oahohoAiochhm, a c 
ABOftHHM pa3puBOM pěna B036ya(AeHHa reHepa- 
Topa. Oh TaKiKe He^aTeJieH c tomkh 3peHna hhk- 
BHAauHH noBpeacACHHa npn 3aMHKaHHH Ha 3eMJiio 
b Aeyx Toqxax uenH B036yxM,ema. 

20. nPOTHBOnOMÍAPHblE yCTPOfílCTBA 

Ha3HaqeHHe. ripaKTHKa noKa3biBaeT, hto paA 
aBapnň b oĎMOTKax reHepaTopoB conpoBoacAaeTca 
noHcapaMH. ripnanHofi noacapoB HBaaeTca Ayra 
B MeCTe 33MbIKaHHH, KOTOpaH npH AOCTaTOMHOM 
ocTaToqHOM HanpaaceHHH cnocoĎHa cym,ecTBOBaTb 
Aaace nocjie OTKJiioqeHHH reHepaTOpa ot mHH. 

CTeneHb pa3pymeHHň b reHepaTope b 3Haqn- 
Te^bHOň Mepe 33 bhcht ot npoAO^»HTeabHOCTH 
noacapa. Pa3Mep noBpextAeHHH h CTOHMOCTb boc- 
CTaHOB^ieHHH reHepaTOpa noc^ie aBapHH qacTO He 
CTOJibKo 33BHCHT ot xapaKTepa nepBOHaqaabHoro 

nOBpeHCAGHHfl, CKOJIbKO OT SbICTpOTH JIHKBHAaAHH 
B03HHKmero noBpeacAeHHa h ot pa3pyniHTeJib- 
hhx noc^eACTBHft A-anTe^bHo npoAO^HtaBmeroca 
noxcapa. 
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Mto6m orpaHHqim, pa3uep noacapa h coKpa- 
THTb ero A-íHTe^bHocTb, CTpeMHTCH vum coBep- 
meHHO BpeKpaTHTb KUIH MaKCHM3./IbHO CHH3HTb 

flOCTyn KHCJiopOAa k MecTy noBpeacAeHHH. C stoíí 
ue^bK) b MOMeHT noBpeacAeHHH npeicpainaioT ao- 
CTyn aoSaBOMHoro B03,n,yxa b CHCTeMy ox^aacae- 
hhh reHepaTopa h bbojiht b .aeňCTBHe cneuna/ib- 
Hbie npOTHBonoacapHwe yCTpoňCTBa. 

Rjih TymeHHB noacapa b reHepaTopax npuMe- 
hhiotch HHepTHbie ra3M (oóbiqHO yraeKHCao- 


qTOÓM BO BCC BpBMfl Bh 6 O Í3 rCHCpBTOpa KOHU6HTpHU,HB Ví*- 
JI6KHcjroTbi nojwepxcHBajiacb paBHofi npHMepHO 30 40/o. 

npH ^eHCTBHH 3amHT reHepaTopa ot BHyTpeHHHx no- 
BpeacaeHHH yrjieKHCflOTHaH yciaHOBKa paóoiaeT b cjieflyio- 
meM nopnjnce: 

1) .neftcTByeT sjíeKipoMarHHT 9, pacuenann pbmaxcnyio 

CHCTeMy 8 ; 

2) Fpy 3 16 CHdeMbi, nanan, OTKpHBaeT ojiHOBpeMeHHo 
BeHTHJiH 17 Ha TpyéonpOBOjax 13 h 15 , nojiroTOBjíHH hx 
rjih nojiann yrjieKHCJioTu b noBpenc^eHHbiH reHepaTop; 

3) OíHOBpeMeHHO KOHTaKTOM 18 CHCTeMbl 33MWKaeTCH 
nenb, nojiaioman HanpHaceHHH Ha afleKTpoMarHHT 5 MrHOBeH- 
Horo BbinyCKa h motop 19 3aMeAJieHHoro Bnycica; 

4) AeitCTByeT sjíeKTpOMarHHT 5 , pacqenjiHH pMHancHyio 
CHCTeMy 20 ; 





i 



0m Ltcmo*/^ * A 
ffuna napa 


Ompy*u 


CoeduHeHue wBepmbrSaeMoe 
-Bpywyto npu BnnrtWÉHuu 


4>ar. VIII,74. noaBOA 
TymeHHH noHcapa 


MflToro napa 
b reHepaTOpe. 




Ta C0 2 ), a TaKHce MHTbíň nap, BnycKae- 
Muň b oóuqHO 3aMKHyTyio CHCTeMy 
UHpKyjiauHH oxjianc^aiomero B03£yxa. 
IlpHMeHeHHe napa ((Jwr. Vlil, 74) 

HMeeT TOT He^OCTaTOK, MTO oh o6yc- 
JI0BJIHB86T npOHHKHOBeHHe 3HaHHTeJIb- 
Horo KOJiHnecTBa BJiarn b mojisuxmo 

OĎMOTOK H HeOÓXOAHMOCTb B CBH3H 
C 3THM HX TmaTeJIbHOň npOCyiHKH 
nocjie peMOHTa noBpexcAeHHoro reHepaTopa 
[JI. 18]. 

llosTOMy BnycK napa npoH3BOAHTCH 
BpyqHyio aexcypHbíM nepcoHa^OM, a He 
THnecKH ot 3amHT. npH HOpMaJIbHOJS 
AOJIXCHa ĎbITb HCKJUOneHa B03M0XCH0CTb 
HOBeHHH napa nepe3 HenjiOTHOCTH 



4>Hr. Vlil, 75. ripHHUHiiHaJibHan cxeMa yrjieKHCflOTHOH 
hobkh ajih TymeHHH noncapa. 


yda- 


TO/íbKO 

aBTOMa- 

pačoTe 

npOHHK- 


3aABHXCeK. 

TymeHne noxcapa noMombio HHepTHbix ra30B 
HBJíneTCH 6ojiee GOBepuieHHbíM cnocoóoM, Tax 
Kax HHepTHbie ra3u He OKa3biBaioT Ha H3o^5niHio 
oďmotok reHepaTopa Bpe^Horo bjihhhhh. 

yrjieKucjioTHan ycTaHOBica ajisi TymeHHH noHcapa 
b reHepaTopax [JI. 19]. YcTdHOBKa ($nr. VIII, 75) coctoht 
H 3 óaTapen cTajibHHx óajuioHOB 2 h 3, HanojiHeHHwx hchjikoh 
yrJieKHCJiOToň, HaxoAHmeficH noa AHBjíeHHeM b HecKOJibKO 

AeCHTKOB ^TMOC^ep. 

3Ta óaTapen CMOHTHpOBaHa Ha njiomajuce 10 KOHTpoflb- 
hux BecoB, KOTOpue npe,HHa3HaqeHbi jjjih kohtpo^h 3a ot- 
cyTCTBHeM yxeqKH yrjieKHCJioTH H3 óaJiJiOHOB. BajuiOHbí 6a- 
Tapen pa3,nejieHbi Ha jiBe rpynnw 2 h 3. 

Tpynna ^ npe,nHa 3 HaqaeTCH ajih MrHOBeHHoro BbinycKa 
yrjieKHCJioTbi b re/.epaTOp qepe 3 koji^cktop 12, oómHH juih 
B cex reHepaTopoB h Tpy 6 onpOBO,n 13 aaHHoro reHepaTopa. 
BTopaH rpynna 3 npeAHa 3 HaqaeTCH ajih nocTeneHHoro ao- 
čaBoqHoro Bnycxa khcjiotbi b reHepaTop, nyTeM nooqepeji- 

Horo OTKpbITHa ÓaJIJIOHOB, paCCHHTaHIIOrO T3KHM o6pa30M, 
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5) pbinaacHbie CHCTeMbl 4 óaaJioHOB MrHOBeHHoro nycxa 2 
c noMombio rpy30B 4 oTKpuBaioT hx; yrjieKHCJiOTa b bhao 
ra3a HanpaBJíneTCH no KOJiJieKTopy 12 h TpyóonpOBOAy /3 
b reHepaTop; 

6 ) motop 19 c MexaHHnecKHM peayKTopoM nncjia oóopo- 
tob 6 MeAJieHHo noBopannBaeT BaaHK c Haca&eHHbíMH Ha 
Hero no a pa3HbiMH yrjiaMH KyaaqxaMH 21; 

7) Kyjia^KH 21 noonepe,HHO ocBo 6 ox<flaioT pwqaHCHbie 
CHCTeMbl 4 óajuiOHOB 3, nocTeneHHO BnycKaa yr^eKHCJiOTy; 
AoóaBonHbie nopuHH yrjieKHCJioTbi b BH.ae ra3a HanpaBjnnoT- 
ch no Ko^JieKTopy 14 h TpyóonpoBOAy 15 b renepaTOp. 

yrjieKHCJioTHan yCTaHOBKa mohcct čbiTb jiHCTaHUHOHHo 

npHBejieHa b jieHCTBHe ot pyKH jie}KypHbiM nepco- 
najiOM MauiHHHoro 3ajia, ecJiH oh 3aMeTHT noHBJíeHHe H3 re- 
HepaTOpa jibíMa' hjih othh. 

KoHTpojibHbie Becbi 10 ycTaHOBKH CHaóxceHbí cnrHajib- 
HblMH KOHTaKTaMH 11, OÓyCJlOBJIHBaiOmHMH paÓOTy 3ByKOBOH 
h CBeTOBon CHrHajiH3auHH CTaHUHH npn yMeHbineHHH Beca 
óajiaoHOB, HanpHMep, BCJieacTBHe yTe^KH H3 hhx yrjie- 

KHCJIOTbl. 

PaccMOTpeHHoe ycTpOHCTBO peKOMeH^yeTCH k ycraHOB- 
xe Ha MomHux TypóoreHepaTOpax h Ha rH^poreHepaTopax, 
HMeiomHX 3aMKHyTyio ipipKyjiHUHio oxflaxc.ua B03- 
flyxa. 

HeoóxojiHMo OTMeTHTb, n H o yrfleKHCflOTHue ycTaHOBKH 
MOryT ÓbITb BblHOflHeHbl H C OflHOBpeMeHHUM HX HCnOAb30- 
BaHneM ji jih TymeHHH noxcapoB b jipyrHx bo3mohchmx ona- 
rax hx Ha CTaHUHH. 



21. nPHMEP nOJIHOH CXEWbl 3AIll,HTbI TEHEPATOPA 
MOIUHOCTbK) 12 MW, HAFIPÍDKEHHEM 6,3 kV, PAEO- 
TAíOmErO HEÍIOCPEil,CTBEHHO HA lllHHbl 
({l)nr. VIII,76) 

,Axh renepaTOpa npeaycMOTpeHbí cxeAyiomHe 
BHAbi 3amHT h AonojiHHTejibHbix ycTpoňcTB: 

1) 3amHT3 OT CBepXTOKOB; 

2) AH^epeHuna^bHaH tokob3h npoAoxbHaa 3a- 
iHHTa; 


rxaBHoro h HyxeBOro BHKxio»iaTexea< h 3btom3t 
rauieHHH mna. 

HeoóxoAHMocTb aeňcTBaa MaKCHMaxbHoS to- 
KOBofi 3ainHTbi Ha aBTOMaT rameHHa noxa o6y- 
cxoBXHBaeTca: 

1) TeM, hto paccMaTpaBaeMaa saujHTa aBxa- 
eTca pe3epBOM k 3amHTe reHepaTopa ot BHyT- 
peHFHX MHOro4)a3HbIX 3aMblKaHHň; 

2) TeM, hto TOJibKO OHa AeňCTByeT npa mho- 
ro$a3Hbix 3aMbiKaHHax, xeacamHx b 3one Mewxy 


2’-t0kV 



-om AM. 
->A AM. 


<J>nr. VIII, 76. ílpHMep BbinoJi- 

HeHHfl nOJIHoS CXeMH 3aiUHTbl 
reHepaTopa MomHodbio 12 MW, 
HanpH>K6HH6M 6,3 kV, pa5oT3K)^ 
mero HenocpeACTBeHHo Ha mrnibi 
reHepaiopHoro HanpaHceHHH. 


7,2 — TpaHc^jopMaTopbi Tona c n —' 


1500 


m 

3a HCKJIIOH6HH6M CepACHHHKd 

JWIH 3amHTbI OT 3aMbTKaHHft Ha 3eMJU0 r 
1 500 , 

HMeiomero n m — 3 — TpaHcc|)op~ 

MaTOp HanpflHceřfHíi nHTHmeHKejibHbifi; 

4 — conpoTHBJíeHiie 3a3eMaaiomee CB; 

5 — TpaHc4>opMaTOp HanpHHíeHHH oaho- 

iJ)a3Huň c n H = —z / 0,1, npn OTcyT- 
ctbhh ero ycTaHaBJíHBaeTCH c n H = 


=3/ 0,1; npHcoeAHHíieMbifl k omaflKe hs 
eonpoTHBJíeHHH 4\ 6 — conpoTHBAeHne 
AO&aBOHHoe BY-56; 7 — conpoTHBAeHne 
AOÓaBOHHoe BY-59/2; 8 — pejie MancH- 
MajibHoro Tona 3T-61; 9 —pe.ne MaiccH-- 
MajibHoro TOKa 3T-61; 10 — pe.ne miihh* 
MajibHoro HanpJUKeHH» 3H-69; 77—pejie 
npOMencyTOHHoe 311-401; 72 — pe.ne 

BpeMeHH 3B-182; 13 — conpOTHBJíeHUG 
AoóaBOHHoe By-52; 14— pejie MancHMaab- 
HOfl moiuhocth H ME-1 63 vuin H M-143 j. 

75 — pejie npoMeHíyTOMHoe 311-401; 

76 — pejie npoMeiKyTo^Hoe 311-231; 
77—6AHHKep3C-91; 75—KHonna Ky-1461, 


3) 33WHTa MaKCHMaXbHOfl MOmHOCTH HyxeBOŘ 
nocxeAOBaTexbHOCTH; 

4) aBTOMaTHaecKoe ycTpofiCTBO &ji a rauieHHa 
MarHHTHoro noxa; 

5) ycapoflcTBO axh TymeHHa noxcapa. 

3amHTa BbinoxHeHa Ha oóopyAOBaHHH X3M3. 

SamHTa ot CBepXTOKOB. OcHOBHbíM 3Haae- 

HHeM 3amHTbi aBxaeTca 3aiu,HTa reHepaTopa ot 
CB epXTOKOB, OČyCXOBXeHHbIX BHeiílHHMH 3aMbIKa- 
hhhmh, a Taxxce neperpy3Koň. KpOMe Toro 3a- 
IHHTa OT, CBepXTOKOB HBXHeTCH pe3epBOM K OC- 
hobhoř 3auiHTe reHepaTopa ot MexcAyc})a3Hb!x 
3aMbiKaiÍHň. ŠamHTa reHepaTopa ot BHeiiiHHX 3a- 
MHKaHHft ocymecTBxeHa xan 3auxHTa MHHHMaxb- 
Horo HanpaxceHHH c tokoboS ďxokhpobkoS (pexe 
9, 10, 11 h 12). Mepe3 BbixoAHoe npoMexcyToa- 
Hoe pexe 16 3aiHHTa AeňCTByeT Ha OTKXioaeHHe 


BHeniHHMH TpaHC(})OpMaTOpaMH TOKa AHtjjepeH" 
UHaXbHOH TOKOBOň 3aHIHTbI H rX3BHbIM BbIKXK)aa- 
TexeM; 

3) HexcexaTexbHOCTbio AXHTexbHoro noBHme- 
hhh HanpajKeHHH Ha reHepaTope npa aBTOMaTH- 
aecKOM OTKXjoaeHHH ero or CHCTeMbi, conpoBOK- 
AaBHiHMca cópocoM Harpy3KH. 

JlefiCTBHe 3amHTbi Ha nyxeBoň BbiKxroaaTexb 
Bbl3B3HO KexaHHeM He yCT3HaBXHBaTb BTOporO 
BbixoAHoro npOMexcyTOHHoro pexe, keoĎxoAH- 
Moro b 9tom cxyaae Axa OTxexeHHa ot 3amHT, 
AeňCTByiomHx Ha stot BbiKxioaaTexb. 

3anuiTa reHepaTopa ot neperpy30K ocymecr- 
BxeHa nocpeACTBOM MaKCHMáxbHofl tokoboíi 3a- 
mHTbi, 1 ycTaHOBxeHHOň b oahoA <J)a3e (pexe 9) w 
AeficTByiomeň Ha cnniax. 
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U,H(})epeHUHajibHaH TOKOBaa npoAOAbHaa 3a- 
m»Ta. HaaHa^eHHeM AH(})epeHnHaAbHoň tokoboA 
3aui,HTbi (peAe 5) HBAaeTca 3amnTa oómotkh re* 
HepaTOpa ot MHoro(|)a3Hbix 3aMbiKaHHň. 

^epea BbixoAHoe npoMeacyTOHHoe pejie 3a- 
mma AeftCTByeT Ha OTKAioneHHe rAasHoro h 
H jvieBoro BbiK^JOHaTe^eů h 3btom3t rauieHHH 
noAa. 

>Ke^aTe^bHOCTb AeňcTBHH AHiJjepeHiiHaAbHoft 
roKOBofi 3amHTH Ha HyjieBOŘ BbiKAroaaTeAb oóy- 
wiOBaHBaeTCH Ha3HaHeHHeM 3amHTbi AeficTBOBaTb 
npil ABOňHblX H AByx4>a3HbIX 33MbIKaHHHX Ha 
3eM./iK), npa kotopmx aepe3 3a3eMAHiomee conpo- 
THB/ieHHe npoTeKaeT tok 3aMbiKaHH9 Ha 3eMJiio, 
oóycjiOB^iHBaiouíHň cooTBeTCTByiomee BbiJKuraHHe 
CTa/in CTaTOpa. 

3auiHTa MaKCHMaJibHOň moiuhocth HyjieBOfi 
■nocjieiiOBaTejibHOCTH. Ochobhhm Ha3HaHeHHeM 
3amHTbi aBAaeTca 3aui,HTa reHepaTopa ot oaho- 
4>a3HHX 3aMHKaHHS Ha 3eMÁio (peAe 14). 


3amHTa paóoTaeT Ha 3Kthbhom Tone 3aMHKaHHa 
Ha 3eMjno, co3a.aHHOM nocpeACTBOM 333eMAeHHa 
HyjieBOň tohkh reHepaTopa nepe3 aKTHBHoe co- 
npoTHBJíeHHe, paccHHTaHHoe Ha AAHTeAbHbiň tok. 

JXji h npe^OTBpanxeHHH HeceAeKTHBHoro AeftCT- 
BHH 3afflHTbI npH CBepXTOKaX, COnpOBOJKflaíOmHXCH 
sa.MbiKaHHeM Ha 3eMJiio b CHCTeMe reHepaTopHoro 
HanpHHCeHHH, 3aiII,HTa aBTOMaTHHeCKH BblBOAHTCH 
H3 aeňCTBHH Ha BpeMH CymeCTBOBaHHH CBepXTO- 
KOB nOCpeflCTBOM TOKOBblX peAe 9 3aiHHTbI MH- 
HHMajibHoro HanpaHceHHH h ĎbiCTpoaeňcTByiomero 

npoMexcyTOHHoro peAe 15 c AByMH HOpMaAbHO 

33MKHyTbIMH KOHT3KTaMH. 

Hepe3 BuxoAHoe npoMeacyTOHHoe peAe, 06 - 
mee c AHcjjepeHnHaAbHoíí tokoboS 3am.HToň, pac- 
CMaTpHBaeMaa cxeMa AeňcTByeT Ha ^oTKAroaeHHe 
rjiaBHoro h HyAeBoro BHKAioaaTeAeň h Ha 3 bto* 
MaT rameHHH noAH. 

SamHTa ot nomapa b reHepaTOpe ocymecT- 
B^aeTca noABOAOM k HeMy BpyaHyio MHToro napa. 


TJ1ABA IX 

3AIUHTA TPAHCOOPMATOPOB 


1. HA3HA4EHHE 3AUI.HTbI 

B COBpeMeHHbIX 3AeKTpHHeCKHX yCT3HOBKaX 
TpaHC(J)opMaTop HBAaeTCa BecbMa OTBeTCTBeHHbíM 
H ueHHblM 3AeMeHT0M CHCTeMbl. 

KoHCTpyKUHa TpaHCt})opMaTopa OTJiHHaeTca 
npOCTOTOH H Ha^eMCHOCTblO b SKcnAoaTauHH, HO, 
xax noKa3biBaeT npaKTHKa, sthm He HCKAionaeTca 
B03M0HCH0CTb B03HHKH0BeHH9 neAOTO pH^a nO- 

BpexcneHHft h HeHopiwaAbHbix peacHMOB b ero 
paóoTe. 

B TpaHc^iopMaTope MoryT 6biTb CAeAyiomHe 
BH/ibi ajieKTpHaecKHX noBpejKAeHHfí: 

1) Tpex<j)a3Hbie 3aMUKaHHa; 2) AByxc})a3Hbie 
3aMbiK3HHH; 3) OAHO(J)a3Hbie 3aMUKaHHa: a) 3aMbi- 
K3HHH OAHOŘ (})a3bl Ha 36MAI0, 6) 3aMbIK3HHH MOK- 
Ay BHTK3MH OAHOň (j)a3bl; 4) 33MbIKaHH9 MeHCAy 
o6motk3mh pa3Horo HanpajKeHHa; 5) pa3pbiB ctě¬ 
na; 6) no»ap aceAesa cepAeaHHKa. 

OCHOBHblMH HeHOpMBAbHblMH peHCHM3MH paĎO- 
tu aah TpaHC<|)opMaTopa HBAaioTca: 

1) B03HHKH0BeHHe CBepXTOKOB; 2) nOBblUieHHe 
TeMnepaTypbi CBepx ycTanoBAeHHoro 3 HaneHHa; 
3) noHHHceHne ypOBHa MacAa; 4) nonaAaHHe bo3- 
Ayxa b MacAo. 

J3.ah oňecneHeHHH 6ecnepe6ofiHoň paóoTbi 
CHCTeMH H OAHOBpeMeHHOTO OrpaHHHeHHH IIOCAeA- 
CTBHŽ nOBpe)KAGHHň H HeHOpMBAbHblX peHCHMOB 
paóoTbi aah KaacAoro TpaHCijjopMaTopa ycTaHaB- 
AHBaioT cneuHaAbHbie 3amHTHbie ycTpoflcTBa. 

řípa noBpeacAeHHH b TpaHc<|)opMaTope 3autHTa 
AOAHCHa npoH3BOAHTb OTKAIOHeHHe BCeX BblKAIO- 
aaTeAeň, ^epe3 KOTOpbie mohcct nocTynaTb nn- 
T3HHe. 
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npH HeHOpMaAbHOM peHCHMe B 33BHCHMOCTH 
ot ero onacHOCTH npoH3BOAHTca OTKAioneHKe 
TpáHC<J)opMaTopa hah noAaeTca cnrHaA oScAyacn- 
BaiomeMy nepcoHaAy (Ha noACTaHUHax, HMeioninx 
AeacypHHň nepcoHaA). 

OCHOBHblMH BHAaMH 3aniHTHHX yCTpOftCTB AAH 
CHAOBblX TpaHC(|)OpMaTOpOB CAyjxaT: 

1) MaKCHMaAbHaa TOKOBaa 3am.HTa Kax 3amHTa 
OT CBepXTOKOB H BHyTpeHHHX MHOrO<í>a3HbIX 3a- 
MbiKaHnň; 

2) npoAOAbHaa AH^epeHunaAbHaa tokob3h 3a- 
mHTa ot 3aMbiKaHHň b TpaHcc})opMaTope, Ha bm- 
BOAHblX BTyAKaX H B npOBOAaX, COeAHHHIOmHX 
TpaHC(|)OpMaTOp C UIHH3MH; 

3) ra30Baa 3aujHTa ot Beex noBpeaíAeHHfl, 
B03HHKaioiHHX BHyTpH KOHcyxa TpaHciJiopMaTOpa, 
conpoBOHtAaiomHxcH BbiAeAeHHeM ra3a, a Taxate 
OT HeKOTOpUX HeHOpMaAbHbIX peHCHMOB (nOHHHCe- 
Hae ypoBHH MacAa h nonaAaHHe b Hero B03Ayxa); 

4) 3auiHTa MaKCHMaAbHoro TOKa hah m3kch - 
MaAbHOÍi MOmHOCTH HyAeBOÍt nOCAeAOB3TeAbHO* 
CTH OT OAH04>a3HbIX 3aMbIKaHHň Ha 3eMAIO. 

2. nEPErPy3KA TPAHC4*OPMATOPOB 

Bonpoc o AonycTHMbix neperpy3Kax TpaHC- 
4>OpMaTOpOB CBepx HOMHHaAbHOÍi HX MOUIHOCTH 
HBAHeTCH OAHHM H3 BecbMa BajKHbIX B HX BKCnAOa- 
Tan,HH. 

3a HOMHH3AbHyiO MOUIHOCTb TpaHC(J)OpMaTOpa, 
yxa3aHHyio Ha ero ru,HTKe, npHHHMaeTca Ta moih- 
HocTb, KOTopyio TpaHc4>opMaTop cnocoóeH He- 
npepbiBHO OTAaBaTb b TeneHHe cpoxa CAyacĎbi 
npHMepHO b 16 AeT, paóoTaa b ecTecTBeHHux 



ycjioBHHX H3MeHHiomeflc3 TeMnepaTypa oxpy- 
acaiomeň cpeaa, npn MaxcHMaabHoň TeMnepaType 
oxpyíxaiomero B03ayxa b 35 °C. 

B paňOHax, rae npeaeabHaa MaxcHMaabHaa 
TeMnepaTypa oxpyjxaiomeio B03ayxa b TeueHHe 
roaa MOjKeT aocTHraTb 3HaneHHň, OTaHHHbix ot 
35°, HOMHHajibHaa MomHocTb TpaHC(J)opMaTopa, 
yKa3aHHaa Ha ero mHTxe, aoajxHa 6uTb H3Me- 
neHa. 

H3MeHeHHaa HOMHHaabHaa MouiHOCTb P U3M 
TpaHC^opMaTopa b Tex paňOHax, rae cpeaHero- 
flOBaa TeMnepaTypa B03ayxa 0,. OTJinaaeTCa ot 
-f-5 °C (npHMepHo cooTBeTCTByeT xaHMaTHuecxHM 
paňoHaM c HaHBbicmefl TeMnepaTypoň-j-35 °C), 
Soabiue neM Ha 2° b cTopoHy noBUuieHHa hjih 
noHHaceHHH M03KeT 6biTb c jxocTaTOHHOft aaH 
npaKTHKH TOHHocTbio onpeaeaeHa no caeayx)mHM" 
4>opMyaaM: 


Ecan 6 C >>5 C 

p = p r 1 _ 

* U3M 1 HOM 1 1 

e f -5l 

100 ]• 

(IX, 1 ) 

Ecan 0 Í <C5° 

p —P Ti 

1 5-« e 1 

(ix,2) 

U3M 1 HOM I 1 

y 100 J - 

HoMHHaabHaH Harpy3xa 

TpaHc^opMaTopa ne 

MoxceT noaaep»HBaTbCH 

IIOCTOHHHO 

, Tax xax 


•cymecTByioT cyTOHHbie h roaoBae xoaeóaHHH 
Harpy3KH noTpeĎHTeaa. 

ripsTOMy ecaH TpaHc<|)opMaTOp b npouecce 
axcnaoaTanBH HHXoraa He SyaeT neperpyacaTbca, 
ero cpoK c/iyacčbi npH ecTecTBeHHbix ycaoBHax 
H3MeHeHHa Harpy3KH MoaceT 6e3 HaaodHOCTH bo 3- 
pacTH ao MHornx aecaTxoB aeT. 

B cbh3h c 3thm TpaHcc})opMaTop aonycTHMo 
cncTeMaTHHecKH KpaTKOBpeMeHHO neperpyacaTb 
6e3 yMeHbineHHH ero cpoxa cay>x6bi npHMepHo 
b 16 aeT. 

FIeperpy3Ka ^oxceT npoH3BoaHTbca 3a caeT 
cyTOHHbix H3MeHeHHň rpa<i>Hxa (npHMepHo Ha 3% 
Ha xajxaae 10 % chhjxphhh K03(}>HijHeHTa 3a- 
nojiHeHHa rpacJ)HKa npOTHB 100%) h 3a cueT ro- 
aoBbix xoaeóaHHň Harpy3KH (npn ycaoBHH, ecan 
aeTOM MaKCHMajibHaa Harpy3xa TpaHC<jjopMaTopa 
He npeBamaaarUO— 85% HOMHHaabHoň moiuhocth, 
to 3HMoň aonycTHMa neperpy3xa npHMepHo b 1 % 
Ha xaacaaň 1° cHHaceHHa TeMnepaTypa oxpyxcaio- 
mero B03ayxa HHxce 15° h ao 0°). 

B HTore, b pe3yabTaTe Hcnoab30BaHHH oóohx 
yxa 3 aHHHx npaBHa TpaHCtjjopMaTOpbi aonycTHMO 
neperpyxcaTb CBepx HOMHHaabHoň .moihhocjh npa- 
MepHO Ha 30—40%. ^acTbie neperpy3XH TpaHC- 
(^opMaTopa CBepx aonycTHMbix BeanuHH MoryT 
pe3ko CHH3HTb HopMaabHbift cpOK ero cayxcéa 
3 a caeT ycKopeHHoro CTapeHHa H3oaauHH ero 
OĎMOTOX [JI. 1]. 

npH npaBH^bHoň SKcnaoaTauHH TpaHC(j)opMa- 
Topa HeaonycTHMbie neperpy3KH MoryT B03HnxaTb 
TOJibKo b aBapHňHbix cayqaax. 


BHe3anHoe, HanpnMep, OTxaxjqeHHe aacTH re- 
Hepnpyromeft mouihocth chctcmh napaaaeabHO 
pa6oTaioru,ero TpaHc^opMaTopa nau jihhhh MoweT 
nocjiywHTb npHHHHoň qpe3MepHOft 3arpy3KH 
TpaHc<j)opMaTopa, aaaexo npeBoexoaameň ero 

HOMHH3JlbHyiO MOIHHOCTb. 

Rm TpaHc4>opMaTopoB npoH3BoacTBa MT3 b 
aBapHňHbix cayqaax aonycxax)T [JI. 2] xpaTXOBpe- 
MeHHyio neperpy3xy CBepx HOMHHaabHoň moiu- 
, hocth b npeaeaax, yxa3aHHbix b Taóa. IX,1. 


TaÓAana 1X,1 


BejiH^HHa nepe- 
rpy3KH 

60% 

750/0 

100% 

flonycTHMoe BpeMH 

He óojiee 

He óojiee 

He óojiee 


45 MHH. 

20 MHHi 

10 MHH. 


TaxHM odpa30M npH aBapHňHoft neperpy3xe 
TpaHc^opMaTopa aaace Ha 100% HeT Heočxoan- 
mocth npoH3BoaHTb HeMeaaeHHoe ero OTxaioae- 
HHe, Tax xax TeMnepaTypa oďmotox 3a npoMe- 
xcyTox BpeMeHH ao 10 mhh. He ycneBaeT npe- 
b3oíIth xpafiHero aonycTHMoro 3HaueHHH. 3a 
yxa3aHHbie xce b Ta6a. IX, 1 npoMextyTXH Bpe¬ 
MeHH TpaHC<i>opMaTOp MoxceT ébiTb pa3rpyaceH 
oócayxíHBaiomHM nepcoHaaoM. 

OaHaxo ueM ówcTpee 6yaeT oÓHapyKeHa h 
chht3 neperpy3xa, TeM MeHbmaH onacHocTb 6yaeT 
yrpo)xaTb H3oaau,HH oómotox TpaHc^opMaTopa 
b CMbicae Hpe3MepHoro ee neperpeBa. 

Mepoft neperpy3XH TpaHc<j>opMaTopa MoaceT 
cayxcHTb tox b ero oĎMOTxax. IIoaTOMy b xaue- 
CTBe 3aniHTbi ot neperpy3px oóbiHHO npHMeHaioT 
MaxcHMaabHyio TOXOByio 3anrHTy, aeňCTByiomyK) 
Ha CHTHaa ae*ypHOMy nepcoHaay h jih Henocpea- 
cTBeHHO Ha aBTOMaTHuecxoe OTxaxuieHHe TpaHc- 
4>opMaTOpa, ecan oh ycTaHOBaeH b Heočcayacn- 
BaeMOM noMemeHHH. 

3. CKB03HME KOPOTKHE 3AMbIKAHH5I 

ripn 3aMbixaHHHx bo BHeuiHeň cern tok b 
odMOTxax TpaHC(J)opMaTOpa mohcct HaMHoro npe- 
BOCXOaHTb HOMHHaabHbiň. 

MaxcHMaabHbie 3HaueHHH toxob cxBOsnoro 
XOpOTXOrO 3aMbIX3HHH aAH TpaHC<j)OpMaTOpOB, 
paěoTaiomHX b CHCTeMG ' éojibmoň mouthocth, b 
npeaeabHOM caynae onpeaeaaioŤcH peaxTaHcaMH 
TpaHC^opMaTopOB h MoryT aocTnraTb (10-:-20) 

^HO M' 

JXnn TpaHC(J)opMaTopa toxh cxB03Horo xopoT- 
xoro 3aMbixaHHH npeaCTaBaaroT 6oabuiyio onac- 

HOCTb, B OCOĎeHHOCTH C TOHXH 3peHHH HX Te- 
naoBoro aeflCTBHH (noBpexcaeHHe H3oaayHH h 
MecT naex oómotox). 

yHHTblBaa OnaCHOCTb TOXOB CXB03HOTO KOpOT- 

xoro 3aMbix3HHH, Ha TpaHc4>opMaTopax ycTaHaB- 
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ahb3iot cneuHa^bHbie 3amHTHbie ycTpoňcTBa, 

AeňcTByiomHe Ha oTKJHoneHHe. 

B Ka^ecTBe HanĎOAee pacnpocTpaHeHHbix 3 a- 
1U.HT TpaHC(J)OpMaTOpOB OT CBepXTOKOB, OÓyCAOB- 
^eHHbix neperpy3KaMH h ckbo3hmmh 3aMHKaHHHMH, 
b HacTonmee BpeMH npHMeHjnoT: 

1) MaKCHMa^ibHyio TOKOByio 3amHTy; 

2) 3aiHHTy MHHHMa^bHOrO HanpHHceHHa c to- 

KOBOH ÓAOKHpOBKOň. 

4 . MAKCHMAJIbHAÍI TOKOBAfl 3AIUHTA flByXOBMO- 
TOMHblX TPAHC4»OPMATOPOB 

B 33BHCHMOCTH OT MOIU.HOCTH H yCAOBHÍI pa- 
6 otu 3amHmaeMHx TpaHC(f)opMaTopoB cxeMbi Man- 
CHMaAbHOft TOKOBOft 3aiHHTbI MOryT CymeCTBeHHO 
oTflHHarbCH £pyr ot ,n,pyra. * 

Ecah TpaHcc})opMaTop no ycAOBHHM cBoeft 
paóoTbi Moa<eT HMeTb 3HanHTe^bHbie neperpy3KH, 
TO ITOMHMO MaKCHMaAbHOft TOKOBOft 3amHTbI, AČ®" 
cTByioujeň Ha om/noneHne TpaHC(J)opMaTopa npn 
CKB03HHX KOpOTKHX 3aMbIK3HHHX, yCTaHaBAHBa IOT 
eme MaKCHMaAbHyio TOKOByio 3amHTy, aeftcTByio- 
myio Ha CHrHaA npa neperpy3Ke. 

MaKCHMa.ibHaH tokobhh 3aínHTa ot neperpy- 
30K, aeňcTByiomaH Ha CHTHaA, ecTecTBeHHO ycTa- 
HaBJíHBaeTCH TOAbKO b Tex CAynaax, Kor,n,a 3ain,H* 
maeMbift TpaHC<j)opMaTop páĎOTaeT non, nocTOHH- 
hum HaSjíioaeHHeM o6c./iy)KHBaiomero nepcoHa^a. 

npHHUHnna^bHafl cxeMa MaKCHMaAbHoft toko- 
BOŘ 3amHTbI ^ByXOĎMOTOHHOrO TpaHG(J)OpMaTOpa 
c oahoctopohhhm nHTaHHeM npe.acTaB./ieHa Ha 
4»Hr. IX, 1. Rjw 3autHTbi TpaHC(f>opMaTopa ot 
neperpy3KH oiyacHT MaKCHMaAbHoe TOKOBoe pe^ie 
MTHOBSHHOrO AeftCTBHH 7, yCT3HOBJieHHOe B OA- 
Hoft <})a3e. 

Tok TporaHHH pejie 

/ '-' n Hbír í ’ - ( IX > 3 ) 

K a n m 

rae Ihom — HOMHHaAbHbiň tok TpaHC(J)opMaTOpa; 
& w = l,05 —K 03 $HH,HeHT Ha,fl,e)KHOCTH. ŤaK KaK 
pe^e aeflcTByeT TOAbKO Ha CHrHaji, to k H bhóh- 
paeTca no MHHHMaAbHOMy ero 3 HaneHHio, yHHTU- 
BaiomeMy TOAbKO HeTOHHOCTb paĎOTbi pe^e; Koa- 
<J)HUHeHT B03BpaTa peAe k e ss 0,85. 

npaKTHnecKH tok TporaHHH BbiĎnpaeTCH no- 

9T0My b npen,e./iax 

i P . m - (1,2-:-1,25) %*. (IX, 4) 

11 m 

npa paĎOTe peae 1 noaaeTCH HMnyAbc Ha pe^e 
BpeMeHH 2, KOTopoe nepe3 onpefleAeHHoe, 3apa- 
Hee 3 aAaHHoe BpeMH no^aeT CHrHaA o HaerynHB- 
meft neperpy3Ke. BbwepjKKa BpeMeHH ycTaHaBAH- 
BaeTCH B COOTBeTCTBHH C yCAOBHeM CejieKTHBHO- 
CTH T3KOŮ, HTOĎW npeflOTBpaTHTb „HeftCTBHe 
CHrHaflH3aUHH npn CKB03HMX KOpOTKHX 3aMHKa- 
HHflX, T. e. 

í—řm«+Ař, (IX, 5) 


rjie t max — MaKCHMa^ibHan BbmepaCKa BpeMeHH 3a- 
mHTbi čjiHHcaflmero no panpaBAeHHio k noTpeón- 
TeAIO 3AeMeHT3 CHCTeMH. 

Pe^e BpeMeHH 2, npHMeHHeMoe b cxeMe, aoa- 

HCHO ĎUTb paCCHHTaHO Ha AJ1 HTeAbHbíň TOK, KaK, 

HanpHMep, pe./ie X3M3 THna 3B-184. ripn o6t>- 
e^HHeHHOM CHrHaAe, t. e. KorA,a cnrHaAbHoe ycT- 
poňcTBO oĎcAyacHBaeT, HanpHMep, HecKOAbico kom- 
nAeKTOB 3auiHT, HeOĎXOAHMOCTb yCT3H0BKH pe^e 
BpeMeHH 2 aah KaxcAoro TpaHC<})opMaTOpa OTna- 
JíaeT. 

3am;HTa TpaHC^opMaTopa ot ckbo3hhx ko- 
POTKHX 3aMbIKaHHň OCymeCTBAHeTCH COFAaCHO 

4>Hr. IX, 1 nocpe^cTBOM pe^e 3, npHcoe^HHeH- 



Hbix K TpaHC^JOpMaTOpaM TOKa, BKAIOHeHHblM B 

KanecTBe npHMepa no cxeMe noAHoň 3Be3iibi. 
Tok TporaHHH pe^e npn stom 

'* 1 -$ '-g. (‘ x . 6 > 

rje k H BbiÓnpaeTCH yace ĎOAbrae, neM npn 3amHTe 
ot neperpy3KH. 

npH paóoTe Ha noacTaHuHH o^Horo TpaHC- 
<})opMaTopa h npn yueTe cymecTByiomHX pe^e 
oSbíHHo npHHHMaíOT k H — 1,15 —í- 1,25, a 

^.<*=(1,3-^ 1,5) (IX, 7) 

n m 

yKa3aHHUe BeAHHHHbl ip. m HBAHIOTCH TOAbKO 
OpHeHTHpOBOHHblMH H B KaWflOM CAyHae yTOHHH- 
IOTCH B COOTBeTCTBHH C yCAOBHHMH paĎOTbl Tp3HC- 
<j)opMaTopa. TaK, HanpHMep, aah TpaHc4>opMaTO- 
pOB, OÓCJiyiKHBaiOmHX nOTpeÓHTeAeň C MOTOpHOfi 
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Harpy3K0ň, AonycKaiOT b paAe CAyqaeB 3HaaH- 
TejibHo ĎoabniHe 3 HaaeHHa i p . m , cTpeMacb ynecTb 
B03M0HCH0CTb 3HaHHTe.HbH08 neperpy3KH TpaHC- 
(jjopMaTopa npn bocct3hobji6hhh HanpaaceHHa 
nocae oTK^noaeHHH BHeuiHero KopoTKoro 3aMUKa- 

HHÍI. ' 

Ecjih Ha noacTaHHHH HecKOJibKo napaaaeAbHO 
paSoraiomax TpaHc<f>opMaTopoB, to i p . m bhďh- 
paeTca c TaKHM pacaeTOM, htoóu npn BbixoAe H3 
pafíoju aacTH .TpaHC(J)opMaTopoB ocTaBniHeca 
TpaHČ(jX>pMaTOpbI He OTKatOHajIHCb BCaeACTBHe HX 
neperpy3KH. Pa3rpy3Ky hx AoaaceH npoH3BecTH 
aexcypHbiň nepcoHa^i no noayqeHHH CHrHaaa. 

B xaKOM cayqae 


Ip.m — T 


paÓmax 
ftm 9 


(IX,8) 


rae k H n k s — Te ace, hto h b (IX, 6), I pa 6 max — 
MaKCHMajlbHblft paSonafl TOK B nepBHHHblX 06 - 
MOTK3X TpaHC(|)OpMaTOpOB TOKa MaKCHMaabHOŘ 
TOKOBofi 3 amHTw npn OTKaroqeHHH hucth napa-a- 
jieAbHO paóoTaromnx TpaHC<J)opMaTOpOB. 

B Tex c/iyqaax, Kor^a I pa 6 max 3 amHinaeMoro 
TpaHC<|)opMaTopa onpeAeaHTb TpyAHO, i p . m MaK- 
CHMaabHOň TOKOBOft 3 aiHHTbI TpaHC(|)OpMaTOpa 
mohcho BbiónpaTb coraacHO «PyKOBoa,autHM yxa- 
33 HHHM no peaeftHoň 3 aiHHTe» [JI. 3], noJib 3 yacb 
caeayiomHM BbipaaceHHeM: 


* 7 ?. m 


M 1HOM 

k s m — 1 n m • 


(IX,9) 


rae m — MHHHMaabHoe qncAo napaaaeabHO pa- 
óoTajomnx TpaHC(|) 0 pMaT 0 p 03 npn yqHTHBaeMOM 
peatHMe. 

npn 9 tom HMeeTca b BHíty, hto yaHTHBaeMHe 
b pacaeTe TpaHc<j>opMaTOpbi OAHOTHnHbí h oAHHa- 
KOBbl no CBOeň moiuhocth. 

Ilpn napaaaeabHoň paĎOTe TpaHCcfropMaTopoB 
pa 3 anaHo 8 moujhocth yqnTbiBaeTca B 03 MoacHaa 
neperpy 3 Ka ocTaBuinxca b paĎOTe TpaHC<J)opMa- 
TopoB npn BbixoAe H 3 pá 6 oTH TaKace Hanóoaee 
MoinHoro TpaHc<t)opMaTOpa. 

KoMnaeKT 3ainnTH TpaHc4)opMaTopa ot CBepx- 
tokob ycTaHaBaHBaeTca co CTopoHbí nHTaHHa. ripn 
t 3 kom BKaioaGHHH MaKCHMaabHaa TOKOBaa saniHTa 
npwxoAHT b ^eňCTBne He ToabKO npn CBepxTOKax, 
OÓyCaOBaeHHbIX CKB03HbIM KOpOTKHM 3aMWKaHHeM, 
HO H npn 33MbIKaHHaX B OÓMOTKaX TpaHc4>OpMa- 
Topa, ecan tok noBpeacAeHHa OKaaceTca doabine 
i p .m- B 9 tom cayqae OHa MoaceT 6biTb TaKace 
HCnoab30BaHa KaK ocHOBHaa hah pe3epBHaa 3a- 
uiHTa ot BHyTpeHHHx noBpeacAeHnň TpaHc<J>opMa- 

TOpOB. 

MaKCHMaabHaa tokob 3 h 3amHTa moih,hmx Tpanc- 
(jjopMaTopoB očbiqHO BbmoaHaeTca Tpex(J>a3Hoň. 
BTOpHMHbie OĎMOTKH TpaHC4)OpMaTOpÓB TOKa H 
peae coeaHHaiOTca npn 9 tom b cxeMy noaHoň 
3Be3jiH, a Ha noHHacaiomHx TpaHc4>opMaTopax, 
B CHCTeMaX C ČOJIbniHMH T0K3MH 33Mb!KaHHH íia 
3 eM^ro, HHorAa b cxeMy HenoaHoň 3 Be 3 AH c ao- 


daBJíeHneM TpeTbero pejre, BKaroaaeMoro Ha 
4 >nabTp tokob HyjieBoS nocaeaoBaTeabHOCTH. 
npH HenocpeACTBeHHOM 3a3eMJieHHH 9 Hy^eBoS 
tohkh 3 ainHmaeMoro noHH*aiomero TpaHc^opMa- 
Topa HCnoab 3 yiOT h coeAHHeHne TpaHC^opMaTO- 
pOB Tona b TpeyroabHHK (cm. r ji. II, § 11 ). 



4>Hr. IX, 2. ynpomeHHaa cxeMa MaKCHMaabHoii tokob oři 3a- 

■UHTU TpaHCíjíOPMaTOpa HSĎOahlUOH MOIUHOCTH, HMeiOmerO 
coeflHHeniie oďmotok 3Be3jra-Tpeyro.TbHHK. 

B CHCT£M 3 X C MaablMH TOK 3 MH 3 aMbIK 3 HHH Ha 
3 eM^no no 9 K 0 H 0 MHaecKHM cooópaaceHHHM mnpo- 

KO HCnOab3yiOTCH H CXeMbl 33U1HTM B AByX<j)a3HOM 
BbinoflHeHHH. K nOBbiniaromHM TpaHC<J>opMaTOpaM 
3HanHTeflbHo8 mouihocth Tanne cxeMbi npHMe- 
HHTb, OAH3KO, He BcerAa ateaaTe^ibHO, BCJieACTBHe 
hx MeHbnieň qyBCTBHTeabHOCTH (npn AByx4>a3HOM 
33MbIKaHHH 3a TpaHC(|)OpMaTOpOM, HMeiomHM CO- 
eAHHeHHe o 6 motok 3Be3Aa-TpeyroabHHK b oahoě 
(J) a3e, npoTeKaeT noaHbifi tok noBpeacaenHH, a 
b AByx Apyrnx — ToabKO noaoBHHa ero 3HaqeHHH, 
cm., HanpHMep, (})Hr. IX, 8). 

Heo 6 xOAHMO TaKace. oTMeTHTb, hto cxeMa 
BicaioqeHHH OAHOro pe^e Ha pa 3 HOCTb tokob AByx 
<fia 3 npHMeHHMa ToabKO ajih TpaHCifiopMaTopoB 
c coeAHHeHHeM o 6 motok 3 Be 3 Aa- 3 Be 3 Aa (ra. II, 
§ II). 

* OAHOCHCTeMHaa cxeMa a^h TpaHC(J)opMaTopoB 
c coeAHHeHneM oómotok 3Be3Aa-Tpeyro;n hhk mo- 
aceT ébirb ocymecTBaeHa ToabKO c peae 9T-60 
X3M3 npn cneu.HaabHOM BKaroneHHH ero oďmo¬ 
tok (r ji. VII). 

ynpomeHHbie cxeMM MaKCHMa^bHoň tokoboA 
3 auiHTbi, KaK npaBHao, npHMeHHiOTCH a^ih 3 amHTbi 
nOHHacaiOLUHX TpaHC(J)OpMaTOpOB OTHOCHTCJlbHO 
HeĎoabmofl mouihocth c bhcuihm HanpaaceHHeM 
•< 35 kV (cm., HanpHMep, 4mr. IX, 2). MaKCHMaab- 
H 3 H TOKOBaa 3 amHTa, ycTaHOBAeHHaa co ctopohh 
nHTaHHa, b a 3 hhom cayaae oďmhho aBJíaeTca 
ochobhoh 3 amHTo 8 TpaHC^iopMaTopa KaK ot BHeui- 
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HHX 3aMbIKaHH0, TaK H OT 33MbIKaHHH B OdMOTKaX 

TpaHc4)opMaTopa h Ha ero BbiBO^ax. ZXjih odec- 
nenemia dbicTporo oTK.moqeHHH noBpeacaeHHoro 
TpaHCiJiopMaTopa 3am,HTa AonojiHaeTCH tokoboš 
OTCeHKOň (lA. II, § 7), OCOdeHHOCTH KOTOpOfl npH- 
MeHHTCJibHO k pacCMaTpHBaeMOMy c/iynaio npH- 
BeaeHbí HHHíe. 

Ha TpaHC4>OpMaTOpax MOUIHOCTblO npHMGpHO 
A .0 1 000 kVA MaKCHMa^bHaa TOKOBaa 3ainHTa hb- 
jiaeTCa eaHHCTBeHHoň 3aui,HToň ot Bcex bhíjob. 
noBpeacaeHHfi. Rah TpaHCípopMaTOpOB do.nbinea 
moihhocth Hapa^y c MaKCHMa^ibHOfl TOKOBOň 3a- 
WHTOň ycTaHaBJíHBaioTca eqe h apyrae cne- 
HnaabHbie 3amHTH. řípa stom c-nejiyeT yaHTHBaTb, 
mo MaKCHMa^ibHaa TOKOBaa 3ainHTa npa doab- 
uiHHCTBe noBpeHuteHHň He MoaceT odecneaHTb 
ce^eKTHBHoro OTKjnoaeHHa ochoto H3 napaji- 
^e^bHo paóoTaiomHx Ha iuhhh TpaHc<j)opMaTopoB. 

HopMa^ibHaa MaKCHMajibHaa TOKOBaa 3am,HTa 

no yCt/ioBnaM ce^ieKTHBHÓCTH AeflCTByeT Ha ot- 
KaioaeHHe TpaHC^opMaTopa He MrHOBeHHo, a c 
BbiAepHCKoň BpeMeHH. JleňcTBHe 3auuiTbi MoaceT 
óbiTb CBH33HO c oTK^HoaeHHeM TpaHC<|>opMaTopa: 

1) TOJIbKO CO CTOpOHbl nOTpedHTeJIH; 2), TOJIbKO 
co ctopohh nHTaHHa; 3) OflHOBpeMeHHO c Asyx 
ctopoh; 4) KacKaa,HbiM, t. e. b nepByio oqepeflb 
CO CTOpOHbl nOTpeÓHTejia, H TOJIbKO nOTOM B 
cayaae HeodxoaHMOCTH h co ctopohh nHTaHHa. 

MaKCHMa^bHaa TOKOBaa 3amHTa TpaHC<f>opMa- 
Topa c oa.HOň BbiflepacKoň BpeMeHH, ^eflcTByro- 
uxaa ToabKO Ha OTKJHoneHHe BHK^ionaTe^a co 
ctopohh noTpefíHTe^a, He aaeT yaoBaeTBOpH- 
Te^ibHoro pemeHHa, TaK KaK He OTK-ntonaeT 
TpaHC(})opMaTopa npn BHyTpeHHeM noBpejKfleHHH 
co ctopohh nHTaHHa. 3amHTa c OAHOň Bbmepac- 
Kofi BpeMeHH, aeScTByjoHian Ha OTKaroneHne 
BUKaioHaTe^ia TOJibKO co ctopohh nHTaHHa h./ih 
H a OAHOBpeMeHHoe oTKjuoaeHHe TpaHc<J>opMaTopa 
c AByx CTopoH, xoth h no3BOJiaeT npn ak>6ou 
noBpeacAeHHH OTKjnonaTb TpaHCťJjopMaTop ot hc- 
TOHHHKa nHTaHHa, oflHaKo b cboio oqepea,b HMeeT 
HeKOTOpHe HeAocTaTKH; y očcayacHBaiomero nep- 
coHaaa He co3a,aeTca acHoro npeaCTaBJíeHHa o tom, 
npOH3oauio jih oTKJiioqeHHe TpaHc4>opMaTopa 
BcaeacTBHe noaBJíeHHH -CBepXTOKOB hjih BCJiea- 
CTBne BHyTpeHHero noBpeacneHHa TpaHCíJiopMa- 
TOpa. HTOĎbl BKJIIOHHTb TpaHC4>OpMaTOp BHOBb 
b padoTy, HeoĎxoflHMO ydeaHTbca b ero ncnpaB- 
hocth. Što TpeóyeT BpeMeHH h BeaeT k h3jihhi- 
HeMy npocToio TpaHC<f>opMaTopa. Bojiee uejieco- 
o6pa3HblM B 3T0M OTHOUieHHH HBJíaeTCH KaCKaflHOe 

aeřiCTBHe MaKCHMa^ibHoň tokoboB saniHTU, cxeMa 
KOTopoň npHBeaeHa Ha 4mr. IX,1. 

řípu aeSCTBHH 33IPHTH KOHT3KTH peJie 3 3 a- 
MbiKatoTca, no^aBan nHTaHHe Ha peJie BpeMeHH 
4 h 5. BbiflepjKKa BpeMeHH pejie 4 BwdHpaeTca 
MeHbnie BM^epacKH BpeMeHH pejie 5. IlosTOMy 
npn aeficTBHH 3 auiHTU b nepByio OHepejtb otkjiio- 
aaeTca BUK^joaaTe^b i c npneMHoň cTopoHbí 
h To;ibKO aepe 3 CTyneHb A t MoweT npn coot- 
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BeTCTByiOrHHX yCJlOBHaX OTK^UOHHTbea BHKJHOaa- 
Tejlb II CO CTOpOHbl nHTaHHa. 

EcJIH npH HaJIHHHH CKB03H0T0 KOpOTKOTO 3a- 
MbiKaHHa TpaHC<J>opMaTop h OTKJuoHHTca c npneM- 
hoíí ctopohh, to BC^e^CTBHe coxpaHHBuieflca 
CB83H ero C HCTOHHHKOM nHTaHHa OH OCTaeTCH 
noa HanpaaceHHeM h MoaceT 6biTb dbiCTpo bk^io- 
qeH odpaTHO, MHHya A^HTe^bHyio npoBepKy ero 
HcnpaBHOCTH, HeodxoflHMyio npn OTcyTCTBHH 
HanpaaceHHa. 

BbiAepacKa BpeMeHH pe^e 4 BHdnpaeTca co- 
rjiacHO (IX, 5). npn noBpeacAeHHH b cbmom TpaHC- 
4>opMaTope b nepByio onepe^b b pe3yabTaTe 
AeácTBHa pe^e 4 OTKjnoqaeTca Tanace BUKaio- 
aaTeab / c npneMHoS ctopohh. Ho TaK KaK npH 
3tom nHTaHHe MecTa noBpeacaeHHa He npenpa- 
maeTca, to Hepe3 M yace b pe3yabTaTe aeňCT- 
bhh peae 5 TpaHC(J)opMaTop otkjhohhtch h co 
CTOpOHW nHTaHHa. 

BHflepacKa BpeMeHH ,zyia peae 5 BbidnpaeTca 
Ha CTyneHb doabnie Bbi^epacKH peae 4 : 

ř, = 4 + Aí. (IX,10) 

3auiHTa c ab yMa BbwepHCKaMH HMeeT 3HaqeHHe 
TaKHce b Tex caynaax, Kora,a HeodxoAHMo ocy- 
nieCTBaaTb aBTOMaTHaecKoe BKaroaeHHe pe3epBHbix 
TpaHC<|>opMaTopoB h aceaaTeabHO aBTOMaTHaecKH 
pa3jmqaTb noBpeacfleHHH Ha uiHHax ot noBpeac- 
AeHHň B TpaHCí})OpMaTOpe, HTOdbl He BKJHOHHTb 
pe3epBHHŘ TpaHC^OpMaTOp Ha KOpOTKOe 3aMbI- 
K3HHe. 

HecMOTpa Ha nepenHcaeHHbie 3KcnaoaTau,HCH- 
Hbie y^odCTBa, MaKCHMa^bHaa TOKOBaa 3amHTa 
c AByMa BbiAepacKaMH BpeMeHH b pa^e c.iynaeB 
MoaceT oi<a3aTbca Bce »e HenpneM^eMoň. Ochob- 
hhmh npenaTCTBHHMH k ee npHMeHenHio MoryT 
cjiyacHTb Aono^iHHTe^ibHoe noBbiLuenne Bb^epacKH 
BpeMeHH 3am,HTbi ceTH h ycjioacHeHHe caMOň 3a- 
niHTbi TpaHC<|)opMaTopa. 3aniHTa MoaceT OKa3aTb- 
ca HenpHroAHOfi, HanpHMep, npnMeHHTejibHO k 
T paHC(})opMaTopaM, ^a KOTopbix OHa aoaacHa 
C^yHCHTb 3afflHT08 OT BHyTpeHHHX 33MbIKaHHH. 
B TaKHX c^yaaax 3autHTa oébmHO Bbino^Haerca 
c oa.HOň BbJ,aep)KKoň BpeMeHH h OTceaKoň (Ha¬ 
npHMep, c npHMeHeHneM pe^ie HT-81 X3M3). 

B noc^ejiHee BpeMa CHHTaeTca Tanace Aony- 
cthmmm He pa3aeaaTb OTKaroneHna npn noBpeac- 
AeHHax Ha niHHax h BHyTpn padonero TpaHC(J)op- 
MaTopa npn ocymecTBJíeHHH aBTOMaTHHecKoro 
BKJiioqeHHH pe3epBHoro TpaHC<J>opMaTOpa. 

CxeMa b,ziHoa H3 Taxnx 3 amHT npHBejeHa Ha 
(J)Hr. IX, 2, r.ae pe^e BpeMeHH noaaeT HMny^ibc Ha 
OAHOBpeMeHHoe OTK^noneHne odonx BbiKjnona- 
Tejiea. Heodxo^HMO OTMeTHTb, hto b npaKTHne- 
ckhx yc^OBHax b cxeMe no 4 >Hr. IX, 1 qacTO He 
ycTaHaB./iHBaiQT AByx OTAe^bHbix peae BpeMeHH 
(4 h 5 ), a Hcno^b 3 yiOT oíiho pe^ie c flByMa Bbi- 
aepacKaMH BpeMeHH (pe^e 1 , <j)Hr. IX, 3 ). B KaaecTBe 
TaKHX pejie MoryT c^y>KHTb pejie BpeMeHH X9M3 



THna 3 B- 186 - 187 . TaK KaK oahh H3’KOHTaKTOB tskhx 
peae cKOJib 3 HmHň, to .zyia HaiiejKHoro OTKAioqe- 
hhh BHK^iroMaTe^a b uenn axoro KOHTaKTa npn- 
MeHHfiTCH BHxoAHoe npoMexcyTOHHOe pejie 2, 
BKJiioqeHHoe no cxeMe Ha npn^HnaHHe. 


8biKfiKwamejuo] 



4>nr. IX, 3. CxeMa c oahhm peae 

BpeMeHH, flaiomHM ABe BUAepat* 
kh BpeMeHH. 


OCHOBHHM npeHMymeCTBOM MaKCHMaAbHOň T 8 - 
KOBOŮ 3 amHTU HBJíaeTCH ee npocTOTa. HeaocTa- 
tok ee Kax 3 amHTbi TpaHC(})opMaTopa ot ckbó 3 - 
hhx kopotkhx 3 aMbiKaHHň, aeňCTByiomeň Ha ot- 
KAioHeHHe, 33 KAioHaeTca b tom, hto OHa qacTo 
He cnocoĎHa 6 e 3 3 HaHHTe^ibHoro 3 arpy 6 jieHHa 
Ha^eacHO OTAHnaTb BHeniHne KOpoTKHe 3 aitbiKa- 
HHa ot neperpysoK h MoaceT OTKAionaTb Tpanc- 
(JiopMaTOp b Tex cjiyaaax, Kor.ua no ycjiOBHHM 
HarpeBa ero oSmotok b stom HeT npaMoft Heo 6 - 
xoahmocth. 1 

JXrca Toro HTOĎbi 3 amnTa OT.MHa.iia BHeuiHHe 
KopoTKne 3 aMUKaHHH ot neperpy 30 K, HeodxoiiHMO 
ee b pa^e CAynaeB 3 HaaHTeJibHO 3 arpy 6 aaTb, 
npH OTHOCHTeAbHO MOIHHHX TpaHC<j)OpMaTOpaX 
ip. m MOaceT OKa 3 aTbCH Hpe 3 MepHO ĎOAbUIHM, H 
3 am,HTa 6 yaeT HeayBCTBHTeAbHa k ueaoMy pa^y 
3 aMbiKaHHH c MaabíM tokom nOBpeacAeHHa. Hto 6 h 
nOBblCHTb qyBCTBHTe^lbHOCTb 3 aiHHTbI npH KO- 
POtkom 33 MHKaHHH, HHor^a npuMeHHioT 3 am*«Ty 
MHHHMajibHoro HanpaaceHHa c tokoboA 6 aokhpob- 
koř, noAodHyro ycTaHaB-MBaeMOft na reHepa- 
Topax. 


5. 3AUI.HTA MHHHMAjIbHOrO HAÍ1PÍOKEHHÍI 
C TOKOBOH EJlOKHPOBKOfl 

CxeMa 3amnTbi npHBeaeHa Ha <|>Hr. IX, 4 h coctoht hs« 
Tpex oAHo4)a3Hbix peae MHHHMajibHoro HanpHHceHHH THna 
3H-60, k KOTOpbiM noflBOAHTCH oóbiqHo jiHHeHHbie HanpHHce- 
HHH OT TpaHC(J)OpMaTOpOB HanpSHKeHHH nHTaeMOH CTOpOHM. 

npH neperpy 3 Ke KOHTaKTbi peae HanpHaceHHH ocTaiOTCH 
pa 30 MKHyTbIMH H 3aiUHTa ne npHXOAHT B fleHCTBHe. npH 
kopotkom 3 aMbiKaHHH HanpHHceHne noHHMtaeTCH. Peae mhhh- 
MaJibHoro HanpHHceHHH 3aMbiKaioT HMnyabC Ha nHTaHHe 06 - 
motok peae BpeMeHH. 


HanpaHceHHe TporaHHH pejie 1 BbiČHpaeTCH c yqeTOM 
M HHHMaJIbHO B 03 M 0 >KH 0 r 0 SKCnJIOaTaUHOHHOrO HanpfliKeHHÍl 
U pa6 min H KOS^HUHeHTOB k H H k s 

_ u pa6 min 


Up . m ' 


(IX, 11) 


npHHHMaa u pa6 min = 0,85--0,9íw h noaaraa k H = 
=1,1, & g =l,1—1,15, noJiyqaeM HanpH>KeHHe TporaHHH u p . m ~ 
-0,7 u H0M . 



4>nr. IX,4. CxeMa 3áiuHTbi *• MHHHMaabHoro nanpínKeHHH 

' C TOKOBOň ÓJIOKHpOBKOH. 


3amHTy OT BHeilIHHX 3aMbIK3HHH MOHCHO OCymeCTBHTb 
TOJIbKO C pejie MHHHM3JIbHOrO HanpHHíeHHH, HO BCJieACTBHe 
bo3mo)khocth HenpaBHabHpro AeficTBHH 3amHTM npH nepe- 
ropaHHH npeAOxpaHHTejieH h HeHcnpaBHocTH b uenn Hanpa- 
HCeHHH HJIH npH MeAaeHHOM BOCCTaHOBJíeHHH HanpíHKeHHH 
nOCAe OTKJIIO^eHHH BHeiUHerO KOpOTKOrO 3aMbIKaHHH, A6HCT- 
BHe 3amHTM ójiOKHpyeTcn qepe3 KOHTaKTM tokobmx pejie 2, 
npHHeM AAH HHX BblÓHpaiOT 


Ip.m — 


i HOM 

n 


.(IX, 12) 


Ua 


u, 


bá 


\ 

4>nr. IX, 5. BeKTOpHbie 

AHarpaMMH nanpHHceHHH 
npn MeTajiJiHMecKOM 3a- 
MblKaHHH Me>KAy AByMH 
(j)a3aMH Ha BTOpn^HOH 
CTOpoHe TpaHCíJjopMaTopa 
c coeAHHenHeM očmotok 

Tpeyro;ibHHK-3Be3Aa. 


Uac y r 

4 k I"" 

# Uba = Ucb=Wac = 
=L =0,51^=0.51/^ = 0,5U fy1l p 


a — Ha CTOpoHe 3Be3jiw; 6 — Ha 
cropOHe Tpeyro.ibHHKa. 


a 


5 ' 


BeJiH^HHa BHAepHceK BpeMeHH onpeAeAaeTca to«ího Tax 

}Ke, KaK H npH MaKCHMaJlbHOH TOKOBOH 3amHTe. 

Mc^e 3 HOBeHHe Hanpa^eHHH b uenn peae 1 kohtpojih- 
pyeTca CHrHaabHMM ycTpoficTBOM. 

B KanecTBe 3 amHTbi ot neperpy30K b oahoh m 4>a3 
ycTaHOBaeHO MaKCHMaabHoe TOKOBoe peae 3 c aohctbhcm 
Ha cnrHaa. Tok TporaHHH h BbiaepHCKa BpeMeHH 3amHTw oř 
neperpy 30 K onpeAeaHioTCfl coraacHO (IX, 4) h (X, 5). 
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Mto6u sainHTa 6biJia 6ojiee qyBCTBHTejibHOH k BHeuiHHM 
scopoTKHM 3aMWKaHHHM, pe;ie 7, KaK OTMeqajiocb Bbmie, nH- 
TaioTca očbíHHO ot TpaHC(j>opMaTopoB HanpHIKeHHH, yCTa- 
HOFJienHbix Ha rnniiax nHTaeMoií CTopoHbí noACTanuHH. 3 to 
HM eeT, ozinaKO, tot HeaocTaTOK, hto npH OTKJiioqeHHH TpaHC- 
4opMaTOpa OT 3THX IJIHH IlOCpeUCTBOM pejie 4 C MeHbUieH 
BbmepaciíOH BpeMeHH npH ero BnyTpeHHeM noBpeacfleHHH 
3aiUHTa MOxceT nepeciaib AeHCTBOBaTb. 3 tot ne^ociaTOK 
ycrpanaeTCH, ecjiň TpaHC<J>opMaTOp oTKJiioqaeTCH OAHOBpeMeH- 
HO C OÓeHX CTOpOH. 

npH nHTaHHH peJie MHHHMajibHoro HanpHaceHHH c nep- 

3HHHOH CTOpOHbl (CO CTOpOHbl nHTaHHH CHJIOBOTO TpaHC(}>Op- 
6 


ABC 



*í>iir. IX, 6. CxeMa npncocAHHeHHH pe;ie Ha <f>a3Hoe Hanpa- 

aceHne no othouichhio k HyjieBOH Tomce CHCTeMU. 

MaTOpa) yKa 3 aHHoro HeaocTaTKa 3 amHTa tbkhcc He HMeeT. 
ÓflHaKO HyBCTBHTejIbHOCTb 3 amHTH K CKB 03 HHM KOpOTKHM 
3 aMbIK 3 HHHM npH T 3 KOH CXCMe CHH 3 HTCH. 3 aiUHTa MHHHM 3 JIb- 

hoto HanpniKeHHfl aojihch 3 neňcTBOBaTb npH ckbo 3 hmx ico- 
POTKHX 33 MbIKaHHHX H yCTaHaBJÍHBaeTCH, KaK npaBH^O, Ha 
TpaHC(J)OpMaTopax, 3 amHmaeMbix ot BHyTpeHHHx 33 MbiKaHHH 
cneunajibHbíMH aocTaTOHHO HajieacHWMH flHijjepeHUHajibHoft h 
xa 30 B 0 H 3 amHTaMn; noaTOMy cTenenb qy BCTBHTejibHocTH 3 a- 
IHHTM K 33 MbIKaHHHM Ha BTOpHHHOň CTOpOHe HMeeT BeCbMa 
xymecTBeHHoe 3 HaneHHe. 

.Ujih 3amHTM MHHHMajibnoro HanpHIKeHHH, nKTaiomencH 
C nepBHHHOÍi CTOpOHbl TpaHC^OpMaTOpa, ocoóoe BHHMaHHe 
aojihcho óbiTb y^eaeHO cxeMe npHcoe^HHeHHH peae 7 . Ecjih 
peae npHCoe^HHHTb na JinnefíHOe HanpHaceHne, to npH 
,aByX(J)a 3 HOM 33 MbIKaHHH Ha CTOpOHe BTOpHHHOTO HanpHHteHHH 
3 amnTa MoaceT He nofleíícTBOBaTb. 

Ha (Jjht. IX, 5 a npHBeaeHa BeKTopHan anarpaMMa Ha- 
npHHceHHH ajih cayqan MeTaajiHqecKoro 3 aMHKaHHH Meacfly 
jiByMH (})a 3 aMH Ha btophhhoh CTOpOHe TpaHC^opMaTOpa, 
oómotkh KOTOporo coeflHHeHbt no cxeMe TpeyrojibHHK- 3 Be 3 jia. 

HanpnaceHHH Ha CTOpone TpeyrojibHHKa, t. e. c nepBHq- 
hoh CTopoHbí, cooTBeTCTByioT npw 3 tom, npeHeóperan naae- 
HHeM HanpHHceHHH b TpaHc^opMaTope, zmarpaMMe (j>Hr. IX, 56 . 

M 3 flHarpaMMM caeziyeT, hto b HaqaabHbiH nepnoa 
XOpOTKOrO 3 aMbIK 3 HHH K peJie nOflBOAHTCH HanpHIKeHHH, 
paBHbie KaK MHHHMyM nOJIOBHHe HOMHHaJIbHOrO JIHHeHHOrO 
HanpnaceHHH. npn 3 aMMKaHHHX qepe 3 R nM h yqeTe conpo- 
THBJíeHHH TpaHC$opMaTOpa HanpHHceHHe, noABOAHMoe k pejie, 
MomeT oi<a 3 aTbCH Bbmie HanpnaceHHH TporaHHH, h 3 amHTa 
ne cpaóoiaeT (npH ycTaHOBHBiueMCH peacHMe KOpOTKoro 
3 aMUKaHHH b cayqae nHTaHHH Tp 2 HC<jiopMaTopa ot reHepa- 
TopOB 3 a cqeT bjihhhhh peaKunn HKopn ocTaToqHoe Hanpn- 
MCeHHH MOryT HMeib H MeHblHHe BeJIHqHHbl). 

npHcoeAHHHTb b 3 tom cayqae pejie Ha <j)a 3 Hoe Hanpnace- 
une HeAonycTHMO no TeM cooópaaceHHHM, hto npn o,HHO$a 3 - 
llbix 3 aMbIK 3 HHHX B CHCTCMe nepBHHHOrO HanpHHCeHHH c MaJIUM 
TOKOM 33 MbIKaHHH Ha 36 MJIIO peJie 33 MKHeT KOHT 3 KTbl H npH 
iiocac,fl.yK)meH neperpy 3 Ke 3 amHTa cmohcct HeceaeKTH bho 
noflenCTBOBaTb. 

Boaee ue^ecoo 6 pa 3 Ha b paccMaTpnBaeMOM cjíyqae cxeMa 
npHcoe^HHeHHH pe^e MHHHMaJibHoro HanpHxceniiH na 4 >a 3 Hoe 
HanpHHceHHe no othouichhio k HyaeBOH TOHKe chctcmh. B 
t 3 koh cxeMe ( 4 )nr. IX, 6 ) CHHHceHHH HanpHIKeHHH, noABeAeH- 
hoto k pe^e, npaKTnqecKH He npOHexoflHT. IlosTOMy Ha ynasaH- 
Hue 0 flK 0 (j)a 3 Hbie 3 aMWKaHHH janan 3 tUi;HTa He pearnpyeT. 

3 aiUHTa MHHHMdJibnoro HanpH>KeHHH Hcnojib 3 yeTCH Taxace 
b KanecTBe pe3epBHoří k cneuHaabHWM samHTaM TpaHC^op- 
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waTOpoB ot BHyTpeHHHx noBpeHcjDteHHfi. IIosTOMy OHa ycTa- 
naBjíHBaeTCH c nHTaiomeH CTOpOHbl h AencTByeT TaKace Ha 
ee BbiKaioqaTe^b. 

OÓIUHMH HeAOCTaTKaMH paCCMOTpeíIHOH CXeMbl HBJIHeTCH 
to, mto OHa: 3) oTHOCHTejibHo cjioacna; 2) He cnocoÓHa peara- 
poBaTb Ha KopoTKoe 3aMbiKaHHe c MaJibíM noHH>KeHHeM na- 
npnaceHHH;3) ne npHcnocoÓJieHa k pe3epBHOMy fleiíCTBHK) npn 
OiiHO$a3Hbix 3aMMKaHHHx Ha CTOpOHe 3Be3,nbi c Harjiyxo 3a3eM- 

JieHHOH HyJieBOH TOqKOH. OÓT>HCHHeTCH 3 TO TeM, HTO TOK B 
MakcHMajibHbix tokobbix pejie MoaceT OK 33 aTbCH MeHbine TOKa 
TporaHHH H HTO npH TOKe, fl 0 CTaT 04 H 0 M JI JIH JieHCTBHH TOKO- 
Bbix peae, HaripnaceHHH, noABeAeHiibie k peae HanpnaceHHH 

(HanpnMep, npn 
cxeMe <}>Hr. IX, 6 ), 
óyayT ocraBaTbCH 
Bbiine HanpnaceHHH 
TporaHHH h 3amHTa 
b aeHCTBHe He npH- 
aeT: B TaKHX cJiy- 
qanx npHXozmTCH 
ycTaHaBanBaTb co 

CTOpOHbl 3Be3Hbl flO- 
noaHHTeabHyio Ma- 
KCHMaabHyio toko- 
Byio 3amHTy Hyae- 
boií nocaejioBa- 
TeabHOCTH. 

floCTOHHCTBOM paCCMOTpeH- 
hoh cxeMM HBaneTCH to, hto ee 
TOK TporaHHH BMÓHpaeTCH 6e3 
yqeTa MorymHX 6 htb b ycao- 
bhhx 3KcnaoaTauHH neperpysoK 

TpaHc 4 >opMaTOpOB. riosTOMy B 

pHae cayqaeB ona OKa3biBaeTCH 
no TOKy óoaee qyBCTBHTeabHOH, 
qeM HopMaabHan TOKOBan 3 a- 



4>nr. IX, 7. npHHUHnnaabHaH cxeMa MaKCH- 
MaabHOH TOKOBOfi 3 aiUHTbI TpeXOÓMOTOHHOrO 
TpaHC(J)opMaTopa. 


mHTa. CxeMa b cbh 3 h c paccMOTpeHHbíMH ee CBOHCTBaMH 
npHMeHneTCH raaBHWM oópa 30 M Ha noBMinaiomHx Tpanc^op- 
MaTopax, moiuhocth KOTOphix coH 3 MepHMM c reHepHpyeMUMH 

MOIUHOCTHMH. 


6. MAKCHMAJIbHAÍI TOKOBAJI 3AIUHTA TPEXOBMO- 
TOHHbIX TPAHCOOPMATOPOB 

npH BUIIO./IHeHHH 3amHTbI TpeX06M0T0«IHHX 
TpaHC(|)OpMaTOpOB OT CBepXTOKOB B ĎO^blUHHCTBe 
cflynaeB yxce HeB03M0)KH0 yaOB^eTBopHTbca TO^b- 
ko o^hhm KOMiLfleKTOM pe^ie. 

Hto6u npH CKB03H0M KOpOTKOM 3aMbIK3HHH B 
CHCTCMe OAHoro H3 HanpaaceHHň coxpaHHTb TpaHC- 
<|)opMaTop b paĎOTe Ha Asyx o6motk3x h rnaeTb 
pe3epB k 3amHTaM ot BHyTpeHHHx noBpejKACHHň, 
ocymecTB^HioT 3autHTy TpeMH KOMn^eKTaMH pe^e. 

KaHíflaa H3 oďmotok b A3hhom c^ynae 3amH- 
maeTCH OT^e^bHO. 

npHHHHnHaabHafl oaHO^HHeflHaa cxeMa m3Kch- 
Ma^bHOft TOKOBOft 3aUXHTH TpexoSMOTOHHoro no- 
HHMcaromero TpaHC(|)opMaTopa c oahoctopohhhm 
nHTaHHeM ripHBeAeHa Ha 4>H r * IX, 7. 

Tok TporaHHH pe^e ycTaHaB^HBaeTCH c yneTOM 
(IX, 6) h^h (IX, 9) no Harpy30HH0My TOKy cootbct- 
CTByiomeíi oómotkh TpaHc4)opMaTopa. BbiaepjKKa 
BpeMeHH pe^e BbiĎHpaeTCH no ycjiOBHHM co6^io- 



aernifl cejieKTHBHocTH b ceTH cooTBeTCTByiomero 
HanpaaceHHH. Co CTOpOHM nHTaHHH BbiAep>KKa 
BpeMSHH BbiĎHpaeTCH Ha cTyneHb óoAbiue, neM 
HaHóoabmaa BbiaepacKa 3am,HT, ycTaHOBJíeHHUX Ha 
ocTaabHbix AByx oĎMOTKax TpaHc 4 >opMaTopa. 

B KanecTBe 3amHT ot neperpy30K ycTaHaBAH- 
BaioTCH HHorAa MaKCHMaAbHHe TOKOBbie peae b 
OAHO fi H3 $a3 c MeHbuiHM tokom TporaHHH, Aeň- 
CTByiomne c BbiAepacKoň BpeMSHH Ha CHrHaA. JXjih 
nOBUmeHHfl HyBCTBHTeAbHOCTH 3amHTH ot CBepx- 
TOKOB npH CKB03HHX KOpOTKHX 33MbIKaHHHX npH- 
M 6 HHIOT T 3 KHC 6 32 imHTy MHHHM<i.flbHOrO HHnpHHCeHHH 
C TOKOBOft ĎAOKHpOBKOfl. • 

yCJIOBHH BbinOAHeHHH 3 aiHHTH Te 5 Ke, HTO H npH 
AByxo 6 MOTOHHHX TpaHC<|>opMaTopax. 

npH paCCMOTpeHHH MaKCHMaabHUX TOKOBblX 
3 amHT AByXOĎMOTOHHbIX H TpeXOĎMOTOHHbIX 
TpaHC(J)OpMaTOpOB b cxeMax npeAyCMaTpHBaAHCb 
TOAbKO peae C H 633 BHCHMOft XapaKTepHCTHKOÍÍ. 
Bonpoc O TOM, K 3 KH 6 peJie AOAHCHbl ÓbITfe yCT 3 HOB- 
JieHbí: C HG 3 aBHCHMO& HAH OTpaHHHeHHO 33 BHCH- 
MOň xapaKTepncTHKoň, aah npHHHHna Bbi 6 opa 3 a- 
mHTbi poan He nrpaeT. B ueAHX noAHOň coniacoBaH- 
HOCTH 33 IHHT H 3 CT 0 6 bIB 3 eT HeAeC 006 p 33 H 0 yCT 3 - 
HaBJIHB 3 Tb AAH ceTH H AAH TpaHCíJíOpMaTOpOB 
peae c OAHOTHiiHáMH xapaKTepHCTHKaMH npH 
COH 3 MepHMOM COOTHOHieHHH HX MOIHHOCTeft. 

riosTOMy peae c orpauHneHHO 33 BHCHMUMH 

XapaKTepHCTHKaMH o 6 uHHO yCTaH 3 BAHBaiOTCH Ha 
noHHjKaromHx TpaHcebopMaTOpax b ceTax Hanpaace- 
HHeM 10 kV H HHHce'. Pe.ie c He 3 aBHCHMUMH xa¬ 
paKTepHCTHKaMH IHHpOKO HCnOab 3 yiOTCH AA 3 
TpaHC 4 )OpMaTOpOB C BblCIHHMH HanpaMceHHHMH 35 
H 110 kV. 

7. BHyTPEHHHE ÍIOBPEHCflEHHíI B TPAHC«řOPMATO- 

PAX 

ripHMeHHTeJIbHO K pa3AHHHbIM CJiyHaHM 3aMbI- 
K3HHH Ha 3aacHMax TpaHC<J)opMaTOpa Ha <|>Hr. IX, 8 a 
h 6 npHBeA6Hbi npHMepHbie cxeMH TOKOpacnpeAe- 
JieHHň B nepBHHHOŮ H BTOpHHHOň OČMOTKaX TpaHC- 
4)0pMaT0p0B; 9 th tokh pacnpeAeAeHHH onpeAeae- 
Hbi npn caeAyioui.HX AonymeHHnx: 

1 ) TOK HaMarHHHHBaHHH TpaHC<|)OpMaTOpa MaA 
H BO BHHMaHHe He npHHHMaeTCH ( 3 a HCKAJOHeHHeM 
OAHo4>a3Horo 33MbiKaHHa, npeACTaBAeHHoro Ha 
npaBOfi cxeMe c|)Hr. IX, 8 a); 

2) Harpy30HHbie tokh OTcyTCTByioT h yHHTUBa- 
IOTCH TOAbKO TOKH noBpexcAGHHH; 

3) HHCAO BHTKOB B nepBHHHOň H BTOpHHHOfi 
oÓMOTKax cxeM (J)Hr. IX, 8a OAHHaKOBbi; 

4) MHCAO BHTKOB B oÓMOTKaX, COeAHHeHHbIX B 
TpeyroAbHHK ($Hr. IX, 8 6 h IX, 8 b), b y^ 6oAbme, 
HeM HHCAa BHTKOB B OÓMOTKaX 3Be3AbI (OTHOHie- 
Hne AHHeflHbix HanpHXceHHň paBHO eAHHHue). 

PacnpéAeAeHne tokob mohcct 6 uTb noAyaeHO 
aah A*o 6 oro H 3 npHBeAeHHHx bhaob noBpeafcifeHHH 
H 3 ycAOBHH MarHHTHoro paBHOBecHH, t. e. H 3 pa- 
BeHCTBa 3 MnepBHTKOB nepBHHHOŘ H BTOpHHHOň 



4>Hr. IX, 8. CxeMM TOKopacnpe^ejieHHH npn pa3JiOTHHx 3a- 
MUKaHHflX B OÓMOTKaX TpaiIClf)OpMaTOpOB. 


oďmotok oómero cepAeaHHKa. yKa3aHHbie coot- 
HomeHHH cnpaBeA^HBbi KaK aah Tpex<|)a3HHX TpaHc- 
(|)OpMaTOpOB, TaK H AAH 0AH0<g>a3HbIX TpaHC(|)Op- 
MaTopoB, coeAHHeHHbix b Tpex4»asHyio rpynny. 

HeKOTopue ocofienHocTH npeftCTaBaaeT TpeTHft bují 
noBpeacfleHHH, npeACTaBaeHHUH Ha i})nr. IX, 8a h oTuocamnň- 
ca K cjiyiaio coeAHHeHHSi oómotok 3Be3Aa-3Be3Aa c iiyjieBUM 
npOBOAOM. 

B 9Tom cayqae TOKopacnpeAeaeHHe npw 0AH0({)a3H0M 3a- 
MUKaHHH onpeAejiíieTCH npn HaaHqnH 3aMKHyroH Tpexciepac- 

HeBOÍI MarHHTHOH CHCT6MU. Ilpil. 3aMbIKaHHH OAHOŽ íjia3b! 
BTOpHHHOfi OĎMOTKH TaKOrO TpaiICl^OpMaTOpa B 3TOH OÓMOT- 

• 

• . r*i_ J 

Ke l a ~l 3 , Ib = I c = 0. B nepBH*iHOH oČMOTKe =/ a ~ 

o —■ 

2 r _ 2 * J _ ; _ ijr 

- -i 3 ~ la ' IB ~ ,C -J Ia ' 


20 PeaeňHaa aautHTa 
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3th tokh noBpeameHHfl o6niho He Ha mh o npeBbíma- 
k>t HOMHHajibHufi tok TpaHc^opMaTOpa; nosTOMy ocymecT- 
BJieHtie npocToit, HafleacHO aeHCTByioinefi npw hx no»B;ieHHH 
3aiUHTbi BCTpeaaeT 3aTpy,HHeHHe. 

Ha <jmr. IX, 8 a h 6 paccMOTpeHbí TOKopac- 
npeae^eHHfl AHinb aah HeeKOAbKHX nacTHbix cjiy- 
qaeB noBpeacAeHHň Ha BbiBOAax oómotok TpaHC- 
$opMaTopa. npa BHyTpeHHHx noBpexc^eHHHx b 
OÓMOTK 3X TpaHc^opMaTOpa 3HaHeHHH TOKOB 6y- 
ayT eme 3aBHceTb ot oTHocHTeAbHoro HHCJia 

3aMKHyTbIX BHTKOB. 

MeTOAH BblHHCfleHHH TOKOB npH BHyTpeHHHX 
KopoTKHX 3aMbiKaHHHX b TpaHC<i>opMaTopáx eme 
HeflocTaTOHHo pa3pa6oTaHbi. 

IlOSTOMy HHace npHBOJWTCH JlIIIHb HeKOTOpbIG yKa3aHHSI 
o pacnpeAeaeBHH tokob min HacTHUx cayqaeB bhtkobmx 
3 aMbiKaHHfl, npencTaBaeHHux Ha <J>iir. IX, 8 b. 

3a OTHOCHTeBbHOe HHCJIO 3aMKHyTbIX BHTKOB npHHSITO 
w . 

« = _±- f (IX, 13) 


rae w 3 — nnc.no bhtkob b 3aMKHyTOH MacTH oómotkh, a 
w— nojmoe mhcjio bhtkob noBpeameHHOÍí oómotkh. 

Tok ot hctohhhk 3 nHTaHHH k noBpeHCAeHHoň nepBHHHOH 
0ČM0TK6 

I = C atg f (IX, 14) 


rae c — nocTOHHHbiH K03$HuneHT, pa3JiHqHbiH juin KaacAoro 
H3 paccMOTpeHHbix cjiynaeB bhtkobhx noBpeacAeHHH (paB- 

/ 2 \ 

HUH IipHMeHHTeJIbHO K <j)Hr. IX, 8 B—— 7 = » 1 H — 7= ) \ 

v 3 y 6 J 

I — tok noBpe^AeHHH. 


PaccMOTpHM TOKopacnpeAejieHHe b oÓMOTKax TpaHC<j>op- 
MaTOpa npM BHTKOBblX 3aMHKaHHHX, COOTBeTCTByiOmHX 
$Kr. IX, 8 b (1-h h 3-h caynaM). 

OieAyff npnHHTbiM Ha (Jjht. IX, 8 b o6o3HaHeHHHM, ajih 
CJ iyqaa 1 HMeeM [JI. 4]: 

/, = /.= lal = /oni = 0. (IX, 15) 

MCXOAH H3 yCJIOBHH MarHHTHOrO paBHOBeCHÍI H 0Ó03Ha- 
nan tokh b $a3ax nepBHHnoň oómotkh, coeAHHeHHoň Tpe- 
yrojibHHKOM / a> 7^ h / HaňAeM 


/„ • w x 


•*11 


w 


3» 


TaK K3K I all =/ 


(IX, 16) 


W3 

TO I a = 

u Wj^ 


(IX, 17) 


ílOACTaBJIHfl B (IX, 17) 3H3H6HH6 w 3 H3 (IX, 13) H ynn- 


Wr 

THB3H 0TH0IU6HH6 _£_ 


W K 




nojiynaeM 


(IX, 38) 


t « 

*«= -? -i 3 . 

7 3 3 

Rjin cayHaH 3aMbiK3HHH no (Jmr. IX, 8 b (3) noJiynaeM CJie- 
AyiomHe 3HaqeHHH jinší tokob b noBpeHCAenHOH $a3e: 


4l+4*n = 4, (IX, 19) 

J al = 4lII “ s (IX, 20) 

M3 ycjiOBHH MaruHTHoro paBHOBCCHH c^eAyeT 

v ' Ll( w ^- W3 ) — Ku w 3^ = 1 a w y. (IX, 21) 

Mcxoaíi H3 (IX, 19), (IX, 20) h (IX, 21) h HMen b BHAy, hto 
i a + Ib + ^ c = ny T eM cooTBeTCTByiomero npeoópa- 
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30BaHH$I MOHCHO nOay^HTb 3Ha^eHH5I TOKOB KaWAOH H3 no- 
BpeMCAeHHbix TpeyroabHHKa: 

7 ř =/ T ^ ir a 4 . (IX, 22) 

B H C BepBHS- 


(IX,23) 


(IX, 24) 

VÍ3 (IX, 14) cjieAyeT, *ito npn MaaoM OTHOCHTe^ibHOM mh- 

CJie 3aMKHYTbIX BHTKOB Aa»ce npH 3H3MHTeJZbHOH KpaTHOCTH 
TOKa nOBpeMCAeHHH TOK CO CTOpOHU nHTaHHH MOMCeT OKa- 
3aTbCH BecbMa neóoabiiiHM. 

Tanoíi cayMaň noBpexcACHHH hb^hctch oco 6 o onacHbíM 
AJIH TpaHC({)OpMaTOpa BCJieACTBHe TpyAHOCTH ČbICTpOrO BblHB- 
JI6HHH nOBpe»AeHHH. 

H3 paCCMOTpfiHHH npHBeAGHHUX BB (|)Hr. IX, 8 
cjiyqaeB noBpejKfleHHň h TOKopacnpeae^eHHň 
c^eayeT, hto npn jiioÓom 3aMbiKaHHH b oÓMOTKax 
TpaHc^opMaTOpa noHB^ineTCH tok noBpextAeHHH 

CO CTOpOHbl nHTaHHH. 

Hcno^b3yn sto yc^OBne, mohcho npHMeHHTb 
3aUÍHTH TpaHc^opMaTOpa OT 3aMbIKaHHň B 
ero oĎMOTKax MaKCHMa^bHyio TOKOByro hjih ah- 
4)epeHUHa^ibHyio TOKOByio 3am«Ty. nepBan H3 hhx 
xoth.h pearnpyeT Ha ueAHň pha noBpeacASHHŘ 
b oÓMOTKax TpaHc^opMaTOjya, OAH3KO He óyaeT 

AOCT3TOHHO HaAOKHOň. 

OHa óy^eT AeňCTBOBaTb c óo^binofi BbiAepxcKOň 
BpeMeHH h b pHAe c^ynaeB OKaaceTcn HeceAeKTHB- 
HOň H HeAOCTaTOHHO HyBCTBHTe^IbHOfl. 

HcKAioqHTb BbiAepacKy BpeMeHH mohcho npw 
npHMeHeHHH AonoAHHTeAbHo k HopManbHoň eme 
TOKOBOft 3am.HTbI C OTCeHKOŘ. TpaHC<j)OpMaTOp 
npeACTaBHHeT cocpeAOTOneHHuň HMneAaHC, qacTO 
OTHOCHTenbHO ÓOHblUOft BeAHHHHbl. IloSTOMy, Bbl- 
ónpaa tok TporaHHH oTcenKH no MaKCHMa/ibHO My 
TOKy CKB03H0T0 KOpOTKOTO 33MUK3HHH {Ip.m — 
=k H femax, TB.Q k H = 1,3 — 1,4), MOrymeMy npOTe- 
KaTb Hepe3 TpaHC<j)OpMaTop, b pa^e cnynaes 
y^aeTca mviyqHTb 3amHry, AeflcTByromyio AOCTa- 
tohho HaAencHO npn kopotkom 3aMbii<aHHH Ha Toři 
CTopoHe TpaHc^opMaTOpa, r^e OHa ycTaHOBJíeHa. 
npHMeHeHHe OTcenKH odecneMHBaeT a^ih pHAa 
CAynaeB h ceAekTHBHoe OTKHioqeHHe noBpexcAe- 
HHH. 

ripHHUHnHaAbHo óoAee coBepmeHHoň 3aiitHToň 
OT BHyTpeHHHx 3aMbIKaHHň B TpaHC(f)OpMaTOpe H 
Ha ero BHeniHHX BbiBOAax HBAaeTCH tokob3h ah- 
ťjjepeHAHaHbHaH 3am«Ta. B OT^nnue ot 3am.HTb! 
reHepaTopa AH(})epeHAHaHbaaH 3amHTa TpaHC^op- 
MaTopa Mo>KeT pearnpOBaTb h Ha BHTKOBbie 3a- 
MUKaHHH.3T0 nOAOHÍCHHe HarAHAHO HAAJOCTpHpyeT- 
CH 4>nr. IX, 8 b. ECAH qHCAO 33MKHyTHX BHTKOB 
OK3HCeTCH T3KHM, HTO BTOpHHHUft TOK TpaHC(j)OpMa- 
TOpOB TOKa, yCT3HOBAeHHbIX CO CTOpOHbl nHTaHHH, 


w _ 

Ecan npn stom — L = yf 3, to b <J>a 3 ax 
W JL 

HOH OÓMOTKH HHAyKTHpyiOTCH TOKH 



CyMMapHbig tok $a3bi A 




óyaeT óoAbine TOKa TporaHHH peAe AHýepeH- 
una^bHOň 3amHTbi, to AHýepeHHHaAbHaa 3amnTa 
no^eftCTByeT h otkaiohht TpaHcýopMaTOp ot cera. 

řípa He3HaqHTe^bH0M HHCAe 3aMKHyTbix bhtkob 
TOK OT HCTOHHHKa IIHTaHHH MOJKeT OKa3aTbCH 
HeAOCTaTO«iHbiM a^anpHBeAeHHH AHýepeHHHaAbHoň 
3amHTbi b AeňCTBae. B btom c^iyaae TpaHcýGp- 
MaTopy 6j’AeT yrpoacaTb He TOAbKO 3Ha*iHTeAbHoe 
pa3pymeHHe b MecTe noBpexcAeHHH, ho h bos- 
moachoctij BOcnjiaMeHeHaa MacAa co BceMH Bbi- 
TeKaiomHMH onacHHMH nocAeACTBHHMH aah 9AeK- 
TpHaecKoň ycTaHOBKH. 

npaKTHaecKoe ocyinecTBAeHHe AnýepeHHHaAb- 
ho 8 3amHTbi BCTpeaaeT, oahbko, paA pacc&ioTpeH- 
hhx HHHce 33TpyAHeHHň. ÍIosTOMy ee npHMeHaioT 
aah TpaHCýopMaTopoB óoAbmoň moihhocth, a 
Taxace b Tex cjiyaaax, KorAa OHa He Moacer 
6wTb 3aMeHeHa OTceaKoň. 

HapaAy c AHýepeHHnaAbHoň 3auiHToň aah 
TpaHC<j)opMaTOpoB'npHMeHHK>T eme OAHy cneun- 
aAbHyio 3amHTy ot BHyTpeHHHx noBpeACAeHHň — 
ra 30 Byro (ta. IX, § 20), KOTOpaa aBAaeTca BecbMa 
ayBCTBHTeAbHOň npn Bcex BHyTpeHHHx 3aMbiKa- 
hhhx Aaxce c He3HaaHTeAbHbiM tokom noBpeacAé- 
hkh, ecAH b pe3yAbTaTe noBpeacAeHHa npoHCxo- 
aht ra30o6pa30BaHHe. 

B cok»3hoš npaKTHKe, yiHTHBaa H3AoaceHHoe, 
b HacToamee BpeMa oĎbmHO ycTaHaBAHBaioT Ha 
TpaHC(J)OpMaTOpaX B 3aBHCHMOCTH OT MOIHHOCTH 
h ycAOBHň hx paóoTbi CAeAyiomHe 3aiHHTbi: 

1) npn moihhocth 15 MVA h Bbirne — mhkch- 
MaAbHyio TOKOByro, ra30Byro h AHýepeHHHaAbHyio; 

2) npn MOIHHOCTH 1- 15 MVA — MaKCHMaAb- 

Hyio TOKOByio, ra30Byio h TOKOBue OTceaKH; 
AonycKaeTca npHMeHeHHe AHýepeHHHaAbHOŘ sa- 
IHHTbl, eCAH TOKOBUe OTCeHKH HeA0CT3TOHHO 
ayBCTBHTPAbHbl HAH He OĎeCneHHBaiOT HeoÓXOAH- 
MOŘ CeAeKTHBHOCTH B OTKAIOHeHHH noBpejKAeHHň 
Ha BTyAKax, He oxBaTbiBaeMbix ra30B0ň 3aiHHTOK; 

3) npn moihhocth MeHee 1 MVA — MaKCHMajib- 
Hyio TOKOByro 3amHTy; jnpn BbiAepxcKe BpeMeiiH 
3T0ň 33IHHTU He SoAee'■'-0,7 ceK. tokob3h ot- 
ceaKa MoaceT He yCTaHaBAHBaTbca. 

S. OCOEEHHOCTH AH<í>EPEHU,HAAbHOH TOKOBOH 
3AlU,HTbl TPAHCOQPMATOPOB 

ZIaH 3antHTbI TpaHC(|)OpMaTOpOB OT 3aMbIKaHHÍt 
B OĎMOTKaX, Ha HX BblBOAaX H COeAHHHTeAbHbIX 
npOBOAax AOCT3TOHHO IHHpOKO npHMeHaeTCH npo* 
AOAbHaa AH^epeiiHHaAbHaa TOKOBaa 3amHTa, npHH- 
UHnnaAbHO MaAO aeM OTAHnaiomancH ot noAOÓHOíi 
xce 33IHHTH aah reHepaTopoB. 

Ha (par. IX, 9 npeACTaBAeHa OAHOAimeňHaa 
npHHHHHHaAbHaa cxeMa AHýepeHHHaAbnofi 3amH- 
Tbi AByxoÓMOTOHnoro TpaHC(J)opMaTopa. lípa HOp-^ 
MaAbHOM pe«HMe paóOTH TpaHcýopMaTopa h npn 
SílMblKaHHHX BHe 3aiHHIHaeMOň 30HH 

Ip — íj /jj —Íh6, (IX, 25) 

20 * 


OTKyna CAeAyeT, hto nyBCTBHTeAbHOCTb AHýe- 
peHHHaAbHoň 3amHTbi TpaHcýopMaTOpa HaxoAHTca 
B npaMOň 33BHCHMOCTH OT TOKa HeÓaAaHCa ÍhS- 
HaAHHHe i H 6 npH npaKTHaeCKOM BbinOAHeHHH 
AH^epeHHHaAbHoň 3aiHHTbi Aioóoro aneMeHTa 
SAeKTpHHeCKHX yCT3H0B0K HBAHeTCH HeH36ejKHHM 
AeiJieKTOM, npHcymHM caMOMy AHýepeHHHaAbHOMy 
npHHHHny. Oah3ko aah AHýepeHUHaAbHOŘ 3amHTbi 
TpaHCýopMaTopoB i H 6 h BeAHHMHa ero npH pa3- 
AHHHbix pe*HMax HMeioT ocofioe 3HaaeHHe. Hmcrho 
npn 3amHTe TpaHC- 
ýopMaTopoB paA He- 
ĎAaronpHaTHHx 06 - 
CToaTeAbCTB BAeaeT 
3a coóoft B03M03K-- 
HOCTb pe3KOrO B03- 
pacTaHHH i H 6, a CAe- 
AOBaTeAbHO, H B03- 
MOMCHOCTb nOHHACe- 
HHH HyBCTBHTeAbHO- 

cth AnýepeHHHaAb- 

HOň TOKOBOH 33IHH Tbl. 

OCHOBHblMH npH- 
HHH3MH, BAHHIOIHHMH 
Ha yBeAHHeHHe i H e, 

HBAaiOTCfl: 

1. HaAHHHe K09- 
ýHHHeHTa TpaHCýop- 
M3HHH n CHAOBOrO 
t paHcýopMaTopa, KaK 
HpaBHAO, OTAHHHOTO 
ot eAHHHHbi. ileňcT- 
BHTeAbHO,AAH Tp3HC- 
ýOpMaTOpOB AIOĎOfi 
OTAHHHblň OT eAHHHHbl, pa3AHHHbI MeHÍAy C060ÍÍ 
H HOMHHaAbHbie 3Ha«íeHHH TOKOB B HenH BHCHierO 
h HH3iuero HanpaaceHHH TpaHcýopMaTopa. npn 
Bu6ope TpaHCýopMaTopoB TOKa no cymecTByio- 
ineĚ iHKaAe hx HOMHHaAbHbtx n m pa3H0CTb bto- 

pHHHblX TOKOB Í % H £„ npH OTCyTCTBHH nOBpe)K- 

achhh b TpaHCýopMaTope (KaK, HanpaMep, HH*e 
noKa3aHO b npHMepe) MoaceT 0Ka3aTbca BecbMa 
3HaHHTeAbHoň, AaBaa ÓOAbmyio BeAHHHHy i H s 
Aaxce npn HopMaAbHOM pexcHMe TpaHcýopMaTopa. 

2 . HanHHne HaMarHHHHBaioiHHx tokob chaobo- 
ro TpaHCýOpMaTOpa. Hto 6 h BblHBHTb 3aBHCHM0CTb 

í„6 ot HaMarHHHHBaioiHHX tokob, paccMaTpHBaeT- 

CH TpaHCýopMaTOp C «=1 H C OAHHaKOBblM co- 
eAHHeHHeM OdMOTOK. ECAH npHHHTb EO BHHM3HHe, 
HTO 



1 1 — Jnaja, 

(IX, 26) 

TAe Ihcm - 

- HaMarHHHHBaioiHHS tok 

TpaHcýopMa- 

TOpa, a h h Iu — tokh ero nepBHHHOH h BTopan- 

HOň OĎMOTOK, H B CBOIO OHepeAb 

H 

h — h + KomI 

(IX, 27) 

l II = hl “f- ÍhclmII, 

(IX, 28) 
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í>Hr. IX, 9. npHHUHnHajibuaa 
cxeMa flHíJiepeHUHaJibHoH 3amB- 
Tbl HByxoéMOTOBHOrO TpaHC^Op- 
Maiopa. 

MOIHHOCTH, HMeiOIHHX ti. 



HAH 


I\R6 h H ÍhomI — BTOpiIHHblS H H3M3rHHMHB3K>lUH{) 
TOKH Tp3HC4>0pM3T0p3 TOK3 H3 nGpBHHHblft CTO- 
pOHe 33mHm3eM0r0 TpaHC<j)OpMaTOpa, 3 ÍII H 
H IhomU — BTOpHMHblň H H3M3rHH4HB3IOmHň TOKH 
Tp3HC$OpM3TOp3 TOK3 H3 BTOpHHHOft CTOpOHe 
33XIlHm3eMOrO Tp3HC(J)OpM3TOp3, TO H3 ypSBHCHHft 

(IX, 25) — (IX, 28) no.ny«HM, hto 

Íh6 = IHdM {j-HClMll ÍhomI )• (IX, 29) 

T3KHM 06p330M B OTAHHHG OT AHlfiepGHHHaAb- 
Hoft 33IUHTU reHepSTOps i„6 onpcAGAHGTCH reo- 
MeTpHHecKoň cyMMoň HaMarHHHHBaromGro toks 
CHAOBOTO TpaHC(J)OpMaTOp3 H P33HOCTH H 3 M 3 rHH- 
HHBaiomHX TOKOB Tp3HC(})OpMOTOpOB TOKa. 

3. Pa3aHHH0e cogahhghhg oSmotok TpaHc^opMa- 
TOpa. npH COGAHHGHHH OÓMOTOK TpaHC(f)OpMaTOpa 

b cxeMy 3Be3Aa-Tpeyro^bHHK MGHcay nepBHHHbíMH 
TOK3MH npaMoň hah oópaTHOň nocAG,a.OBaT6Ab- 
hócth co CTopOHbí Bbicuiero h HH3uiero HanpajKe- 
HHa KaMCAoň <J>a3bi hmggtch HeKOTopwíl 4>a30BbiH 
CflBHT, OAHHaKOBblň A.AH BCeX 4>a3 TpaHC(|)OpMaTO- 
pa. Bcacactbhg 3TOro bo BTopHHHoň ucnn TpaHC- 
4>opMaTopoB TOKa, a CAe,noBaT6AbHo, h b ucnn 
pcAG, Aaace npn OAHHaKOBbix no bgahhhhg TOKax 
h h řii HMeeT MecTo i K g, oSycAOBAeHHbifi hx reo- 

MGTpHHGCKOň pa3HOCTbK). 

4. PeryjiHpOBaHHe n 3amHmacMoro TpaHC(J)opMa- 
Topa. npn peryjiHpoBaHHH HanpaaceHHa cootho- 
meHHa MGHCAy nepBHHHHMH, a cAGAOBaTGAbHO, h 

BTOPHHHblMH TOK3MH TpaHCť^OpMaTOpOB TOKa H3M6- 
HHIOTCa, HTO TaKHCe MOHC6T nOBAHHTb Ha yBGAH- 
aeHHe i H 6 . 

5. KOHCTpyKTHBHbie OTAHHHH TpaHC<í)OpMaTO- 
poB TOKa. B qacTHOCTH aah ^H<|)epeHu,Ha^bHofi 
3amHTbI TpaHC^OpMaTOpOB CO CTOpOHU Bbicuiero 
HanpaaceHHa (35 kV h Bbirne) oóbmHO HcnOAb3y- 
lOTca BCTpoGHHbie TpaHC(J)opMaTopbi TOKa. Hghach- 
THHHOCTb HaMarHHHHBaiOmHX XapaKTGpHCTHK 
TpaHC(j)OpMaTOpOB TOKa, yCTaHOBACHHbIX C AByX 
CTOpOH TpaHC(|)OpMaTOpa, npH 3H3HHT6AbHOfl BTO- 
pHHHOň Harpy3Ke h óoAbmoň KpaTHOCTH tokob 
CKB03H0T0 3aMbIKaHHH MOHC6T BbI3BaTb BGCbM3 
pe3Koe B03pacT3HHe i H s h C03a;aTb yrpo3y hgcgagk- 
THBHOrO ^efiCTBHa 3amHTbI npH BHGUIHHX nOBpGXC- 
AeHnax. 


9. flH4»EPEHUHAJlbHAfl TOKOBA9 3AIUHTA ÍIPH 
COEAHHEHHH OBMOTOK TPAHC<t>OPMATOPA no 
CXEME 3BE3flA-3BE3.HA 


Ha 4>Hr. IX, 9 npHBefleHa npHHHHnHaAbHaa 
CX6M3 AH(J)GpeHHHaAbHOfi 3aiIjHTbI AByXOĎMOTOH- 

aoro TpaHc4>opMaTopa c cogahhghhgm oómotok 
3BG3fla-3BG3Aa-12. 

riCpBHHHblň H BTOpHHHblň TOKH TpaHC(j)OpMa- 
Topa c HGKOTopbiM npHÓAHacGHHGM (npCHcSpcraa 
tokom HaMarHHHHBaHHa) oópaTHO nponopííHOHaAb- 

HU HHCAy BHTKOB OÓMOTOK: 


/I 


/ 


II 


WJI 

Wj 


(IX, 30) 


l n =n-I lt 


(IX, 31) 


TAG ti — K 03 (j>HUHeHT TpaHC^OpMaitHH CHAOBOTO 

TpaHC^opMaTopa Ha xoaoctom xo,ny. 

Bo BTOpHHHbIX OÓMOTKaX TpaHC<|)OpMaTOpOB 
TOKa AH(j[)GpGHUHaAbH08 33mHTbI TOKH COOTB6T- 
CTBeHHO paBHbí: 

ii-jT", (IX,32) 

n mi 


ill 


h_ 

n rnil 


(IX,33) 


no npHHHHny paóoTbi AH<f>6peHUHaAbH0fi 3amH- 
TbI TOK B HGnH pGAG npH H0pM3AbH0M pGIKHMG 
paÓOTbl TpaHC^opMaTopa AOAXCGH ÓbITb p3BGH HAH 
ÓAH30K K HyAK). 

OaH 3KO 9T0 MO*GT 6bITb TOAbKO, KOI\Ha 


HAH 


n m\ n mn 


n m\\ 


mi 


ht 

h 


= tl‘tl 
m 


I 


(IX,34) 
(IX,35) 


TaK KaK TpaHctJiopMaTopbi TOKa BbinoAHaioTCH 
TOAbKO Ha OnpGAeAGHIIblG HOMHH3AbHbIG 3H3HGHHa 
nGpBHHHbIX TOKOB, TO AAH BbinOAHGHHa yCAOBHH 
(IX, 35) nOTpGÓOBaAHCb 6bl AQHOAHHTGAbHblG 
MGpOnpHHTHH B BH^e, HanpHMGp, npHMGHGHHH 
CnGUHaAbHblX TpaHC(j)OpMaTOpOB TOKa H6CT3H- 
AapTHOTO THna (npaKTHHGCKH npHMGHHGTCH Apyroc 
pGUIGHHG — CM. HHHCC). 

npH HCn0Ab30B3HHH HCe CT3HAapTHbIX THnOB 
TpaHc4)OpMaTOp.OB TOKa Aaacc npH HopMaabHOM 
PGHCHM6 npHXOAHTCH yHHTMBaTb Í H 6, OÓyCAOBAGH- 
Hbie pa3HOCTbK) BTOpHHHHX TOKOB. IlyCTb, Ha- 
npHMep, 3amHma6Mbiň TpaHcAopMaTop hmggt P= 
MVA 

==10 H K034)HUH6HT TpaHC^OpMaUHH Ha xo- 

AOCTOM XOA.y 35/6,3. 

riGpBHHHbiň tok Ha CTopoHe HH3mGro Hanpa- 
5K6HHH TpaHC())OpMaTOpa 


h 


P kVA _ 10 000 

|/3 ^kV 1^3 '6,3 


= 920 A. 


BAHxcaňmeG 3HaHGHHG HOMHHaAbHoro nepBHH- 
Horo TOKa TpaHCiJiopMaTopa TOKa 1000 A. Cag- 

1000 cnn 

AOBaTGAbHO, ti , = — = — = 200, 

tn * O 


. _920 

l l 200 : 


= 4,6 A. 


ricpBHHHbiň tok Ha CTopoHG BbicuiGro HanpH- 

100C0 , 

xcghhh TpaHC(|)opMaTopa /n=-zr“: = 165 A. 

ř r 3 *35 

BAHXCafiniHň HOMHHaAbHHfi TOK 200 A. K03(t»H- 
UHGHT TpaHC(J)OpMaUHH TpaHC$OpMaTOpOB TOKa 

200 Ar . 
n mll= — — 40. 

165 

BtophhhwS tok íu = -4«—4,1 A. 
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Tok b peae npn HopMajibHOM peacime paóoTbi 
TpaHC(J)OpMaTopa i' p k — íii = 4,6— 4,1=0,5 A. 

npoTeKaiomHň qepe3 pe^ie i H 6 np h HopMajibHOM 
peacHMe b ^eůcTBHTejibHocxH MoaceT 6bHb eme 
ÓOJiee 3H3HHTeJlbHbIM, eCTIH npHHflTb BO BHHMaHHe 


ero yBejiHM6H3ie 3a cqeT tokob HaMarHHqnBaHHH, 
yMHTbiBaeMHx BMpaaceHHeM (IX, 29). 

flpH CKB03HMX KOpOTKHX 3aMbIKaHHHX i „6 
yBe^iimHTCH BCJieacTBHe yBeaHqeHHH qjieHa ť p , 
nponopuHOHa^bHoro CKB03HOMy nepBHMHOMy TOKy, 
h BTopofi cocTaB^Hiomeň Bbipa- 
MCeHHH (IX, 29) Íhom IX — Íhom I, 

KOTOpaa no HacbímeHHH TpaHC- 
4>opMaTopoB TOKa pacTeT 6 h- 
CTpee CKB03Horo TOKa. 





- 4>nr. IX,10. npHH- ~J 
UHnuaJibHan cxeMa 
aBTOTpanc^opMaTO- 

paN 



Q—I 1 . -O O- 

Ia J a M 


q>Hr,. IX,11. CxeMa 

BHyTpeHHHX COejtHIieHHÍi 
SBTOTpaHC^OpMaTOpa 
By-25 X9M3. 


Bo H 36 eacaHne HenpaBHJibHoro - neficTBHH 3 a- 
iňHTbi ip. m HeoóxouHMo 6 htio 6bi BbiónpaTb Heno- 
' nycTHMO éo^buiHM n nH4>epeHUHa.abHaH 3amnTa 
OKa3ajiacb 6bi MaaoqyBCTBHTe;ibHoft. 

JlAH BbipaBHHB3HHa BTopnqHbix tokob b ouho 
H 3 naeq cxeMbi aH^epeHUHa^bHOň 3amnTbi bkjiio- 
qaioT BcnoMoraTejibHuň aBTOTpaHC^opMatop. Hto- 


6h H36eacaTb neperpy3KH TpaHC^opMaiopoB tok# 
hjih yMeHbniHTb ceqeime KOHTpoabHoro KaSejm, 
aBTOTpaHC<f>opMaTop xce^aTe^bHo nonKJiioqaTb co 
CTopoHH óo^ee MomHoro TpaHC(|)opMaTopa TOKa. 

HecooTBeTCTBne Mexcny Be^aqnHaMH BTOpnq- 
hhx tokob b TaKOM cjiyqae ycxpanaeTca Hanjie- 
HCaiUHM Bbl 6 opOM tlam HOÓaBOqHOrO aBTOTpaHC^Op-. 
MaTopa. npa npaBHTibHOM Bbi 6 ope n am mojkho 
CHH 3HTb no MHHHMyMa cocTaBnaiomyio TOKa He 6 a- 
jiaHca i'p, oóycjiOBjíeimyio HecooTBeTCTBneM Meac- 
ny ti 3amnmaeMoro TpaHccJiopMaTopa n tt m TpaHc- 
^opMaTopoB TOKa. npHHUHnEa^bHaa cxeMa 3 bto- 
TpaHCťJiopMaTopa npenCTaBneHa Ha 4 )Hr - IX, 10. 

JXn a aBTOTpaHC<f>opM 3 Topa, KaK h .zyia oňbiqHO- 
ro TpaHC(|)opMaTopa,6e3 yqeTa HaMarHHqHBaromero 
TOKa fleňCTBHTejibHO cnenyiomee cooTHomeHne: 

k Wj = ki Wh. (IX,36)' 


llepBHqHOň oSMOTKoň aBTOTpaHccjjopMaTOpa Ha- 
3biBáioT Ty, KOTopaa HenocpencTBeHHO npncoenH- 
H36TCH KO BTOpHqHOŘ OÓMOTKe TpaHC<J)OpMaTOpa 
TOKa. 

riosTOMy, npiiHHMaa, HanpHMep, oÓMOTKy c 
qnc^ioM bhtkob W\ 3a nepBHqHyio, nonyqnM 


k 

ki 


«u 


— tlam • 


(IX, 37) 


IlepBHqHblM TOKOM aBTOTpaHC(J)OpMaTOpa B o 6- 
meM cnyqae MoaceT 6uTb KaK tok k, TaK h tok «h. 

B COOTBeTCTBHH CO exeMOň $Hr. IX, 10 kl . 
CjieflOBaTe^bHo, b tom cnyqae, Korná 3a nepBHq- 

Hblň TOK npHHHMaeTCH TOK k, tlam <C 1 H 3BTOTpaHC- 
4)OpMaxop HBJÍaeTCH nosbiraaiomHM. Korná nce 3a 
nepBHqHbiň tok npHHHMaeTCH tok ki, to/í OI ji> 1 
H aBTOTpaHC(J)OpMaTOp HB^IHeTCH noHHHcaiomHM. 
Ecjih, HanpHMep, c oaHoň CTOpoHbí TpaHC<i>opMa- 


AemompaHctfiopMamop mana BY-25 aaeoda X9M3 


TaóAutfa IX,2 
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H-Ily 

H-III 

0,93 

3 

H-I 

H-III 

0,72 

5 

H-III 

H-I 

1,5, 

5 

H-III 

H-II 

1,165 

3 

H-lIá 

H-III 

0,91 

3 

H-Ia 

H-III 

0,71 

4 

H-III 

H-Ia 

1,47 

4 

H-III 

H-IIa 

1.145 

4 

H-II 

H-III 

0,89 

4 

H-I 

H-III 

0,692 

4 

H-11I 

H-I 

1,45 

4 

H-III 

H-II 

1,122: 4 

H-IIa 

H-III ! 

0,875 

4 

H-Ia 

H-III 

0,68 

3 

H-III 

H-Ia 

1,41 

3 

H-III 

H-IIa 

1.1 

5 

H-II 

H-III 

0,86 

5 

H-l 

H-III 

0,666 

3 

H-III 

H-I 

1,39 

3 

H-III 

H-II 

1,068 5 

H-IIa 

H-III 

0,845 

5 

H-Ia 

H-III 

0,655 

2 

H-III 

H-Ia 

1,365 

2 

H-III 

H-IIa 

1,064; 6 

H-II 

H-III 

0,83 

6 

H-I 

H-III 

0,642 

2 

H-III 

H-I 

1,34 

"2 

H-III 

H-II 

1,036 

6 

H-IIa 

H-III 

0,81 

6 

H-Ia 

H-III 

0,63 

1 

H-III 

H-Ia 

1,315 

1 

H-III 

H-IIa 

1,02 

7 

H-Ii 

H-III 

0,8C5 

7 

H-l 

H-III 

0,624 

1 

H-III 

H-I 

2,29 2 

1 

H-III 

H-II 

1,0 

7 

H-IIa 

H-III 

0,79 

7 

H-Ia 

H-III 

0,615 
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Topa tok 6ah30k k xihth aMnepaM, a c Apyroň 
MeHbrae hah óoAbme, to, iiphmchhs aBTOTpaHc- 
(popMaTop KaK noBbímaioinHň hah KaK noHHacaio- 
mafl, mohího CAeAaTb 6ah3khm k iihth aMnepaM 
h tok, noaBOflHMbiň k peAe c jxpyroň CTopoHbi. 

B HacTOimi.ee BpeMH b Coio3e HMeioT pac- 
pocTpaHeHHe ABa Tuna aBTOTpaHccpopMaTOpOB, 
CXeMbl BHyTpeHHHX COeAHHeHHň KOTOpbIX npHBe- 
AeHbí Ha 4>Hr. IX, 11 h 4mr. IX, 12. 

ABTOTpaHc4>opMaTop By-25 (By — bciiomo- 

raTe^ibHoe ycrpofiCTBo) BbinycKaeTCH X3M3 (<pHr. 



<3>nr. IX, 12. CxeMa 
BHyTpeHHHX coeaH- 
HeHHH aBTOTpaHC- 
<4>opMaTopa ATil 
aaBoaa .SaeKTpo- 
annapaT”. . 



IX, 11) H HMeeT perv- ®Hr. IX, 13. CxeMa npiico- 
jmnnRuv n r nnp- cahhchhh noBUmaromero 
XHpOBKy n am B npe- aBTOTpaHcfcopMaropa. 
aeJiax ot 0,615 ao 
1,625. ABTOTpaHC<J)op- 

MaTOp ATil (aBTOTpaHc4>opMaTOp AOÓaPoqHHň, 
$nr. IX, 12), BbinycKaeMbiň 33 boaom „3acktpo- 
annapaT*, HMeeT peryAnpoBKy n am ot 0,5 ao 2,0. 

ABTOTpaHC^opMaTop By-25 HMeeT ÓoAbinee 
hhcjio OTnaeK, MeHbmHe raóapnTbi h oóycAOBAH- 
BaeT MeHbrayio HarpyaKy Ha TpaHC<popMaTopbi, 
noaTOMy eMy o6mhho npa npoqnx paBHbix ycAO- 
bhhx OTAaeTCH npeAnonTeHHe; oah3Ko By-25 Me- 
Hee ToqeH, qeMATil. Bo3MO>KHoe peryAHpoBa- 
HHe tlam aBTOTpaHcijiopMaTopa By-25 c yxasaHH- 

eM HeOÓXOAHMMX npHCOeAHHeHHÍi HpHBeAeHO B 

TaÓA. IX, 2. 

B paccMOTpeHHOM b biuie npnMfepe íi=4,6A 

h ř H = 4,lA: noaTOMy n a m — -r^= s 1,122. . 

*ii 

TaKOň tlam HMeeTCH B TaÓA. IX,2. npH 9TOM 
b paccMaTpuBaeMOM CAyqae ži = 4,6A aoaacch 
nOABOAHTbCH K 3a5KHM3M H-III (<J)Hr. IX,11), a 
BTOpHHHHň TOK řn AOAHieH ÓpaTbCH OT 33HCHMOB 
H-II. UlTenceAb ycTaHaBAHBaeTca b rHe3AO OTnafi- 
kh 4. TaK KaK AeňcTBHTeAbHbiň n am paBeH Tpeóye- 
MOMy pacneTOM, to noAyqaeMoe 3HaqeHHe bto- 
pHHHoro Toxa aBTOTpaHC^opMaTOpa óyAeT b 
tohhocth paBHO 4,1 A, t. e. CAaraiomaH i H 6, on- 
peAeAaeMaa paccMaTpiiBaeMbiM (paKTopoM, noA- 
HOCTbio KOMneHCHpyeTC.a. 
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ripHCoeAHHeHHe noBbímaiomero aBTOTpaHC- 
(JiopMaTopa noKa3aHO Ha <j)Hr. IX,13. ilAa iiohh- 
xcaiomero aBTOTpaHC<i)opMaTopa noAoaceHHe oómo- 
tok MeHaeTca Ha oópaTHoe (TpaHc<j>opMaTop TOKa 

C ÓOAbUIHM TOKOM npHCOeAHHaeTCH K OÓMOTKe 

aBTOTpaHC<i)opMaTopa c MeHbniHM hhcaom bhtkob). 

10. AH4»EPEHUHAJlbHAfl TOKOBA9 3AIU.HTA nPH 

coeahhehhh obmotok tpahc^opmatopa no 

CXEME 3BE3AA-TPEyrOAbHHK 

Ha <jmr. IX, 14 npeACTaBAeHa npHHUHnHaAbHaa 
cxeMa AH$epeHU.HaAbHoft 3amHTbi TpaHccpopMaTO- 
pa, OÓMOTKH KOTOpOrO COeAHHeHW B 3Be3Ay-Tpe- 
yroAbHHK 

B 9tom CAyqae MexcAy HanpaaceHHaMH h to- 
k3mh OAHOHMeHHbix <J»a3 noAyqaeTCa cabht Ha 
yroA, cooTBeTCTByiOHiHft rpynne coeAHHeHHa. 
B CCCP b KaqecTBe eraHAapTHOň rpynim npn- 
hhto coeAHHeHHe 3Be3Aa-TpeyroAbHHK-l 1, npn ko- 
TopoM yroA MeacAy ťok3mh co ctopohu 3Be3AH 

H COOTBeTCByiOmHMH HM AHHeňHUMH T0K3MH CO 
CTOpOHbl TpeyrOAbHHKa npH npHHaTbIX yCAOBHbIX 
noAoacHTeAbHbix HánpaBAeHHax paBeH 330°. Ilpn 

9TOM BeKTOpbl AHHeňHbIX TOKOB OAHOfi H TOň Hte 
<pa3bi Ha CTopoHe 3Be3Abi h ^TpeyrOAbHHKa, Ha- 
npHMep, I A H fa COOTBeTCTBeHHO 33HHMaiOT HOAO- 
aceHHe MHHyTHOft h qacoBoň CTpeAOK qacoB, KorAa 
ohh noKa3biBaK)T 11 qac. 

npH BKAioqeHHH cxeMM AH^epeHHHaAbHoň 3a- 
IH.HTH C COeAHHeHHeM BTOpHqHbIX OÓMOTOK TpaHC- 
(popMaTopoB TOKa Ha oéenx CTOporiax chaobo- 
ro TpaHc^opMaTopa b 3Be3Ay b uenn peAe, Aaace 
npn noAHOM paBeHCTBe aécoAioTHbix 3HaqeHHft 
BTOpHqHbIX TOKOB, IIOHBHTCH HeKOTOpblS TOK He- 

6aAaHca, oSycAOBAeHHbiň cabhfom 4>a3 MeacAy nep- 
BHMHbíMii TOKaMH, t. e. hx reoMeTpnqecKoň pa3- 

HOCTbK). 

Hto6m 9T0 yCTpaHHTb, BTOpHqHbie TOKH npn- 
boaht k coBnaAeHHio no <pa3e nyTeM coeAHKeHHň 
BTopnqHbix oómotok TpaHCiJjopMaTopa TOKa oóbiq- 
HO CO CTOpOHbl TpeyrOAbHHKa CHAOBOrO TpaHC- 
(popMaTopa b 3Be3Ay, a Ha CTopoHe 3Be3Abi — b 
T peyroAbHHK. 

řlpH npaBHAbHOM BblIIOAHeHHH TaKOň CxeMbl 
coeAHHeHHň BTopnqHbie tokh coBnaAaioT no (pa¬ 
se h cocTaBAHromaa TOKa HeóaAaHca, oóycAOBAeH- 
Haa hx reoMeTpHqecKoň pa3HOCTbio, noAHoerbi© 
Hcqe3aeT. 

B COOTBeTCTBHH CO CXeMOŠ COeAHHeHHH nep- 
BHMHblX H BTOpHqHMX OÓMOTOK CHAOBOrO H H3- 
MepHTeAbHHx TpaHCťpopMaTopoB Ha (pnr. IX, 14 
npHBeAeHbí BeKTOpHbie AHarpaMMbi tokob a-^h 
B cex Tpex 4>a3. 

Ha IX,14a npHBeAena BeKTopHaa A«ar- 

paMMa AHHeflHbix tokob I a , Ib h I c Ha CTopoHe 
3Be3AW. Tokh b oÓMOTKax TpaHC^opMaTopa Ha 
CTopoHe TpeyrOAbHHKa h, /^, / T MoryT óuTb H30- 
ÓpaaceHbí BeKTopHoň AHarpaMMOň <pHr. IX, 146, 
coBnaAaiomeň, yqHTbiBaa BbiópaHHbie noAoacH- 



Te^faHhie HanpaBJíeHHH, c AHarpaMMOň tokob /*, Pohu btoph^hhx oómotok TpaHC$opMaTopoB 

• • ... TOKa, COe^HHeHHHX B 3Be3ay, COOTBeTCTBVET 

/b h Iq. JiHHefiHHe tokh I a , I b h I c , HanpaBAeH* AnarpaMMe tokob (jwr. IX, 14e. 

Hwe' k TpeyrojibHHKy TpaHC<J)opMaTopa co cto- H3 cpaBHeHHH AHarpaMM <Jmr. IX, 14 ac h 
Pohh HCToqHHKa nHTaHHH, coOTBeTCTByioT Bex- IX,14e CAeAyer, hto npn coeAHneHHH BTODHqHbix 

TAmrnft nu«rf\o»í»yfa _ TV 1 A ^ _«...__ 1 _ ‘ 


TOpHoň AnarpaMMe tokob <j)nr. IX, 14b. 
no 3aK0Hy KHpxro4>a AHHefiHbie tokh: 

K = h — 4; h =4 - 4; 4 (ix,38) 

TaKHM ace nyTeM nojiyqaioTCH h BeKTopHbie 
AHarpaMMM BTOpHHHbIX TOKOB TpaHC(|)OpMaTOpOB 

TOKa i A , i Bt i r , , h 4 , 4, i fi ((J)Hr. IX,14r h IX, 14e), 



OSmOTOK TpaHC(J)OpMaTOpOB TOKa, yCTaHOBJíeHKUX 
Ha CTopoHe 3Be3^H CH^oBoro TpaHC(J)opMaTopa — 
b TpeyrojibHHK, a Ha CTopoHe Tpeyro^bHHKa — 
B 3Be3fly, BTOpHHHbie TOKH B ,ZlH(})epeHIJHa;ibHOŘ 
uenH coBna^aioT no <J)a3e (cjwr. IX, 143). 

ripn 3TOM HeOÓXOAHMO HMeTb B BH£y, HTO 
He BCHKoe coeAHHeHHe btophhhmx o6motok TpaHC- 
4)0pMaT0p0B TOKa b Tpeyro^bHHK oóecneHHBaeT 
ířOMneHcaííHio CABnra no (J)a3e Mexc/iy TOKaMH* 
TaK, HanpHMep, coe/WHeHHe, BunojiHeHHoe co- 


A 

A 


.a; 


z 


d 



<í>Hr. IX,14. BeK- 
TopHbie jiHarpaMMu 
TOKOB B U,enH AH- 
4>epeHu,HaabH0H 3a- 

BlHTbi AByxoĎMOToqHOro TpaHc4>opuaTopa, o6motkh 
KOT oporo coeAHHeHU no cxeMe Y/A-ll. 

KOTopue 6yxyr (cm. tji. II, § 11) cooTBeTCTBeH- 
ho coBna^aTb no <J)a3e c boktophumh AHarpaM- 
M 3 MH nepBHqHUX TOKOB (<j)Hr. IX,14a H IX,14 b). 

Ecah 6bi TpaHccJjopMaTopbi TOKa Ha CTopoHe 
3Be3au h Tpeyro^bHHKa cHAOBoro TpaHC<J>opMaTO- 
pa óbijra coeflHHeHbí b 3Be3Ay, to b uenn pejie 
npoTeKa^H 6bi tokh, . o6ycAOBAeHHbie $a30BbiM 
CABHTOM MOK^y BTOpHqHHMH TOK3MH ($Hr.IX,14fl). 

Tokh i' A , í 'b h i 'c, Ha.npaBAHiomHecH k AHíbepeH- 
una^bHoň uenH ot BTopnqHux oĎmotok TpaHC- 
^OpMaTOpOB TOKa, COeAHHeHHHX B TpeyrOflbHHK, 

npeACTaBJíeHbí BeKTOpHoň AHarpaMMOft^nr. IX,14xc. 
no 3aKOHy Knpxro^a 

(IX,39) 
no- 


A 

h 


i A = l A — l B\ Ib — ÍB — l C ; lc—lc—i Ať 

BeKTopHaH AHarpaMMa tokob i a , i b h i e . 


CTynaiomHX b AH<i>epeHEiHaAbHyio iienb co cto- 


rAacHO <j)Hr.IX,15a, 
He AacT Tpeóye- 
Moro 9(J)(|)eKTa. 

HaoóopoT, KaK 
to CAe^yeT H3 BeK- 
TopHOŘ AHarpaM- 
Mbl <j)Hr. IX,15 6, 
4>á3Hbiň yroA 
CABHra Me*Ay tok3mh i a , 
i b , i e H i/, ig, i c ' BMeCTO 
CHHíKeHHH AO 0 yBeJIHMHT- 

ch ao 60° h, caeAOBa- 
TeAbHo, i H s b pejie eme 
6oAee B03pacTeT. 

KoMneHCauHio CABnra 4>a3 BTopnqHHX tokob 
b cxeMe AH^epeHnnaAbHoň 3auiHTu TpaHc^op- 
MaTopa c coeAHHeHHeM oómotok 3Be3Aa-TpeyroAb* 
hhk npHHUHíinaAbHO bo3mo)kho BbinojiHHTb h ny¬ 
TeM COeAHHeHHH BTOpnqHblX OÓMOTOK TpaHC(|)Op- 
MaTopoB TOKa Ha CTopoHe TpeyroabHHKa chaoboto 
T paHc4>opMaTopa — b TpeyroAbHHK, a Ha CTopoHe 
3Be3AW — B 3Be3Ay. 

Taxoe coeAHHeHHe, xaK npaBH^o, oah3ko, 
He npHMeHHioT, noTOMy hto b cayqae paóoTbi 
TpaHC(J)opMaTOpa c 3a3eMAeHHoň Hy^eBoft ToqKoň 
(4>nr. IX, 16) npn BHeumeM 3aMbiK,aHHH Ha 3eMAto 
Ha CTopoHe 3Be3A« 3aniHTa MoaceT HeceAeKTHBHO 
nOAeňCTBOBaTb H OTKAHjqHTb TpaHc4>opMaTop. 
npOHCXOAHT 3 TO BCAeACTBHe TOTO, HTO TOKH 

HyAeBoU nocAeAOBaTe^bHOCTH, B03HHKaiomHe bo 
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a. 


$Hr. IX, 15. BeKTopHafl ^uarpaMMa tokob npn HenpaBHJib* 

BOM COeAHHeHHH BTOpHqHblX OĎMOTOK TpaHCcJjOpMaTOpOB^TOKa. 

BTOpHHHbIX OĎMOTKaX TpaHC(J)OpMaTOpOB TOKa Ha 
CTopoHe 3 Be 3 Abi, 3aMbiKaioTCH qepe3 peAe, He kom- 
neHCHpyflCb tok3mh co ctopohh Tpeyro^bHHKa. 

npH COeflHHeHHH BTOpHHHbIX OĎMOTOK TpaHC- 
4>OpMaTOpOB TOKa B TpeyrOJIbHHK TOK HyaeBOň 
noc^enoBaTejibHocTH HHpKyAapyeT TOAbKO b hcm, 
He bmxoah b coeAHHHTeAbHbie npOBOAa (cm. ta. II, 
§ 11); 9THM OĎecneHHBaeTCH CCAeKTHBHOCTb 
AeŮCTBHH 3aiUHTH. 

H3 BeKTOpHbix AHarpaMM (Jwr. IX, 14 6 h (Jmr. 
IX, 14 b bhaho, hto npH coeAHHeHHH btophhhwx 
OĎMOTOK TpaHC4)OpMaTOpOB TOKa B TpeyrOJIbHHK 
jiHHeňHbiň tok, nocTynaiomHů ot btoů rpynnw 
b AH(j)epeHUHajibHyio uenb, b j/3 pa3 ĎOAbine 
BTopHHHoro TOKa TpaHC<|>opMaTopa, t. e. paBeH 

. Ecjih ot rpynnw TpaHcdiopMaTopoB to- 

V n m 

Ka, BTOpHHHWe OĎMOTKH KOTOpbIX COeAHHeHW 
b 3Be3Ay, nocTynaeT MeHbuiHň tok, neM co cto- 
pOHbl TpaHC$OpMaTOpOB TOKa, COeAHHeHHbIX B 
TpeyroAbHHK, to pejie ĎyAeT HarpyxceHO pa3- 
HOCTbK) 9THX TOKOB. 

Kax h b cxeMe 3amHTbi TpaHC<|>opMaTOpa 
c coeAHHeHneM oďmotok 3Be3Aa-3Be3Aa, kom- 
neHcauHH pa3HOCTH tokob no BeAHHHHe HcnoAb- 
3yiOTCH aBTOTpaHC(J)OpMaTOpbI. 

TpaHCťJJopMaTOpW TOKa CO CTOpOHW 3BC3AW 
CHAOBoro TpaHc^opMaTopa b nejiax npHĎAnxce- 
HHH n am K eAHHHIie BWĎHpaiOT C npHĎAH3HTeAbHO 
B Ys pa3 ĎOAbUJHM HOMHHaAbHblM nepBHHHWM 
TQKOM no CpaBHeHHIO O HOMHHaAbHblM TOKQM CHAO- 

Boro TpaHC^opMaTOpa. 

YcTpaHHTb HepaBeHCTBO BTopaqHbix tokob 

MOHCHO TaKHCe T3KHM nOAĎOpOM TpaHClpOpMaTOpOB 
TOKa, HTO Ha CTopoHe 3Be3AbI CHAOBOrO TpaHC- 

Iyhojh 

5 

^opMaTopa n\m — ý 3 , a Ha CTopoHe TpeyroAb- 

HHKa Wa m — —- . TaKOň MeTOA BHpaBHHBaHHH 

tokob TpeĎyeT cneunaAbHux TpaHC(|>opMaTOpOB 
TOKa h no9TOMy b HacTonmee BpeMH Ha npax- 
THKe He npHMeHaeTCH. 
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<I>Hr. IX,16. PacnpeaejieHHe tokob HyjieBoň nocaeaoBaieJibHO 
CTH npH BHeinHeU OAHO(J)a3HOM 3aMblK3HHH Ha CTopoHe 3Be3AU. 



4>«r. IX, 17. CxeMa AH<j»epeHUHajibHoft tokoboG 3amHTbi AByx-» 
oĎMOTOHHOro Tpanci{)OpMaTopa c coexHneHHeM oďmotok 

T/A-ll. 

CxeMa AHípepeHUHaAbHofi 3amnTbi Tpex<|>a3- 
Horo TpaHccpopMaTopa c coeAHHeHHeM oďmotok 
3 Be 3 Aa-TpeyroAbHHK npHBeAeHá Ha <J>Hr. IX, 17. 
ripn AeftCTBHH AHipepeHHHaAbHoň 3amHTW no- 

AaeTCH HMnyAbC Ha OAHOBpeMeHHoe oTKAioneHne 
TpaHCípopMaTopa co CTopoHM Bwcmero h co cto- 
poHW HH3inero HanpaxceHHft. 


11. AH4>EPEHU,HAJlbHAlI TOKOBAÍ1 3AU1.HTA 
TPEXOBMOTOHHUX TPAHC4>OPMATOPOB 

.HH^epeHiiHa^bHufi npHHimn mohcho Hcnonb- 
30B3Tb H AJIH 3amHTbI TpeXOÓMOTOHHHX Tp3HC- 

<J)opMaTopoB nyTeM coeAHHeHHH btophhhhx 06 - 
MOTOK TpaHC<í>OpMaTOpOB TOKa BCeX Tpex BeTBeň 
b AH(|)epeHu.Ha^bHyio cxeMy c napa^eabHbíM 
npHcoeAHHeHneM pene. 

npHHUHnna^bHaH cxeMa AH(J)epeHiiHajibHoň 
3amnTbi TpexoÓMOTOHHoró TpaHc^opMaTopa mh 
oahoíí 4>a3bi npHBeAeHa Ha $Hr. IX, 18. 


Bce npKBeAeHHbie cooTHomeHHH cnpaBeAJiHBbiv 
oah3ko, Kax ynce Bbíme OTMeqanocb, TOHbKO upn 
npaBHjibHOM Bbióope h coe^HHeHHH TpaHC(J>opMa-- 
TopoB Toxa OTaejibHbix BeTBeň. HoMHHajibHbie 
MOIHHOCTH OÓMOTOK TpeXOÓMOTOHHOrO TpaHC^Op- 
MaTopa nacTO óbiBaiOT pa3./iHHHH, a BcneACTBHe 
STOrO pa3JIHHHbI H IiepBHHHMe HOMHHaAbHHe TOKH 
OTfleJibHbix BeTBeň. ripH BHÓope n m TpaHC<})op- 
M3TOpOB TOKa no HOMHHa/IbHOfi MOIU.HOCTH OTfleflb- 
hmx oómotok TpaHC(j)opMaTopa reoMeTpnaecKas 
CyMMa BTOpHHHHX TOKOB He paBHa Hyjno. Mtoóh 
odecneqHTb npaBHJibHne cooTHomeHHH tokob- 





<í>Hr. IX, 18. npHHminHa;ibHa9 cxeMa flH<J)epeimHajibHoft 3a- 

IUHTU TpexOČMOTOHHOrO TpaHC(j)OpMaTOpa. 

riOJIb3yHCb 33 K 0 H 0 M KHpXrO(|)a, MOHCHO H3nH- 
caTb ycHOBHe paBHOBecHa tokob a 4 h oahoA h3 
y3HOBbix ToaeK BTopHHHOň nenn, HanpHMep, 
tohkh a: 

ip — h — řn — hn- (IX, 40) 

npH npaBHHbHOM BHÓope H COeAHHeHHH OÓ¬ 
MOTOK TpaHC(J)OpMaTOpOB TOKa H aBTOTpaHC(f)Op- 
MaTopoB reoMeTpHaecKaa pa3HOCTb btophhhhx 
TOKOB npa HOpMajIbHOM peXCHMe paÓOTH Tp3HC- 
4)OpMaTOpa H CKB03HHX KOpOTKHX 3aMblKaHHHX 
b HjeaAbHOM cnynae Bcer^a paBHa Hynio. CneAo- 
BaTeabHO, b 9thx pe*HMax aepe3 pene npoTe- 

KaeT TOJIbKO Í U 6- 

npa 33MbiKaHHH b npe^ejiax 3amHmaeMoň 

30HbI COOTHOmeHHa MeHCAy nepBHHHHMH TOK3MH 
H3MeHHK)Tca. Hepea pene npoxoAHT 3HanHTe./ib- 
Huň tok, paBHbiň npHMepHo TOKy b MecTe no- 
BpeacAeHHH, cnocoóHHfl npHBecTH 3ain,HTy b Aeň- 
CTBHe. TaK, HanpHMep, npn noBpencAeHHH b oó- 
MOTKe TpaHC(|)OpMaTOpa H OAHOCTOpOHHeM nHTa- 
hhh MecTa noBpeHCA^HHa tokom h tok b pene 
cornacHO BbipaHceHHio (IX, 40) h <jwr. IX, 19 a pa- 
BeH i 0 = i \. 

IlpH AByxcTOpOHHeM nnTaHHH MecTa noBpenc- 
AeHHH TOK3MH h h In (<J)Hr. IX, 19 6) i p =ii -f-řii. 
Mepe3 pene npoxoAHT cyMMapHHfl BTopHHHHfl 
TOK 3aMbIKaHHa. 


tftor. IX,19. PacnpeaexeHHe tokob b uěrm flH^epeHUHaab- 
Hoii^amHTbi npH 3aMbiKannH b 3amnmaeMoň 3oae. 
a — npH oAHOCTOp^BHeM nnTaHHH; 6 ♦— npa AByxcTOpoimeM nmaHHR. 



<J>hi\ IX, 20. npHHUHiiHajibHaH cxeMa AH^epeHUHajibHOH to- 
koboh saiAHTbi TpexoÓMOTOHHoro TpaHC(j3opMaTopa. 
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b AH(j)epeHaHa/ii>Hoft 3amHTe TpexoĎMOToqHoro 
TpaHC4)0pMaT0pa, HeOĎXOAHMO npOH3BOAHTb BH- 
6op TpaHC(J)opMaTopoB TOKa aah KaacAoň 06 - 
motkh He no ee HOMHHajibHOň moihhocth, a no 
OAHOŽ H TOfi ace 6a3HCHOft MOIHHOCTH, 3a KOTO- 
pyro oďhmho npnHHMaeTCfl HOMHHaAbHaa moiu- 
HocTb HanSoAee moiuhoů očmotkh 3ain,HmaeMoro 
TpaHc^opMaTopa. 

ripn HCn0Ab30BaHHH TpaHC(J)OpMaTOpOB ŤOKa 
Hopsia/ibHOro THna no cyinecTByioineň uixa^e 
HOMHHaJIbHblX tl m BTOpHqHbie TOKH OTACAbHblX 
BeTBeň MoryT noAyqnTbca HeoAHHaKOBMMH. Bm- 
paBHHB3HH6 hx, xaK h np« AH<J)epeHnHanbHoň 
3aniHTe AByXOÓMOTOqHblX TpaHCtjjÓpMaTOpOB, 
npOH3BOAHTCH C nOMOUIblO aBTOTpaHC(J)OpMaTO- 
-poB. Ho Tax xax BbipaBHHBaTb Tenepb Heodxo- 
ahmo tokh Tpex BeTBeň, to aah KaatAOň <j>a3bi 
TpeSyeTca no Asa aBTOTpaHC<j)opMaTopa. 

IlpHHUHnHa^bHaH cxeMa AH(j)epeHnHa;ibHoft 
3amHTbi TpexoĎMOTOHHoro TpaHc4>opMaTopa npn- 
BeAeHa Ha <jwr. IX, 20. . 

ABTOTpaHC(J)OpMaTOpU OÓbRHO yCTaHaBAHBa- 
kjtch Ha Tex AByx CTOpoHax, KOTopbie HMeioT 
OTBeTBJíeHHH Ha OÓMOTKaX CHAOBOTO TpaHC(j)Op- 
MaTopa aah peryaHpoBaHHH HanpaaceHHa. ripn 
9 tom b CAyqae nepexoAa Ha Apyroe OTBeTBAe- 
Hne MeHaeTCH noAoaceHHe niTence-na TOAbKO 
y cooTBeTCTByiomero 3BTOTpaHC<j)opMaTopa. 

npH HeAOCTaToqHoft MoiuHocTH TpaHC<|>opMa- 
topob TOKa bo H36eacaHHe hx neperpy3KH 3bto- 
TpaHC<|)opMaTopb! ycTaHaB^iHBaioTCH Ha CTopoHe 
6o;iee MOniHbix TpaHCťfeopMaTopoB TOKa. PeryAH- 
pOB3HH6 BTOpHHHHX TOKOB npH H3MĎH6HHH OTBeT- 
B/ieHHH npoH3BOAHTCH npH 3tom yace OĎOHMH 
TpaHc^opiiaTopaMH, hto HecKOAbKo MeHee yAOĎHO. 

Zl/ia ycTpaHeHHH oĎyaioBJíeHHoro cxeMoň co- 
-eAHHeHHH chaoboto TpaHC<J)OpMaTopa CABHra <J)a3 
MeacAy tok3Mh OTAeAbHbix BeTBeň 3Aecb Taxace 
npnMeHaeTCH coeAHHeHHe btophhhwx oďmotok 
TpaHC(j)OpMaTOpOB TOKa B TpeyrO^bHHK Ha CTO- 
poHe 3Be3AH CHJioBoro TpaHC<i>opMaTopa. 

12. TOK TPOrAHHfl A,H4>EPEHUHAJlbHOň 
TOKOBOfi 3AIU.HTM TPAHC4>OPMATOPA 

npH paCCMOTpeHHH npHHUHnHaJIbHbIX CXeM AH- 
<4)epeHnna^bHofl 3ainHTH AByx- h TpexoĎMOToqHbix 
TpaHC(J)OpMaTopoB npeAnoAaraAOCb, hto b ycAO- 
BH5ix HopMaJibHoro peacHMa pa6oTM, a Tanace npn 
CKB03HMX KOpOTKHX 33MbIKaHHHX TOK B peAe 

OTcyTCTByeT hah Hweeť He3HaqHTeAbHyio BejiH- 
MHuy. Taxoe npeAnoAoaceHHe 6 mao ocHOBaHO Ha 
AonymeHHH, hto reoMeTpHqecKaa cyMMa hah pa3- 
HOCTb (B 33BHCHMOCTH OT yCAOBHO npHHHTbIX nO- 
jioacHTeAbHbix HanpaBneHHň) npnBeAeHHbix tokob 
bo BTopanHOfi uenn no CBoeň BeAHqnHe ĎAH3Ka 
K Hyaio. B AeňCTBHTeAbHOCTH 9Ta BeAHHHHa MO- 
xceT 0Ka3aTbca BecbMa 3HanHTeyibHoň. 

Kax yace 6 hao OTMeqeHo, OHa oéycAOBAeHa: 

1) HepaBeHCTBOM BTOpnqHbix tokob OTAeAb- 
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Hbix BeTBeň no BeAHHHHe Aaace npn HaAHqniř 
aBTOTpaHC^OpMaTOpOB (OTCyTCTBHe y hhx HaA- 
jieacantHX OTnaex); 

2) norpeuiHOCTaMH cbmhx aBTOTpaHC^opMa- 
TOpOBJ 

3) norpeniHOCTHMH TpaHC(j)opMaTopoB TOKa; 

4) HaMarHHHHBaioinHM tokom ch^oboto TpaHC- 
<í»opMaTopa. 

KpoMe toto cyMMa (hah pa 3 HOCTb) tokob mo- 
x<eT B03pacTH eme AonojiHHTe^ibHO, ec^in TpaHC- 
(|)OpMaTOp HMeeT yCTpoňCTBO A^in aBTOM3THqe- 
CKpro perynnpoBaHHa HanpaaceHHa noA Harpy3- 
Kofi hjih ecjm npn HeaBTOMaTHqecxoM nepexoAe 
Ha Apyroe OTBeTpAeHHe He 6 ha nepecTaBJíeH 
niTenceJib Ha aBTOTpaHC(j)opMaTope. 

Tok TporaHHa i p . m tokobhx pejie AH(|)epeH« 
UHaAbHOň 3aniHTU aoajkch BHĎHpaTbCa 6o^buie 
Íh6 max. ECAH He CHHTaTb TOJIHKOB HaMarHHHHBaiO- 
hxhx tokob npn BKJiioHeHHHX noA HanpaaceHHe, 
4(5 AOCTHraeT Hančo^buiero 3HaaeHHa npn ckbo3- 
HblX KOpOTKHX 33MbIKaHHHX, T. e. KOrAa M03KeT 
HMGTb MecTO HaHĎoJibuiee pacxoacAeHHe MeacAy 
XapaKTepHCTHKaMH TpaHC4)OpMaTOpOB TOKa OT- 
AeAbHMX BeTBeň. s riOSTOMy ip.m AOAHCeH 6bITb 
dOAbUlé 4(5 max npH HaH60AbUiefl KpaTHOCTH TOKa 
CKB03H0r0 KOpOTKOrO 3aMbIK3HHfl. 

flpH 3aniHTe TpaHc4>opMaTOpOB BecbMa nacTO 
b AH(|>epeHnHaAbHyK) cxeMy coeAHHaroTca TpaHC- 
4>OpMaTOpbI TOKa OTAeAbHUX BeTBeň, pe3KO OT- 
AHHHHe MeatAy coĎofl no tohhocth paóoTbi. Oco- 
6eHHo KacaeTca sto Tex cAynaeB, KorAa Ha cto- 
poHe oďmotok HanpaHceHHeM 35 kV h Bbíme hc- 
nOAb3yiOTGH AAH 3an(HTU TpaHCC^OpMáTOpbl TOKa 
Tana TB, t. e. TpaHCifíopMaTopbi, BcrpoeHHbie bo 
BT yAKH BHKAroaaTeAeň. 

B T3KHX CAyqaaX Wmax MOHCeT AOCTHraTb 3Ha- 
HeHHň, ĎAH3KHX K HOMHH3AbHOMy BTOpHHHOMy TOKy 
TpaHC^JOpMaTopa h Aaace ero npeBMuiaioníHX. 
MeTOAOB ToqHoro pacqeia 4« npn ckb03Hhx 
kopotkhx 3aMbiKaHHax c yqeTOM nepexoAHbix 
npoueccoB, KaK yáce OTMeqaAocb paHee, He cy- 
inecTByeT. Hto6h H3ÓeacaTb qpe3MepHbix 3Haqe- 
HHň 4(5 npn ckbo3hux kopotkhx 3aMbiKaHHax, 

' TpaHC(|)opMaTopH TOKa noAĎHpaioTca c TaKHM 
pacqeTOM, htoSm hx cepAeqHHKH He AocTHraaH 
npeAeaoB MarHHTHoro HacumeHna npn AioSoň 
B03M0ACH0ň KpaTHOCTH tokob. Rjih TaKOrO nOA- 
6opa CAyacaT KpnBbie npeAeAbHO-AonycTHMOň no- 
rpeuiHOCTH (10%-HMe KpnBbie— cm. rAaBylí, § 12). 

npH HCn0Ab30B3HHH npOCTHX MaKCHMaabHbIX 
tokobmx peAe AH^epeHUHaAbHaa 3amHTa noAy- 
qaeTca HHorAa BecbMa rpyóoň h mbao npneMAe* 
MOň A^IH 3aniHTbI TpaHC(pOpMaTOpOB OT BHyTpeH- 
hhx noBpeacAeHHfl. riosTOMy b HacToanxee BpeMH 
qacTO npHMeHaioT čojiee ycoBepmeHCTBOBaHHbie 
AH^epeHUHaAbHue 3amHTbi (qanie Bcero peAe c 

T0pM03HbIMH OÓMOTKaMH), OĎAaAaiOinHe He TOAbKO 
BblCOKOň qyBCTBHTeAbHOCTbK) npn BHyTpeHHHX 
nOBpeJKACHHHX, HO H CeAeKTHBHOCTbK) npH CKB03* 
HUX KOpOTKHX 3aMbIKaHHHX. 



OcHOBHwe cnocoéu noBMiueHHfl qyBCTBHTe^b- ópocKOM HaMarHHqHBaiomero TOKa. BKAioqeHHe 
hocth AH^epeHUHa^bHoň 3amHT« TpaHC(J>opMaTO- Tpex(|)a3Hbix TpaHc<J>opMaTopOB conpoBoacaaeTca 
pOB paCCMOTpeHbl HHXCe (CM. T3KHC6 TJI. V, § 11). SpOCKOM TOKa He33BHCHMO OT MOMeHTa BOIOie- 

HHH. 


13. BJIOKHPOBKA flH4»EPEHUHAJIbHOft TOKOBOft 
3A1UHTM TPAHC4>OPMATOPA OT BPOCKOB TOKA 
-> HAMATHHHHBAHHfl 

řípa paccMOTpeHHH paóoTbi Aň<J)epeHii,Ha./ibHoň 
3amHTH npn ckbo3hí«ix kopotkhx 3aMbiKaHnax 
očbíHHo npHHHMaeTCa bo BHHMaHae tok HeóajiaHca 
6e3 yqeTa cocTaBAaiomeň, oóyc^oBAeHHOň HaMar- 
HHHHBaromHM TOKOM, BBHAy ee OTHOCHTeJIbHO 
MaAOň B 9THX CflyqaaX BeAHaHHbl. 


HaHĎOAbuiHň 6pocoK TOKa nojiyqaeTca, Koma 
BKAioneHae npoHCxoAHT b momcht nepexoaa Kpa- 
Boň npaaoKeHHoro Hanpa>KeHHa qepe3 Hy^b. 
ílOCAe BKAJOMeHHH B03HHK3I0T AB3 nOTOKa, OflHH 
H3 KOTOphix (<&')— BUHyacAeHHbiň noTOK ycTaHO- 
BHBiueroca pexcHMa, a apyroň ($") — cbo6oa- 
Hbiň 3 aTyxaiomHft noTOK nepexoAHoro pexcHMa 
($Hr. IX, 21). 

yCTaHOBHBUIHfiCfl nOTOK OTCTaeT OT npH.no- 
xceHHoro HanpsxceHHfl npn6AH3HTeAbHo Ha 90°. 



Ecah yqecTb eme HaAHqne ocTaToqHoro iioto- 
Ka $oem, to 3 HaH 6 HHe pe3yjibTHpyiomero noTOKa $ 
no OTaeAbHbíM ero cocTaBJíaiomHM Sioxcho nojíy- 



HHTb rpa<J>HqecKH, KaK 
noKa3aHo Ha cjmr. IX,21. 

MaKCHMaAbHoe 3Haae- 
Hne noTOKa 3w MoaceT 
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$nr. IX, 21. H3MeHeHBe MarHHTHoro noTOKa bo 4>ur. IX, 22. KpHBaa ĎpocKa toks HaMarHmwBaHHH npn BKAioqemiB 
BpeiiertH npn BKaio^enHH TpaHc^opMatopa. Tpanc<|>opMaTopa. 


ripn BHe3anHOM noBbinieHHH HanpaaceHHa nocne 
OTKAKtqeHHfl CKB03H0r0 KOpOTKOTO 3aMMKaHHa HJ 1 H 
BKAJoqeHHH TpaHc4>opMaTopa b paĎOTy HaMarHH- 
MHBaiomHH TOK M02K6T IipHHHMaTb 60AbIUH'e 3Ha- 

qeHHa h hm b t3khx onyqaax He;ib 3 H npeHeOpe- 
raTb. Oco6o ĎOAbuiHX 3HaqeHHň HaMarHHqHBaio- 
mnfl tok MoaceT AOCTHraTb npn BKAioqeHHH TpaHC- 
<J)opMaTopa Ha xoaoctoS xoa. B momcht bkaio- 
qeHHH ópocoK TOKa HaMarHHqRBaHHa MoxceT b 
H eCKOAbKO pa3 npeBbímaTb HOMHHa./IbHblň TOK 
TpaHc4>opMaTopa, Aocmraa b HeKOTopbix cjiy- 
qax 1000—1200% HOMHHajibHoro TOKa TpaHC- 
4>opMaTOpa npoTHB npnMepHO 5% npH HOMHHaAb- 
hoh pafíoTe. 

Hančo^ee ÓAaronpHHTHbíM ycAOBneM BKAioqe- 
HHH OflH04>a3HOrO TpaHC(J)QpMaTOpa c TOHKH 3pe- 
HHH MHHHMaAbHOrO B03paCT3HHH HaMarHHqHBaio- 

mero TOKa MoaceT 6uTb TOAbKo tot cjiyqaft, 
Kor^a npn OTcyTCTBHH ocTaToqHoro MarHHTHoro 
noTOKa BKAioqeHHe npoHexoAHT b momcht npo- 
xojKAeHHa CHHycoHAbi HanpaxceHHH qepe3 m3kch- 
MaAbHoe 3naqeHHe. B stom cayqae MarHHTHbiň no- 
tok (npeHeóperaa aKTHBHHM na^eHneM Hanpa- 
xceHHa b TpaHC^opMaTope), a BMecTe c hhm h 
tok cpa3y noAyqaioT cboh ycTaHOBHBuiHeca 3Ha- 
qeHHH. 

Ecah BKJiioqeHHe nponcxoAHT b KaKoň-Jiaóo 
Apyrofi MOMeHT, oho Bceraa conpoBoacAaeTca 


npeBOcxouHTb ABOňHoe 3HaqeHHe aMn^HTy^H no¬ 
TOKa npn HopMajibHOM pe*HMe. TaKoe B03pacTa- 
hhb noTOKa BAeqeT 3a co6oft ópocoK TOKa eme 
óo^biueň Be.KHqHHbi.JleM 6o^ee SyaeT HacwmeH 
TpaHC$opMaTop, TeM óojibmnfi HaqajibHbiň čpocoK 
MOHteT HMeTb HaMarHHqHBaiomHň tok npn bkxio- 
qeHHH TpaHc^opMaTopa. KpHBaa stoto TOKa 
npeACTaBAeHa Ha $Hr. IX,22. 

riepBaa aMnAHTyaa HaMarHHqHBaiomero TOKa 

MOHCeT ÓMTb B HeCKOJIbKO pa3 ÓOAbme TOKa HO- 
MHHaAbHoň Harpy3KH, a cjieAOBaTejibHO., h Tona 
TporaHHH pe^e AH<t»epeHUHaAbHOň 3am.HTbi. 

BbiCTpoueňcTByiomaa AH^epeHunaAbHaa 3amH- 
Ta B T3KHX yCAOBHHX MTHOBeHHO OTKAIOqaAa <5 h 
T paHC(J)opMaTop. ripeAOTBpameHHe HenpaBH^bHoro 
AeftCTBHH AH^epeHKHa^bHOň 3amHTbI OT ÓpOCKOB 
HaMarHHqHBaiomero TOKa ocymecTB^aeTca BBexe- 
HneM b cxeMy pa3AHqHux AonoAHHTejibHbix 6^o- 
KHpyromnx ycTpoňcTB; 9th yCTpoňCTBa Aoa«Hbi, 
OAH3KO, He 3arpy6jiHTb jiH^epeHUHaabHoft 3amn- 
th h He AonycKaTb qpe3MepHoro 3aMeweHHH ee 
AeftcTBHH npn noBpeacaeHHHx b TpaHc<J)opMaTope. 

Heo6xoAHMO, OAHaKo, OTMeTHTb, qTO b no- 
cjieaHee BpeMH, b cbh3h c HeKOTopbiMH TpyAHO- 
CTHMH OCymeCTBAeHHH npOCTUX H HaAe>KHHX 
OAOKHpOBOK OT TOAHKOB HaMarHHqHBaiomero TOKa, 
He TpeóyiomHX 3aMeAAeHHH AeflcTBHH 3amHTbi, 
HHorAa npHMeHHiOT w AH4>epeHUHaAbHbie tokobuc 
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OTceMKH" — 3amHTbi MrHOBemioro aeňcTBHH c i p . m , 
OTCTpoeHHbíM ot yKa3aHHbix toaukob TOKa HaMar- 
HHMHBaHHH ( i p . m ^ 150-*-300% I H.OM ). ripHM6H6HH6 
T3KHX rpyóbix 3amHT AonycmMo ,zyia TpaHci^op- 
siaTopoB, HMeiomHx ot BHyTpeHHHx noBpeacAeHHft 
cneuHa^bHyio ra30Byio 3am,HTy h pafioTaiomHX b 
cHCTeMax, TpečyromHX SbiCTporo OTKAioqeHHa 
KOpOTKHX 3aMbIKaHHň Ha HX BTyAK3X. 

BecbMa npocTbiM aBAaeTca cnocoč 6 aokhpob- 
kh, npn kotopom k MTHOBeHHOAeňcTByiomeMy 
flH(J>epeHUHa^bHOMy TOKOBOMy pe^.e AOĎaBAaeTca 
peae BpeMeHH, aeňcTByiomee c HeKOTopoň bh- 
AepxcKoň BpeMeHH £=0,5 — 0,8 cen. IX, 23). 


ko Ha BpeMH BKJnoneHHH TpaHC<J>opMaTopa h no- 
BbímeHHH HanpHHceHHH Ha HeM noaie OTKAioqeHHS 

CKB03HHX KOpOTKHX 3aMbIKaHHŘ. 

npaKTHHecKoe BbinoAHeHHe t3khx ycTpoftCTB 
33TpyAHHTejIbHO H OHH IIOAyaaiOTCa HeAOCTaTOHHO' 
HO^HOUeHHUMH. 

Ha <Jmr. IX, 24 npeacTaBJíeHa b BHne npHMepa npHHUH- 
nHaabHaa cxeMa ójiOKHpyiomero yCTpoftcTBa, BbinycKaBine- 
rocfl X3M3 bmcctc c komiijibktom peae KP-121 (sce 3amHT- 
HOe yCTpoňcTBO BCTpoeHO b ojihh oóiuhh KOJKyx). 

BaoKHpoBKa ocymecTBjmeTcacnoMombio aaeKTpoMarHHT- 
Horo ĎucTpofleficrByiomero peae HanpaateHHn (raná 3H-60^ 

- *f* 



4>Hr. IX, 23. npocTeftmHH cnoco6 
ÓJIOKHpOBKH JlHcjjepeHUHajlbHOH 
3auiHTU ot 6pocxa to na HaMar- 
HHMHBanna nocpeacTBOM bh- 
AepacKH BpeMeHH. 


PRT: 


" 771 5 Ha omK/r. 
V I 6b/H/i. 


Jlu&epemi. 

pe/ie 


tpu/ibmp 

no/iODHJum. 

nocjiedodan? 


IX, 24. CxeMa ójiokhpobkh flH<j>epeHunajibHo# . 6— q 

3amHTM juna KP-121 X3M3 npH ópockax Qm mpaHC&opMamopa 
HaMarHHHHaaiomero Tona. ---—*•— 


HtinnfíMceHUa 


BuAepECKa BpeMeHH peryAHpyeTCH TaK, HTOĎbi 
SpocoK TOKa HaMarHHHHBaHHH ycneji 3a stot 
npOMeHCyTOK BpeMeHH CHH3HTbCH RQ 3 HaneHHH 
MeHbiuero, neM tok B03BpaTa AH<|)epeHUHaAbHoro 
pe;ie I pB . npH TaKofl ĎAOKHpOBKe yTpanHBaeTCH, 
o^HaKO, oruo m ochobhhx npeHMymecTB AH$e- 
peHUHa^íbHOŽ 3 amHTbI — ÓbICTpOTa AeňCTBHH. 

E>;ioKHpoBKa ocymecTBJíHeTCH h ApyntM, 6o^ee 
yAOĎHbíM cnocoóoM, npH kotopom TOKOBoe pejie 
MrHOBeHHoro Aeft ctbhh h pe^ie BpeMeHH 3aMe- 

H5HOTCH HH^yKUHOHHblM TOKOBHM peAe C 3aBHCH- 
Moň ot TOKa Bu^epxcKofl BpeMeHH (HanpHMep, 
THna HT-156 X3M3). B MOMeHT BKjnoqeHHH tokh 
HaMarHHHHBaHHH xoth h MoryT npHBecTH pejie b 
AeňcTBHe, ho Bc;ieACTBHe óucTporo hx 3aTyxa- 
hhh pe;ie He ycňeeT 3aMKHyTb cBOHX^KOHTaKTOB. 

npn noBpexcAeHHHx b 3 amHmaeMO& 30He pe^e 
AeňCTByeT c BbmepECKoft BpeMeHH, 3 aBHCHMoň ot 

Be^IHHHHbl TOKa B MeCTe KOpOTKOrO 3aMUKaHHH. 
3 tot BapnaHT ďaokhpobkh npHHunnHaAbHO HMeeT, 
OAHaKO, npexcHHft HeAOCTaTOK. JX a^ce npn BHyT¬ 
peHHHx 3aMbIKaHHHX C TOKOM 3HaHHTe«7IbHOH KpBT- 
HOCTH BpeMH AefiCTBHH 3 amHtbI (BblAepXCKa Bpe¬ 
MeHH b He3aBHCHMOň qacTH xapaKTepncTHKH Aen- 

ctbhh pejie) óy^eT nopn^Ka 0,2—0,3 cex. h npo- 

uecc JIHKBHAaiJHH aBapHH HeCKOAbKO 3aMeA^IHTCH. 
B CHCTeMax, paóoTaiomHX 6 jih3KO k npeAejiy 
yCTOftHHBOCTH, paCCMOTpeHHblft CnOCOĎ B CBH3H 
C 3THM MOHCeT OKa3aTbCH HeyAOBAeTBOpHTeAbHMM. 

B HeKOTOpMX ĎAOKHpyiOmHX yCTpOflCTBaX AO- 
noAHHTeAbHan BMAepacKa BpeMeHH bboahtch TOAb- 
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h peJie BpeMeHH (THna 3B-184) c oahhm HopMajibHO aaMK- 

HyTblM MTHOBeHHO pa 3 MbIKai 01 H,HMCH KOHT3KTOM (1-2) H BTO- 
pblM K0HT3KT0M (3~4), 3 aMWKaK)IUHMCH C BblAepXCKOH BpeMeHH, 

peryjiHpyeMOH b npeAejiax ot 0,25 a o 4 cen. Peae HanpH- 
HCeHHH TaKMCe HMeeT ABa KOHTaKTa, OAHH H3 KOTOpbIX (5*6) 
npH HopMajibHofi paóoTe, TpaHC^opMaTopa 3 aMKHyT t a Apy- 
roíl ( 7-8) pa30MKHyT. 

hojioHceHHe KomaKTOB peae Ha 4> Hr * IX, 24 cooTBeTd- 
ByeT ycaoBHio, xorAa TpaHC^opMaTop eme He npHKjnoqeH k 
ceTH h HanpnxceHHe Ha peae HanpnxceHHa He noAaeTCH. B 
9tom CJiynae koht3kt 5-6 peae HanpnxceHHH pa30MKHyT, a 
KOHT3KT 7-8 3aMKHyT. 

npH pa3JiHHHMX 9 KcnjioaTauHOHHbix peacHMax paooTbi 
TpaHC^opMaTOpa 6/iOKHpoBKa iipoh3boaht caeAyiomee aoh- 
CTBHe. 

BKJHoneHHe TpaHc4)opMaTopa Ha xojiociyio paooiy. 

npn HajiHHHH sHaHHTejibHoro TOJiqxa HaMarHHHHBaiomero 

Tona AHťJjepeHunaAbHoe peae 33MKHeT cboh KOHTaKTu. Ho 
eme ao aToro peae HanpnxceHHH pa30MKHeT cboh/ koht3k- 
tm 7-8 • rioaTOMy HMnyabC Ha OTKaioneHne TpaHC<J>opMaTopa 
He 6yAeT noaaH. 

ÍIpH 3aMWKaHHH KOHTaKTOB AH^epeHUHaabHoro peae oo- 
MOTKa peae BpeMeHH Taxíce oKanceTca noa HanpnxíeHHeM, ho 
KOHTaKTM peae 3-4 3 aMKHyTCH c BMAepacKoň BpeMeHH. Taic 
KaK BMAepxcKa BpeMeHH Aaa Ka>KAoro TpaHC$opMaTOpa 
yciaHaBaHBaeTCH óoabuie, qeM BpeMH, HeoóxoAHMoe Aan 
CHHxceHHH HaMarHHHHBaioiAero TOKa ao BeaHMHHbí, MeHbuieH 
TOKa B03BpaTa An^epeHUHaabHoro peae, to KOHTaKTM peae 
BpeMeHH 3 aMKHyTCH nocae toto, Kax pasoMKHyTCH KOHTaicTbi 
AH(J>epeHAHaabHoro peae. 

BKJiioqeHHe TpaHc4)opMaTopa Ha KopoTKoe 3aMbiKa- 
HHe b 30He 3am,HTbi npH HaanqHH 3 HaHHTeabHoro iiohh- 
HceHHH HanpfliKeHHH. Tax xax KOHraKTbi peae HanpHnceHHH 
7-8 b 3tom cayqae ocTaioTCH 3 aMKHyTbiMH, to oTKaioqeHHe 
TpaHC4)OpMaTOpa npOH30HAeT MTHOBeHHO npH AeHCTBHH 
AH$epeHunaabhoro peae. 

BxaioHeHHe TpaHC(J)opMaTopa Ha KopoTKoe 3aMMKa- 
HHe b 3am,HiuaeMoň 30He npH HaaHHHH Maaoro noHHHie- 



mhh HanpH>KeHHH. B 3tom cayqae KOHTaKTbi 7-8 peae 
HanpaxceHHH pa30MKHyTca. Peae BpeMeHH 33MKHeT cboh koh- 
T 3 KTbI 3-4 C BblflepiKKOH BpeMeHH. OTKaiOqeHHe TpaHC(J)Op- 
MaTona npoHSOHiieT c BMjrepHCKOH BpeMeHH peae BpeMeHH. 

TpaHC^JopMaTop paóoTaeT. 3aMbiKaHHe b 3amHiu,ae- 
Moň 30 He c MaJibíM noHHHíeiiHeM HanpsnKeHHsi. KoHTaKTM 
peae Hanpa>xeHHH 5-6 ocTaioTca 3aMKHyTHMH. Taxxce 3aM- 
KHyTbi h KOHTaKTM 3-4 peae BpeMeHH. OTKaioqeHHe nponc- 

XOflHT MrHOBeHHO. 

TaKHM o6pa30M 3amHTa paóoiaeT oe3 BbiaepacxH Bpe¬ 
MeHH bo Bcex cayqaax 3a HCxaioqeHHeM noBpeHcaeHHH TpaHC- 
^opMaTopa npH BxaioqeHHH, conpoBOHcnaxjmeMCfl He3HaqH- 
TeabHbíM noHHHceHHeM HanpjnxeHHji. * 

BoccTaHOBJíeHHe HanpH>xeHHn nocae oTKJiioqeHHsi 
CKB 03 H 0 r 0 KOpOTKOrO 3aMbIKaHH5I. npH KOpOTKOM 3aMbI- 

K 3 HHH BcaeacTBne noHHMceHHH HanpHHceHHH peae HanpHHceHHH 
33 MKHeT KOHTaKTbi 7-8 h pa30MKHeT KOHTaKTbi 5-6. Peae 

BpeMeHH p 330 MKHeT KOHT3KTbI 3-4 H 33MKHeT KOHTaKTM 1-2 . 
npH BOCdaHOBaeHHH HanpHHceHHH čaoKHpOBKa AeflcTByeT, 
Kax h npn BKaio^eHHH TpaHC(})opMaTopa, Ha xoaocroii xoa. 

• B HOpMaabHOM SKcnaoaiauHOHHOM peacHMe TpaHC<|)op- 
MaTopa KOHTaKTbi peae BpeMeHH 1-2 pa3Mbixax)TCH h bbo- 
aHT b uenb ero oómotkh aonoaHHTeabHoe conpoTHBaeHHe. 
BcaeacTBHe SToro o6motk 3 peae BpeMeHH 6e3onacHO Bbi- 
aepMCHBaeT aaHTeabHbiň pencHM nHTaHHH. B ueaax orpaHH- 
qeHHH HCKpeHHH Ha KOHTaKTax peae, ynpaBaniomHX neiícT- 
BneM peae BpeMeHH, napaaaeabHO oÓMOTxe nocaeflHero 
BKaiOHeH UIVHT H3 aKTHBHOTO COIipOTHBaeHHH H eMKOCTH. 

HanpnxceHHe k peae HanpjnxeHHH noflBOflHTca ot H3Me- 
pHTeabHbix TpaHc4)opMaTopoB HanpHHceHHa, yciaHOBaeHHbix 
Ha 3 amHmaeMOM TpaHC<f>opMaTope HaH Ha uiHHax noacTaH- 
hhh. B nocaeaHeM cayqae aaa oóecneaeHHa npaBHabHoro 
aeHCTBHH éaoKHpoBKH HanpsiiKeHHe Ha peae HanpaixeHHfl 
Han, hto ayqme, nocTOHHHHH tok Ha peae BpeMeHH aoaxc- 
hu nonaBaTbca nepe3 óaOK-KOHTaKTW BbixaioqaTeaeH. 

OaHHM H3 OCHOBHbIXHeAOCTaTKOB ÓaOKHpOBKH HBafleTCfl 
TpyjiHOCTb npaBHabHoro Bbióopa HanpflxceHHH TporaHHH peae 
HanpaHceHHa. C tohkh 3peHHH qyBCTBHTeabHOCTH ko bccm 
BHeuiHHM 3 aMbiKaHHHM ero xceaaTeabHo BbiónpaTb no B03- 
mohchocth óoabuiHM. C tohkh 3peHHH óbicrporo h HaaexcHoro 
B03BpaTa peae b HexoAHoe noao>xeHHe (nocae OTxaioqeHHa 
CKB03Horo KOpoTKoro 3aMbiK3HHH), npeaoTBpamax)mero He- 
npaBHabHyio paóoiy 3amHTbi, HanpnHceHHe iporaHHH c yae- 
tom B 03 MO)KHoro 3aMeaaeHHoro BoccTaHOBaeHHa HanpfnxeHHH 
ixeaaTeabHo BbiónpaTb MeHbnwiM. OóbiaHO HanpnxceHHe Tpo- 
raHHH BWÓHpaioT, Kax h aaa nycKOBbix opraHOB MHHHMaab- 

u pa6 min 

noro HanpHHceHHH, no <J)OpMyae u p k H -k e * 

Peae HanpínxeHHH Aoa>KHo 6biTb BKaioaeHO TaKHM o6~ 
pa30M, HToóbi OHO pearHpoBaao Kax Ha noaBaeHHe paóoaero 
HanpaxceHHa Ha TpaHc<f>opMaTope, Tax h Ha Bce bhah BHern- 
HHX KOPOTKHX 3aMHKaHHH, MorymHx nocae OTKaiOaeHHH 
o6ycaoBHTb HeaonycŤHMbin Toaqox HaMarHHHHBaiomero Toxa 
b 3 amwmaeMOM TpaHc<})opMaiope. BxaioqeHHfl oAHoro Hop~ 
MaabHoro peae HanpjnxeHHH Ha <j)a3Hoe Han aHHeHHoe Ha- 
npjnxeHHe aaa 3Toro HeaocTaToqHO. 

Mto6m oxBaTbiBaTb xax Me>xay$á3Hbie 3 aMuxaHHH, Tax h 
3 aMbixaHHH Ha seMax) (b cHCTeMax c Harayxo 3 a 3 eMaeHHHMH 
HyaeBbíMH #tohk3mh), HejaocTaTOHHO Taxíce Tpex peae HanpH- 
>xeHHH, BxaxjHeHHbix Ha aHHeHHHe nan (J>a3Hbie HanpaHceHHH. 
McnoabsoBaHHe xce aan 3to3 uean, HanpHMep, 6 peae Ha- 
npHHceHHH, 0HeBH,nH0, HOxeaaTeabHO. FIosTOMy npHMeHHioT 
nan cneunaabHbie peae HanpHnceHHH naH cneuHaabHbie cxe- 

MW HX BKaiOHeHHH. 

npnroaHbíMH h Ba shot ca cneunaabHbie peae HanpnxceHHa, 
pearHpyiomHe Ha naomaab TpeyroabHHxa aHHeHHbix Hanpa- 
>xeHHH (ra. IV, § 17) aaH Bxax)qeHHe npocTbix peae Ha 
(JjnabTp HanpaaceHHH noaoJKHTeabHon nocaeaoBaTeabHOCTH, 
yMeHbinaiomHXCH npn aioóux Bnaax xopoTKoro 3aMbixaHHH. 

B KP-121 BbiópaH BTopon cnocoó. ÍIpH stom aeftcTBHe 
óaoxHpoBKH npH BOCCTaHOBaeHHH HanpnxceHH h nocae OT- 

KaiOHeHHH CKB03HWX KOpOTKHX SaMUKaHHH HeCHMMCTpHHHOrO 
THna sxcnaoaTauHOHHO eme HeaocTSTOHHO npoBepeno. PlMea- 
ch paa cayqaeB KenpaBHabHoro cpaóaTbiBaHHH 3amHT nocae 


OTxaioqeHHH BHeuiHHX noBpencaeHHft, oóycaoBaeHHbiň, oqe 
BHaHo, HenpaBnabHbíM aencTBneM peae HanpínxeHHH, Bxaio 
qeHHoro Ha (|)HabTp. Um ycTpaHeHHH SToro moh<ho Bocnoab 
3osaTbCH caeayiomHM, npaBaa, He BnoaHe coBepiueHHbíM 
MeponpHHTHeM: H3 cxeMbi ycTpaHneTca uenb, oóecneqHBaio- 
man 33MKHyToe noaoxceHHe koht3Ktob peae BpeMeHH npn 
HOpMaabHOH paóoTe h HeóoabuiHX noHHHceHHHX HanpaaceHHíi; 
b TaxoM BHae cxeMa Bceraa paóoTaeT c BuaepHcxoH BpeMeHH 
IipH HeÓOabUIHX nOHHHCeHHHX HanpHxceHHH. 

lloaTOMy b HacTOHiu.ee BpeMH oďhhho hayt, 
Korua 3to bo3mohcho, Ha npHMeHeHHe Hančo/iee 
npocToň cxeMM c peue c 33BHCHM0ň xapaKTepH- 
CTHKOfi BblUepXCKH BpeMeHH. 

Jle^iaioTCH TaKHce nonbiTKH Hcno^b30BaHHH upy- 
THX npHHUHnOB U-ÍIH OTCTpOŮKH 3aiUHTbI OT TOflH- 
K0B°T0K3 HaMaTHHHHBaHHH. OUHHM H3 HHX HBaHeTCH 

Hcno^b 30 BaHHe pe^ie c TopMoacenneM ot bmcuihx 
rapMOHHnecKHx, HMeiomnx oneHb ĎojibuiHe 3Ha- 
neHHH b nepexouHwx 3HaneHHHx tokob Heóa^aHca 
(4>nr. IX, 22), upyí"HM — nHTaHHe paSoneft oďmotkh 
pe^e uepe3 eucTpoHacbímaiomHflcH npoMe>KyTOH- 
Hblfl TpaHC<í)OpMaTOp TOKa. OUHaKO 9(J)<I»eKTHB- 
HOCTb 3THX CnOCOĎOB 9KCnepHMeHTa^bH0 H B 

yc^OBHHX 9KcnjioaTauHH eme HeuocTaTOHHO npo- 
BepeHa. 


14. CnOCOEbl nOBblUIEHHÍI qyBCTBHTEJlbHOCTH 
U,H<l>EPEHU.HAJlbHblX TOKOBblX 3AIU.HT 
TPAHC4>0PMAT0P0B 

HanóoAee pacnpocTpaHeHHbie cnocoóbi noBbi- 
UieHHH UyBCTBHTeAbHOCTH UH(|)epeHUHaAbHbIX 3a- 
hxht 6hah paccMOTpeHU Burne (rvi. V, §§ 8—12). 
3th cnoco6bi npHHunnHa^bHO MoryT 6biTb hc- 
II0JIb30BaHbI H UAH UH(|»epeHUHaAbHOft aaiUHTbl 
TpaHC4>0pMaT0p0B. 

B HacTOHuieň r^aBe paccMaTpHBaioTCH CAeuyio- 
mne cnocofiu BunojiHeHHH cneuua^bHbix AHijje- 

peHUHaAbHux 3amHT TpaHC^opMaTopOB: 

1) 3awHTa npn noMomu pe^ie c topmo3hhmh 
o6motk3mh; 

2) 3 auiHTa c npHMeHeHHeM ó^oKnpyiomHx pejie; 

3) 3amHTa c pe^e THna TpancJieň; 

4) 3 amHTa c pe^e, HMeiomHMH TopMoaceHHe 

OT BMCUIHX rapMOHHHeCKHX. 

15. flHOEPEHUHAJlbHAfl TOKOBAH 3AIU.HTA 
TPAHC4»OPMATOPOB TIPH nOMOUl,H PEJ1E C 
TOPM03HbIMH OBMOTKAMH 

3aiUHTbI UByXOĎMOTOHHMX TpaHC(|)OpMaTO- 
POB MOryT <$HTb HCn0Ab30B3HH pe^e C OAHOň 
HJIH UByMH T0pM03HbIMH OČMOTKaMH. BapH3HT 
cxeMM c pe^e, hmcioiuhm UBe TopM03Hue oómotkh, 
uaH Ha <J)Hr. IX, 25. 

X9M3 b HacToamee BpeMH BunyciíaeT ahh 
3auiHT TpaHC^opMaTopoB pene c ubymh topmo3- 
hmmh o6motk3mh THna HT-156 (4>nr. IX, 26). 
Pe^e nocTpoeHo Ha HHuyKUHOHHOM npHHunne c 

AByMH CHCTeM3MH, HMeiOIUHMH K0p0TK033MKHyTbie 
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<í>Hr. IX, 25. npHHUHiiHa;ibHaa 
cxeMa BKaioHenHH peae c 
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4>hi\ IX, 27. TopM03Haa xapaKTepHCTHKa 
peae MT-156 X3M3. 


cetf\ 


<J>Hr. IX,26. C^eMa peae MT-156 X3M3 


1 — paóo^ajr cncieMa; 2 —- TopM03Hafl CHCTeMa; 3 — KopoTK03aMKHyTbie bhtkh; 4 — ajnoMHHHeBbiň 
hhck; 5—-3y64aTaH nepeflana KOHTaKTOB; <5 — noABHiKHoň KOHTaKTHbiň ahck; 7 — HenoflBHHCHbie 
K 0 HT 3 KTWj 8 — npoTHBOAeňCTByiomaíi npyMCHHa; 9 — ycTpoňcTBO ajiíi peryanpoBKH Tosa TporaHH«> 
10 — ycTpoíicTBo jma peryjmpoBKH BpeMeHH AeflcTBHH; i/ — orpaHHHHTejib xoaa flHCKa; 

12 — nOCTOUHHblH MarHHT. 


bhtkh. Paóoaaa CHCTGMa, Ha KOTopoň noMemeHa 
paóoaaa oómotk3 pe^ie, co3AaeT BpamaiomHH 
MOMeHT b CTOpoHy 3aMtiKaHHH KOHTaKTOB pejie. 
TopM03Haa CHCTeMa, Ha KOTopoň noMemeHH ABe 
T0pM03Hbie OÓMOTKH, KaK H npyHCHHa, C03^aeT 

MOMeHT, AeňcTByiomHft b npoTHBonoAoacHyio cto- 
poHy. Hhcao bhtkob paóoaefi oómotkh BuópaHO 
6o.ibnie HHCJia bhtkob topmo3hmx oómotok, h 

K,03(bHUHeHT. TOpMOHCeHHH k mopu — ™~° pM paBeH 

w pa6 

npHMepHO 0,4. HanaJibHHň tok TporaHHařp. m ( 0 )=2A; 
3Ta Be^HHHHa MoaceT HecKOAbKo H3MeHHTbca no- 

BOpOTOM KOpOTK033MKHyTblX BHTKOB. XapaKTepH¬ 
CTHKa pejie i p . m —f(imo P M ) npHBeaeHa Ha (})Hr. IX, 27. 
riOTpeÓJieHHe MOIH.HOCTH npH HOMHHaAbHOM TO- 

Ke 5 A cocTaBJíaeT aah paóoaefi oómotkh— 5 VA, 
a AM I<a>KAOH T0pMO3HOň — 1 VA. 

JX/IH CTCTPOřiKH OT ÓpOCKOB TOKa H3MarHH- 
HHBaHHH npn BKAioMeHHH TpaHC(|)opMaTopa HOA 
HanpaíKeHHe hah noc^ie OTKAioneana BHemHHX 
KOpOTKHX 3aMbIKaHHH pejie HMeeT 33BHCHMyiO OT 
TOKa BbiAepaiKy BpeMeHH (<J)Hr. IX, 28). 

Kax noKa3biBaeT, oahhko, onbiT sKcnAoaTauHH, 
3Ta BbiAepxcKa BpeMeHH b HeKOTopux CAyaaax 
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<ř>nr. IX,28. XapaKTepHCTHKa Bpe¬ 
MeHH fleňcTBHH peae MT-156 X3M3. 


OKa3HBaeTca HeAOCTaTOHHOň b qacTHOCTH H3-3a 
óoAbmoro HHepuHOHHoro Bbióera pe^e. 

npH H3AHHHH y AHíjiepeHAHaAbHOrO peAe OA* 
HOfi T0pM03H0ň OÓMOTKH nOCACAHIOIO CAGAyeT 
npHCOeAHHHTb IC TpaHC4>OpMaTOpaM TOKa 3aiH,HTbI, 
ycTaHO^AeHHHM Ha CTopoHe, He HMeiomeň hctoh- 
HHKOB iilHTaHHH HAH HMeiOffleft MeHbUiyK) MOIAHOCTb 
nHTaHHa. B 9tom aiynae npn noBpeacAeHHax 
BHyTpn 3auiHuxaeMoň 30Hbi 3amHTa HMeeT MaKCH- 
MaJIbHyiO HyBCTBňTeAbHOCTb, TaK KaK T0pr>103H0e 
AeftCTBlHe OTCyTCTBJ^eT HAH HMeeT MHHHMaAbHyiO 
BejiHHHKy. JXjiíi oóecneMeHHa ceAeKTHBHOcm npn 
ckbo3hwx kopotkhx 3aMbiK3HHax pa3.\íemeHHe 
T0pM03HblX OÓMOTOK áHa«ÍeHHH, OHeBHAHO, Ii6 
HMeeT. 

npH HaAHMHH y peAe T0pM03HbIX OÓMOTOK 

nocAeAHHe oómhho npeACTaBAaioT KaK óbi aacTH 
oaho8 oómotkh, noMemeHHoň Ha oómeM aiarHH- 
TonpoBOAe (cm., HanpHMep, pe^e HT-155). OÓhhho 




OHH npHCOeflHHHIOTCfl (<|)Hr. IX, 25) COOTBeTCTBeH- 
bo k TpaHc4»opMaTopaM TOKa o6enx ctopoh 3a- 
mnmaeMoro TpaHCífropMaTopa. B stom cjiyqae npa 
BHyTpeHHHX noBpeacAeHHHX, conpOBOxcflaiomHxca 
TOK3MH, HanpaB^eHHbíMH k Meery noBpeacAeHHa 
C AByX CTOpOH, T0pM03H0e AeftCTBHe MOMteT 
ČbITb H6B6JIHKO, T3K KaK OHO 


BHT6JIbHOCTb Opií nOBpeJKfleHHaX B 3amHmaeM0ft 
30He npa flOCTaTOqHOM K09(j)HIÍHeHT6 TOpMOJKeHHH 

=TOii== 10; = 


= 17; w fmS = 


2 

60 
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Hbie pe^e c TpeMa hjih aByMH topmo3hhmh 06 - 
MOTKaMH. BapHaHT cxeMbi c pe;ie, hmoioiiiíhm Tpn 
T0pM03Hbie oómotkh, npHBeaeH Ha cj)Hr. IX, 29, 
rae Kanc^aH H3 Tpex T0pM03Hbix oómotok nHTaeT- 
CH OT TpaHC(j)OpMaTOpOB TOKa cooTBeTCTByiomeň 
CTOpOHbI. 

X3M3 BbinycKaeT rjm 3am«T TpaHC(J)opMaTO- 
POB pejie C TpeMJI T0pM03HbIMH OĎMOTKaMH, 
BCTpoeHKbie b Tpex(J)a3Hbiň KOMn^ieKT THna KP-121. 
CxeMa pejie juin OAHOň (})a3bi b npHHunrmajibHO?4 
BH^e npe^CTaB^eHa Ha (})Hr. IX, 30. Pe;ie no- 
CTpoeno na ajieKTpoMarHHTHOM npHHunne h HMeeT 
qeTbipe oómotkh: paóoqyio (P) h tph TopM03- 
HblX (/, II H III), H3 KOTOpbIX ABe (/ H II) pac- 
nojio>KeHbi Ha oahom cepAeqHHKe oómero Martin* 
TonpoBOjia. Hnc^o bhtkob paóoqep oómotkh 

ÓOJIbHie HHCJia BHTKOB T0pM03HHX OĎMOTOK H3 
BeJiHHHHy, oóecneHHBaiomyio AOCTaTOHHyio qyBCT- 


CxeMa 6/ioKHpOBKH BhinoJiHena b cooTBeTCTBHH c pac- 
CMOTpeHHbíM Bbiiue npHHUHnoM ($Hr. IX, 24) h ynpaBjíaeTCír 
Hepe3 pejie HanpHHceHHH, BKjnoqeHHoe Ha $HJibTp Hanpínice- 

HHH IIOJIOHCHTeJIbHOH IIOCJieflOBaTeJIbHOCTH. 

Oóiuee ypaBHeHHe, xapaKTepH3yiomee pa6oiy ^H^epen- 
UHajibHoro pejie c TpeMa topmo3hmmh oÓMOTxaMH, Ane H3 
KOTopbix HacaaceHM na oóiuhh cepAenHHK, b npeanoJioiKeHHH 
HAeHTHHHOCTH MHrHHTHblX COIipOTHBJíeHHH AJIfl OTAeJIbHbIX 
nOTOKOB, B COOTBeTCTBHH C § 8, TJI. V HMeeT BHA*. 


7?. tn 


-k- '- 2 


l r m (0 ) w lo6 + 'Í-II^I-II + . ( IX ' 42 i 


r«e = 


■(reoMeipH^ecKan nojiypa 3 nocTb), ^.11= 


+ w n . 

npHweiiHTejibHO KpeJie Tuna KP-!21, iiMeiomeMy w in — 

yr 

= ypaBHeHHe paooTM pejie npeacTaBiiTca b Biiae 

( ‘lil + ~4~ ‘lil )• ( IX > 43 ) 
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JXjih TpexoóMOToqHux TpaHC<})opMaTopoB^ BBeaeHO noHH- 
THe [JI. 4] 06 SKBIiBaJieHTHOM K09(j)HUHeHTe TOpMOMCeHHH 
fcmopMd' xapaKTepH3yiomeM B03paciaHne Tona TporaHHH 3a- 
JHHTfal IlOfl BO3^e0CTBHeM Tpex T0pM03HbIX OÓMOTOK, TOKU 
b KOTOpbix b oómeM cjiynae HMeioT paajiHHHyio BejiHHHHy 
« 4>a3y. npH 9tom TopM03Hoe AeftcTBHe 3amHTbi, xapaKiepH- 
syeMoe BTopbiM ^aeHOM npaBoft nacTH ypaBHeHHH (IX, 43), 



^>Hr. IX,31. 3amHTa TpexoóMOTOHHoro TpaHc<J)opMaTOpa 
nocpe^CTBOM peae, HMeiomero flBe T0pM03Hbie oómotkh. 

MoxceT 6uTb BUpaxceHO qepe3 k mopM9 h tok i K , HaHÓojib- 

ÍIIHH 113 TOKOB B OÓMOTKaX TpaHC^OpMaTOpa npH CKB03H0M 
KOpOTKOM 3aMbIKaHHH: 

k< mopM ( *1-11 + “ 4 “ *111 ) = k mopM 9 ’ *K » 44 ) 

<OTKy.ua _ 

Ko P m a = k mopM Y i^f) + 4- (4f) • ( ,X - 45 > 

.ÍIojiyHeHHoe cooTHomeHHe AaeT B03MoxcHocTb npoaHajiw- 
BHpoBaTb noBejieHHe 3amHTbi npn pa3jiHHHbix BHflax KopoT- 
Koro 33MbIKaHHH. 3T0T aHaJIH3 nOKa3HBaeT B HaCTHOCTH 
JI. 4], MTO k mopM9 npH pa3JIHHHbIX B03M0>KHbIX COOTHOUie- 
HHHX TOKOB B OĎMOTKaX TpaHC<|)OpMaTOpa npH CKB03HUX KO- 
POTKHX 33MbIKaHHHX KOJieÓJieTCH OTHOCHTeJIbHO He3Ha*IHTeJIb- 
no {k mopM9 = 0,39 + 0,45). noaTOMy c tomkh 3peHHH cejieič- 
THBHOCTH IipaKTHMeCKH HecymeCTBeHHO, K3K pacnpeflejiaiCTCH 
T0pM03Hbie o6motkh Meacay TpeMH rpynnaMH TpaHC(J)opMa- 
TopoB TOKa. Rna oóecneMeHHH ixe óojibiueři qyBCTBHTeJib- 
jhocth 3amHTbi cjieayeT TpeTbio oÓMOTKy, CHflamyio Ha ot- 
aejibHOM cep^eHHHKe, npncoe,nHHHTb k TpaHc^opMaTopaM 
Tona toh CTopoHbí TpaHC<j)opMaTOpa, rjoie tok npH BHyTpeH- 
hhx noBpexcaeHHax HMeeT HaHMeHbiuyio BejiHHHHy. 

JXm o.cymecTB^ieHHH AH<i>epeHu.Ha;ibHoft 3am,H- 
Tbl TpeXOÓMOTOHHHX TpaHC<|>opMaTopoB MoryT 
ÓHTb TaKMee HCII0JIb30BaHU pe^e C AByMH T0pM03- 

HbiMH o6motk3mh (HanpHMep, pe^ie T«na HT-156). 

B cxeMe c oahhm AHcJjepeHUHajibHbíM pe;ie Ha 
4>a3y B03M0HCH0, HanpHMep (<j)Hr. IX, 31), npnco- 

CAHHHTb OflHy H3 T0pM03HbIX OÓMOTOK K AByM 
napa^e^bHo coeňHHeHHbíM rpynnaM TpaHc<J>op- 
MaTopoB TOKa, HanpHMep, II h III ctopoh. 3to 
B no^He AonycTHMo npn HaAHHHH OAHOCTopoHHero 
nHTaHHH. Toraa BTopaa TopM03Haa o6motk 3 npn- 
coeAHHaeTca k TpaHC(j)opMaTopaM Tona nHTaio- 
mefl ctopohh /, h npn Aioóbix ckbo3hhx KopoT- 
KHX 33MblKaHHHX 3aiIl,HTa paÓOTaeT C nOCTOHHHHM 
KOS^HHHeHTOM TOpMOHCeHHH kmopM• 

HHbie coOTHomeHHH nojiynaioTca npn h3jihhhh 
nHTaHHH c flByx hah Tpex CTopoH TpaHC(|)OpMa- 
Topa. Tax, HanpHMep, npH kopotkom 3aMbiKaHHH 
Ha CTOpOHe II H HajIHHHH nHTaHHH TOAbKO CO 
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CTopoHbí III AH^epeHUHaAbHbie pe^ie npaK- 

THnecKH paSoTaTb xaK npocTbie MaKCHMaAbHbie 
pe^e TOKa, 6e3 TopMoaceHHa, c HaaajibHHM tokom 
TpOraHHH ip.mid). IlpH H3AHHHH nHTaHHH T3KHCe H 
co; CTopoHbí / noHBAaeTca TopMoaceHHe, xapaK- 
TepH3yeMoe, oah3ko, yMeHbmeHHbíM Kos^HuneH- 
TOM TOpMOJKeHHH. 

i w 



<pHr. IX,32. CxeMa coenHiieHHa oďmotok xbjtx peae c flBy- 

M8 T0pM03HMMH OĎMOTKaMH npH 3aiUMTe HMH TpeXOĎMOTOI- 
Horo TpancijjopMaTopa. 


Ero BeanaHHa, oTHeceHHaa k HaHÓoabuieMy H3 tokob l K 
b oĎMOTKax TpanctjjopMaTopa, onpefleaaeica coraacHO (IX, 44) 
cJie^yiomHM o6pa30M: 

/ i + í u , — i, Y 

k mo P M a- l l = k mo P M (“ F ~) ’ 

OTKy^a 


kmopM 9 - kmopM* ’ 


"mopM \ 2 

' ^ii + í iii — h 
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(IX, 47) 


Tax, HanpHMep, npn HaaniHH KopoTKoro 3aMUK3HHfl Ha 
CTopoHe H (i u =si K = —l l — i m ) 


kmopM 3 - k m0 pM l _|_ / nI * 


Ko3(finu.HeHT k mopM 3 yMenbiuaeTCíi c yMeHbineHHeM TOKa 
íj Ha CTopoHe, HMeioiueft oTaeabHyio TopMp3Hyio oóMOTKy. 
OTCio«a caexyeT, hto fljia noayieHHH 6oabuiefl BeaHiH- 
n bf k mopMa OTieabHyio TopM03Hyio oďmotkv caeayeT npn- 
coeflHHHTb k TpanccjiopMaTopaM TOKa co CTopoHbí raaBHoro 
nHTaHHfl. 


npH H3AHHHH nHTaHHH C AByX CTOpOH C peAe 

HT-156 b SojibniHHCTBe c^ynaeB oKa3biBaioTCa 
6oAee ueAecoo6pa3HbiMH cxeMM, b kotopmx Kaac- 

Ayio H3 T0pM03HbIX OÓMOTOK npHCOeAHHHKJT K 
TpaHCýopMaTOpy TOKa TOAbKO OAHOň CTOpOHbl 
TpexoÓMOTOHHOro TpaHC(J)opMaTopa, a TpaHc- 
(|)opMaTop TOKa TpeTbeň (nHTarouxefi) ctopohh 
npHKAronaioT k 3aacHMy paóoaeň oómotkh pe^e. 

Ha OCHOB3HHH H3AOHCeHHOTO TpeXOÓMOTOHHHe 
TpaHC(|)OpMaTOpH C AByX- HAH TpeXCTOpOHHHM nH- 
T3HHeM MOHCHO 3aniHHiaTb OAHHM AH(J)epeHHHaAb- 
HHM pejie C A,ByMH T0PM03HHMH OÓMOTKaMH 

TOAbKO b tom c/iyaae, ecAH nnTaHHe c oAHOň 









CTOpOHBI AOCTaTO^HO Be^IHKO no CpaBHeHHIO c 
nHTaHHeM c Apyroň CTOpOHbí h;ih c AByx Apyrnx 
CTOpOH. 

fljIH TpeXOÓMOTOqHHX TpaHC(})OpMaTOpOB C MHOrOCTOpOH- 
hhm nHTaHHeM MoryT óbiTb TaKHce Hcnojib30BaHH cxeMu c 
AByMH AH(})epeHUHajibHbiMH peae Ha 4>a3y (4>nr. IX, 32), HMeio- 

IUHMH no flBe T0PM03HHX OÓMOTKH. ; fleHCTBHe TaKOH CXeMbl 
bo3moxcho ToabKo npH paóoTe oóohx flH^epeHnnajibHbix 
peae, paóoqne oómotkh h KOHTaKTH KOTopwx coeAHHeHbí 
nocjie^oBaTejibHO. riosTOMy 3a SKBHBajieHTHbiH Kos^HuneHT 
TOpMOXCeHHH CXeMbl B UeJIOM npHHHMaeTCH k mopM9 Toro 
peae, KOTOpoe oóecneqHBaeT óojibinyio BeanqHHy TopMoxce- 
hhh. Ecjih npn 9tom b cjiyqae CKB03Horo KopoTKoro 3aMH- 
k 3 hhh BTOpoe peae h cpaóoTaeT HenpaBnabHo, HeceaeKTHB- 
Horo A6HCTBHH 3aiUHTbl B UeaOM He np0H30H.neT. 

PaccMaTpHBaa noBeneHne stoh cxcmh npn pa 3 JiHqHbix 
cayqanx KopoTKoro 3 aMHKaHHH, mohcho ycTaHOBHTb [JI. 4], 
q,To k mopM9 npn npHMeHeHHH peae c AByMH topmo3hhmh 
6 ' 6 M 0 TKaMH THna MT-156 KoaeóaeTcn Bnpeaeaax 0,267—0,4. 
TaKHM o6pa30M MoxceT HMeTb MecTO 3HaqHTeabHoe cHHMte- 
HHe TopM03Horo aeňcTBHH. riosTOMy jaHHan cxeMa, npHHHMan 
bo BHHMaHne TaKHce ee caoHCHOCTb, MOMceT 6 biTb AonymeHa 
k npHMeHeHHio ToabKo b Tex cayqanx, noraa oTcyTCTByioT 
peae c TpeMH topmo3hhmh oóMOTKaMH h HMeeTcn SKBHBa- 
aeHTHOe nHT3HHe C HeCKOabKHX CTOpOH, 

OueHHBaa paccMOTpeHHbie BapnaHTbi AHcjjepeH- 
una^bHbix 3amHT TpaHC(J>opMaTOpoB, BbinojiHen- 

Hue npHMeHHTejibHO k oĎopyaoBaHHio X3M3, 

mohcho c^eJiaTb cjie^ylomné oómne bhboah: 

1) RAB AByXOÓMOTOtiHHX TpaHC(|)OpMaTOpOB, 

xax npaBH^o, AOJDKHa npnMeHHTbcn 3amHTa c 
óoAee npocTMMH pejie no THny HT-I56, He HMeio- 
iuhmh cneuHajibHMX ójiokhpobok ot ÓpOCKOB Ha- 
MarHHHHBaiomero Toxa; 

2) ecjin KopoTKne Ha BbiBOAax„ TpaHC<J>opMa- 
TOpOB C % TOHKH 3peHHH yCTOft^HBOCTH CHCTCMbl B 

uejiOM AO^xcHbí OTKjnonaTbCH 6e3 BbuepxcKH npe- 
MeHH, ^onycTHMO npHMeHeHne pe/ie THna KP-121 

C HCn0JIb30BaHHeM y HerO TOJIbKO AByX T0pM03- 
Hbix oďmotok, pacnoJioxceHHMx Ha o6meM Manra- 
TonpoBOjie; oAHaxo Taxyio 3amHTy ne;iecoo6pa3HO 
cpaBHHBaTb c BapnaHTOM ncnojib30BaHHH pejie no 
™ny HT-156 c AOĎaBJíeHneM MaxcnMajibHbix to- 
kobhx 3amHT c OTcenKoft hjih c BapnaHTOM nepe- 
xo^a Ha AH^epeHimajibHyio OTcenxy hjih toxo- 
Byio OTcenxy, MrHOBeHHO OTKjnonaiomHe onacHbie 
a jih CHCTeMbi xopoTxne 3aMbixaHHH Ha BbiBOAax 
TpaHciJ)opMaTopa; 

3) AJIH TpexpÓMOTOHHblX ' TpaHC(|)OpMaTOpOB c 
OAHOCTOpOHHHM nHTaHHeM CJieAyeT B ÓOJIbUIHHCTBe 
caynaeB npHMeHHTb Taxne xce pemeHHH, xax h 
AJIH AByXOÓMOTOHHblX TpaHC(J)OpMaTOpOB; 

4) AJIH TpeXOĎMOTOHHbIX TpaHC<f)OpMaTOpOB C 
MHorocTopoHHHM nHTaHHeM HaHĎojiee nejiecooč- 
pa3HO Hcnojib30BaTb pejie c TpeMH topmo3hhmh 
OÓMOTX aMH. 

EcaH npH 9 tom TpaHc4>opMaTop HMeeT óojibine Tpex 
BbixaioqaTeaeH, npnxoAHTCH, Hčnoab3yn npHBeaeHHbie Bbiuie 
cooTHomeHHn, b ochobhom cnpaBeaanBbie h aan 9Toro cay- 
qan, BwĎHpaTb HaHBbiroíUHeHniee BKaioqeHHe Tpex T0pM03Hwx 
o6motok, oóecneqnBaiomee HanMeHbmee CHnxceHHe k mopM9 
no cpaBHeHHio c k mopM . 

PacneT AH4>epeHUHaabHbix 3aiUHT c T0pM03HbiM« 
oĎMOTKaMH. PacqeT AH^epeHunaabHbix 3amHT, ocymecTBaeH- 
hmx nocpeacTBOM peae c topmo3hmmh oóMOTKaMH, npon3BO- 

21 PeaeflHasi 3 amHia 


ahtch b ochobhom, Kax h gan oóbiqHbix AH^epeHUHaabHWx 
3amHT. 

MHHHMaabHbIH AOnyCTHMblň K094)HUHeHT TOpMOMCeHHH 
onpeAeaneTcn, hcxoah H3 toto, qTO npH óoabmnx Toxax ckbo 3- 
Horo KopoTKoro 3aMbiKaHHH i K9 i p m onpeaeaneTcn b ochob¬ 
hom T0PM03HHM TOKOM, npHMepHO paBHblM Í K \ n09T0My 

• ^HČmSLX ==? kfJlOpM • íť 
H 

kmopM — k H ^H l HÓm ax^* (IX,48) 

Tok HeóajiaHca i H ómax B npoueHTax ot TOKa4 n P H n P H ' 
MeHeHHH MaaoMOiuHbix TpaHC$opMaTopoB Toxa MOxceT 6biTb 
onpeAeaeH H3 cae^yiomero cooTHonieeHn: 

= fmm% +/««% + Ah% + a%, (IX, 49) 

r&e fmn ,% — MaKCHMaabHan oniHČKa b tokc MaaoMomHoro 
TpaHCíJjopMaTOpa Toxa, t. e. ero tok HaMarHH- 

qHB3HHH, BUpaWOHHblH B % OT Í K \ 
faní — MaKCHMajibHan oniHÓxa b Toxe AOÓaBoqHoro 
aBTOTpaHC^opMaTopa; npeAno/iaraeTcn, 6epn 
omHÓxy c naiocoM, hto oh npHCoeAHHeH x 
MaaoMomHOMy TpaHC^opMaTOpy Toxa h HMeeT 
omHÓxy oAHoro 3Haxa c nocnemnu; 

AaVo — MaxcHMa/ibHbiíi bo3Mohchi>ih npoueHT peryjinpOB- 
kh K09(f)HiiHeHTa TpaHc^opMaixHH 3amHmaeMO¬ 
TO TpaHc4>opMaTopa, npn xoTopofí He nepe- 
CTaBJIHlOTCfl OTBeTBJíeHHfl Ha aBTOTpaHC^JOpMa- 
Topě Toxa; 

— cocTaBamomaH i H $, oóycaoBaeHHan npoqHMH 

4>aKTOp3MH. 

HeoóxoAHMO OTMeTHTb, hto xasaeMbie 3 aBOAOM B 3jiex- 
TpoannapaT - 5% xpHBue ajia TpaHC(J) 0 pM\aT 0 p 0 B Toxa 
(ra. II, § 12) OTHeceHbí k BHemHefi Harpy 3 xe c TaKHM cos 9 , 
hto aaioT npHMepHO 107o 3HaqeHHH tokob HaMarHHqn- 
BaHHn; 10% xpnBbie npnMO OTHeceHbí x MaxcHMa/ibHoíi bo3- 
mohchoS norpeniHOCTH, t. e. x 10% 3HaqeHHio Toxa HaMar- 
HHqHBEHHH. ťlOBTOMy COHiaCHO yxaaaHHbiM KpHBblM, pexo- 
MeHAyeMbiM a/ih pacqeTa AH^epeHUHa/ibHbix 3amnT, npHHH- 
MaioT f mm °/o = f am % = 10%. ripHHHMan TaxHce Aw max = 5%, 
fl% = 3% h k H = l 9 3, no/iyqaeM k mopM = 1,328 = 36,4%. 

HaqaJibHbifi tok TporaHHn 3amHTbi i p m (0 y cooTBeTCT- 
ByiomHS npHMepHO Toxy TporaHHH 3amHTu npH Ma/iwx Top- 
M03Hbix Toxax, onpeAejineTCíi tokom HaMarHHqnBaHHn 3 a- 
iunmaeMoro TpaHc^opMaTopa h cooTBeTCTByiomHMH 3Haqe- 
hhhmh paccMOTpeHHbix Bbiine caaraiomHX. 


16. flH4>EPEHUHAJIbHA51 TOKOBA5I 3AIU.HTA 
TPAHCOOPMATOPOB C nPHMEHEHHEM 
EJIOKHPyiOIUHX PEJIE 

3amHTa (cm. tjt. V, § 9) moskct óbiTb ^pHMeiieHa xaK 
AJIH AB yxoó MOTOq HbIX, Tax H AJM TipeXOéMOTOqHHX TpaHC- 
(j)OpMaTOpOB. 

Ha 4>nr. IX, 33 npeACTaBJíeHa cxewa 3anmTH Tpex- 
oÓMOToqHoro TpaHC(})opMaTopa nocpeACTBOM ójroKHpyiomHx 
pejie. B AaHHOM cjiyqae HopMajibHO 3aMKHyTHe KOHTaKTH 
abvx ÓJiOKHpyKJmHX pejie, ycTaHaBJí^BaeMHx jim KaxcAOŽ 
<j)a*3hi,' coeAHHeHH nocjieAOBaTejibHo c nopMajibHo ipasoMKHy* 
TbIMH KOHTaKTaMH M 3. K ! CHM a Jlb HOTO TOK O BOTO pejie. 

npn CKB03HHX KOpOTKHX 3aMMKaHHHX HOR BJIHHHHeM Í H 6 
KOHTaKTH MaKCHMajibHoro TOKOBoro pejie Moryr 3aMKHyTbcn. 
OAIiaKO BCJieACTBHe pa3MbIKaHHH KOHT3KTOB OAHOIX> HJIH 

oóohx ójioKHpyiomHx pejie AeHCTBHn 3amHTH ne npoH30&AeT. 
npH 3aMHKaHHHX b npe^ejiax 3amHmaeMOH 30Hbi KOHTaKTH 
Bcex pejie óyayT 3aMKHyTH h 3amHTa no^eHCTByeT Ha ot- 
KJiioqeHHe TpancíJjopMaTopa. 

JI jih ^3am.HTbi AByxoÓMOToqHoro TpaHc4>opMaTopa AOCTa- 
ToqHo npHMeHHTb ne ABa, a tojihko oaho ÓJiOKHpyiomee 
pejie na KaíKAyio 4>a3y. 
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fljia npeflOTBpameHHH HenpaBiwibHoro abhctbhh 3amHTbi 
npH 6pocKax HaMarHirqirBaiomero TOKa 3am«Ta AOJiHCHa CHa6- 
JKaTbCH BU^epJKKOň BpeMeHH HJIH CneUHajIbHblMH ČJIOKHpOB- 
KaMH. 

ripn cpa-BH€HHH xapaKTepHCTHK 3amHT npH noMomu pejie 
C TOpMC3HHM'H OĎMOTKaMH H 3amHT C ÓJIOKHpyiOmHMH pejie 
óhjio ycTaHOBJíeHo (rji. V, § 11), hto c tohkh 3peHHH qyB- 

CTBKTeJIbHOCTH H CeJI&KTHBHOCTH 0'6e 3TH 3amHTH npHMepHO 
o^HHaKOBH. Ho QKcnJioaTauHOHHHM KaqecTBaM 3amma c6jto- 
KHpyiomHMH pejie Menee coBepmieuHa '(HajraqHe necKOJibKHX 
nOCJieflOBaT€JIbHO COeAHHeHHHX KOHTaKTOB, CHH}KaK>mHX Ha- 



4>nr. IX, 33. npHHUHnHajibHan cxeMa AHcjiepeHUHaJibHOH sa- 
iuhtm TpexoÓMOToqHoro TpaHc4>opMaTopa c npHMeHemieM 
6jioKHpyiomHx pejie (ajih oahoh (j>a3H). 


aextHOCTb 3amHTbi, 6ojibinee KOJiwqecTBO pejie, oco6eHHO 

npH 3amHTe TpeXOÓMOTOqHbIX TpaHCýopMaTOpOB). 

BcjieflCTBue OTMeqeHHbix He^ociaTKOB b HacTOflfuee 
BpeMH ^H(J)epeHUHajibHaíi 3a>m«Ta TpaH'cct>opMaTopoB c ójtokh- 
ipyiomHMu pejie b HOBbix ycTaHOBKax, Kax npaBHJio, ne npa- 
MeKHCTCíi, ycTynan m6cto 6ojiee coBepmeHHoň 3amHTe npa 
nOMOIUH pejie C T0pM03HbIMH OČMOTKaMH. 


17. flHOEPEHUHAJlbHA51 TOKOBAfl 3AIUHTA 
TPAHC^OPMATOPOB C PEJIE THI1A TPAHCJIEfl 

IlpHHniniHajibHa^ cxeMa ^HijjepeHUHajibHoň - 3amHTH AByx- 
oĎMOToqHoro TpaHC(j>opMaTopa c pejie THna TpaHCJieň (cm. 
r jj . V, § 10) npHBeAejía Ha (j)Hr. IX, 34. 

Pejie Tpancjieň, Kax h pejie c T0pM03HbiMH oómotkbmh, 
IHMeeT TOK TpOraHHH, 3aBHCHMbIH OT BejTHqHHH TOKa CKB03- 
Horo KOpOTKOTO 3aMbIK3HHH. O^IíaKO XapaKTepHCTHKH pejie 
TpaHCjieň HecKOJibKo MeHee coBeómeHHbí, qeM y pejie c Top- 
ÍM03HMMH OĎMOTKaMH. fljIH Tip€AOT'BpameHHH H-enpaBHJIbHOrO 
fleHCTBHH 3amnTbi np« ópocKax TOKa HaMarHHHHBaHHH pejie 
TpaHCjieň npHMeHHTeJibHO k 3amnTe TpaHcijjopMaTopoB bh- 
TiojyiHeTCH c BbiflepHíKofi BpeMeHH, 3aBHcnmeň ot TOKa. 

lípu ocymec?TBJieHHH nocpe^cTBOM pejie TpaHCJieň 3amH- 
Tbl TpeXOĎMOTOqHbIX TpaHC(j)OpMaTOpOB HeOĎXOAHMO COeflH- 
HHTb napajuiejibHO TpaHC(J)opMaTopbi TOKa AByx KaKHx-jmčo 
CTOpOH. npH 3T0M B CJiyqae CKBQ3HOrO KOpOTKOTO 3aMbIKa- 
HHH Ha OAHOH H3 3THX CTOpOH npH IIHTaHHH C Apyroň H3 
hhx npHcoeAHHeHHoe k hhm pejie TpaHCJiefi óyAeT paóoTaTb 
npH OTCyTCTBHH TOpMOJKCHHH HJIH C HeAOCTaTOqHblM TOpMO- 
>KenHeM. IIo3Toiviy 3amHTa TpaHCJieň MoraeT npHMeHHTbcn 
AJI5I TpeXOĎMOTOqHUX TpaHC(J)OpMaTOpOB TOJIbKO npH HaJIHqHH 
OAHOCTOpOHHerO HX IIHTaHHH HJIH HpH He3Ha 7 ÍHTejIbHOM HHTa- 
éhh c AByx Apyrnx CTopoH; BapajuiejibHO aoji>khh coeAH- 
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HHTbCH TpaHC(j)OpMaTOpH TO!K3 A3yX HpHeMHblX CTÓpCH 3a- 
mnmaeMoro TpaHC(J)opMaTOpa. 

3amHTa TpaHCJieft TpeOyeT ajih CBoero ocymecTBAeHHH 
6ojibinoro KOAnqecTBa <pejie, HiMeeT HecoBepmeHHbie xapaK- 
TepHCTHKH TOKa TpOraHHH, AJIH TpeXOĎMOTOqHbTX TpaHC(})Op- 
MaTopoB b pHAe cjiyqaes HenpHMeHHMa. Hhkbkhx npeHMy- 
mecTB no cpaBHeHHio c 3amHTOH npn noMomn AH(j>epeH- 
UHaAbHHX. peAe C TOpMC3HbTMH OÓMOTKaMH OHa AJIH paC- 
CMaTpHBaeMwx He HMeeT. IIosTOMy b nocAeAHee Bpe¬ 

MH OHa, KaK npaBHAO, AAH 3amHTH TpaHC(j)OpMaTOpOB He 
TIpHMeHHeTCH. 

hQ orrtK/i 



18. 3AIEIHTA C PEJIE, HMEIOIUHMH TQPMO^CEHHE 
OT BblCIUHX rAPMOHMMECKHX 

B HacTonmee BpeMH Ha npaKTHKe BCTpenaiOTCH 
cxeMbi npHcoe/mHeHHH TpaHC(J)opMaTopoB c no- 
Mombio 6ojiee neM Tpex BbiKJHonaTejieH. 

J^H(})epeHii,HajibHbie pejie 6 ojiee neM c TpeMH 
T0pM03HbIMH OĎMOTKaMH H3rOTOBJIHK)TCH peA,KO. 
noaTOMy npH Hcnojib30BaHHH juin 3 auj;HTbi tbkhx 
TpaHC(})OpMaTOpOB pejie C TpeMH TOpM03HbIMH 06 - 
MOTKaMH MOXÍHO HHOTOa nOJiyHHTb nOHIUKeHHOe. 
hjih jiame HeAonycTHMo Majioe TopMoxceHHe. B Ta- 
khx cjiynaHX MoxceT 0Ka3aTbcn uejiecoo 6 pa 3 HbiM 
Hcnojib30BaHHe pejie c TopMo^KeHneM ot BbiciiiHX 
rapMOHHnecKHX, Aaiomero A.ocTaTOHHo npocToe Bbi- 
nojiHeHHe cxeMbi 3aniHTbi (rji. V, § 12). BecbMa 
BepoHTHa TaKHce B03M0>KH0CTb npe^oTBpameHHH 
HenpaBHjibHoro ^eňcTBHH 3aui;HTbi npH • TOjiHKax 
TOKa HaMarHHHHBaHHH nOCpe/ICTBOM TOpMO^CeHHH 
pejie ero BbicniHMH rapMOHHqecKHMH cjiaraiomHMH 
(BTOpOH H TpeTbeH rapMOHHHeCKHMH), COCTaBJIHIO- 
UJ;HMH 3HaHHTejIbHyK) HaCTb TOKa HaMarHHqHBaHHH 
npH óojibniHx TOJiHKax nocjieAHero. 

HeOÓXO£HMO, O/lHaKO, OTMeTHTb, qTO (J)HpMa 
GEC, nocTaBjíHiomaH sth pejie, BbinojiHHeT hx 
TaKJKe C 4 AOIIOJIHHTeJIbHblMH HOpMajIbHblMH T0pM03- 
HblMH OÓMOTKaMH. OlCIO/ia MQ2KHO C^eJiaTb TOT 
BblBO^, HTO TOpMOXCeHHe OT BblCUIHX TapMOHHK HC- 
nojib3yeTCH b nepByio oqepe^b npe/ioTBpame- 
HHH ^eňCTBHH 3amHTbI OT TOJIHKOB Ihum- 


19. PEKOMEHflyEMblE CIlOCOBbl IIOBblllIEHHfl 
HyBCTBHTEJIbHOCTH flH4»EPEHll,HAJlbHbIX 3AIU.HT 

H3 paccMOTpeHHHX Bbíme ciiocoďob noBbiuie- 
1I1IH HyBCTBHTejIbHOCTH AHljiepeHHBajIbHblX 331UHT 
HanĎojiee coBepmeHHMMH hbjihiotch cnocočbi, ac- 
nOJlb3yK>mB6 pejie C T0pM03HHMH OĎMOTKaMB B, 
npHHUnnuajibHo, pejie c TopMoaceHaeM ot bhcihbx 
rapMOHHHeCKHX. 

ripHM eHHTe JlbHO k 3amaTaM TpaHC<í)OpMaTOpOB 
b HacToamee BpeMH npoa3BQACTBeHHO h aKcnjio- 
aTaUHOHHO OCBOeHbl TOJIbKO 3am,HTbi npa noMomu 
pejie C T 0 pM 03 HbIMH OČMOTKaMB. OhH nOSTOMy, 
xax npaBHjio, a npaMeHHiOTCH a jih ocymecTBjíeHBH 
AH^epeHuaajibHbix 3amaT TpaHc<J)opMaTopoB. lípa 

3TOM aeOÓXOAHMO OTMSTBTb, HTO Aa4>GP ei maajIb- 

Hbie 3amaTbi jnoóoro Tana ycTaHaBjíaBaioTCH b Ha- 
cToamee BpeMH BHe 3aBacaMOCTa ot flpyrax 3a- 
mBT TOJIbKO Ha TpaHC(J)OpMaTOpaX ÓOJIblHOfi Mom- 
hoctb. B Apyrax cjiyaaax a jih oóecneaeHHH 6mct- 
poro a cejieKTHBHoro OTKjnoaeHBH TpaHCípopMaTo- 
pOB CJieAyeT BblflCHHTb B03M0HÍH0CTb B UejieCOOĎ- 
p33HOCTb yCT3HOBKH TOJIbKO ra30B0ÍÍ 3aiH,HTbI H 
M3KCHM3JlbHbIX TOKOBHX 3aiUBT C OTCeHKOň. 

20. TA30BAJI 3AIU,HTA TPAHC*OPMATOPOB 

fljIH TpaHC(f)OpMaTOpOB, 3anOJIHeHHbIX MaCJIOM 
h HMeiomax KOHcepBaTop, b KaaecTBe 3amara ot 
BHyTpeHHHX noBpeacfleHafi mapoKoe pacnpoerpaHe 



4>nr. IX, 35. BHyTpeHHee ycTpoiicTBO ra30Boro peae. 

Hae nojiyqajia TaK Ha3biBaeMaa ra30Baa • 3amaTa. 
B uejioM pa^e cJiyaaeB BHyTpeHHax 3 aMHKaHaa, 
onacHbix ajih TpaHccjiopMaTopa, ho oSycjiOBjíaBaio- 
max jiHnib He3HaHHTejibHbie tokh b pejie, AH(J)e- 
peHHaajibHaa 3amaTa, a TeM čojiee m 3kchm ajibHaH 

TOKOB3H MOryT OTKa3aTb B ^eaCTBHH BBHJiy HeflO- 
CTaTOHHOH HyBCTBHTejIbHOCTH. 

ra 30 Baa 3 aiu,HTa TpaHctJiopMaTopoB b stom ot- 
KoiiieHaa HMeeT 3HaaaTejibHoe npeaMymecTBO. OHa 
pearapyeT Ha Bce Te BHyTpeHHae noBpe>KjieHHH, 
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KOTOpbie COHpOBOJK/iaiOTCH 33MeTHbIM BblAejieHHeM 
ra3a, BW3BaHHbiM tokom aepe3 MecTo npo6oa, t. e. 
npaKTHiecKH Ha Bce noBpeaíAeHHH BHyTpa Koaiy- 
xa TpaHc4>opMaTopa. 

B oTAejibHbix cjiyaaax ra30BaH 3auiaTa cno- 
coĎHa pearapoBaTb Ha caMbie He3HaHHTejibHbie no- 
BpejKAeHHH a oĎHapyjKBTb ax b HaaajibHbia mo- 
MeHT B03HBKH0BCHBH. 

CajibHoe ra3oo6pa30B3HHe MoxceT npoasoňra 
TOjibKO npa 3HaaaTejibHOM BHyTpeHHeM noBpejKae- 
hhh; b TaKOM cjiyqae HeMeAJieHHoe orajnoneHae 
TpancdiopMaTopa HBjíaeŤCH 6e3ycjioBHO neofíxoAH- 
MblM. 

He3HaqaTejibHoe ra3oo6pa30BaHae oóbmHo no- 
HBjíaeTca b pe3yjibTaTé MeHee onacHbix noBpexc- 
AeHafi. no ycjioBBHM aKcnjioaTauaa npa HeKOTO- 
pblX H3 T3KHX nOBpeJKAeHBft, a T3KJKe npa HeHOp- 
M a JlbHbIX pe>KBMaX paČOTbl, O HBX JIBIHb CHrHajIH- 
3HpyiOT, npeAOCTaBJIHH B03M0JKH0CTH OĎCJiyJKHBalO- 

meMy nepcoHajiy b cjiyaae HeočxoAHMocra npo- 
H3BOAHTb OTKJIIOaeHBe BpyHHyK). 

B KaaecTBe pearapyiomero oprana 3autHTbi 
cjiyjKHT ra30Boe pejie. 

B nocjieaHee BpeMH noAOČHbie pejie BunycKa- 
jiacb b aacTHocTH 33 Boaom X3M3 noA Ha 3 BaHaeM 

«ra30Bbie pejie raná 
nr» (nonJiaBKOBoe-ra3o- 
Boe). Pejie npeAiciaBjía- 
er 'colčoa i(4),Hr. IX, 35) 
repMeTHnecKH 3aKpuTbiň 
cocyA, HMeiomaa bxoa- 
Hoe a BbixoAHoe OTBep- 
ctbh a ycTaHaBjíHBae- 
Mbifi b paccenKy Tpyčo- 
npoBOAa, “coeAHHHiome- 
ro óaK TpaHctJiopMa- 
TOpa C KOHCepB3TOpOM. 
B pe3epByape caMoro 
pejie HMeiOTCH Aea pacnojioxteHHbix oahh HaA 

II 04>ar. IX, 36), Ha 

KaHCAOM H3 KOTOpMX 
yKpenJieHbí HopMajibHO 
pa30MKHyTbie pTyrabie' 
KOHT3KTH ($HT. IX,37). 
Pípa B03HHKH0BeHBH B 

TpaHc4>opMaTope no- 
BpeacAeHBH c He3Haqa- 
TeJibHbíM ra30o6pa30Ba- 
Hae^t ra 3 bi CKon^aioTCH 
B*BepxHefl aacTH pejie. 
JI ji a ax HaAeacHoro npo- 
xoacAeHBH aepe3 Tpyóo- 
npoBOA a nonanaHHH b 
pejie 6aa TpaHC^opMa- 
Topa ycTaHaBJíHBaeTCH 
C HeKOTOpbIM HeÓOJIb- 
IHBM H3KJIOHOM (no- 
pHAKa 2°/») no oTHOuieHHio k ropa30HTy. no Mepe 
CKonAeHHH AocTaTOiHoro KajianecTBa ra30B Macjio 
BbiTecHHeTCH, a BepxHaň nonnaBOK, onycKaacb, 3a- 
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4>wr. IX, 36. rionjiaBKH 
ra30Boro pejie. 


ApyraM nonnaBKa I a 



<í>Hr. IX,37. npHHunn jieficT- 

BHfl pTyTHWX KOHTaKTOB npH 
I13M6H6HUH nOJIOMťeHHH 
nonaaBKa. 





MbiKaeT cboh KOHTaKTbi, ACHCTByioinHe Ha CHrHaji. 
Cjiaóoe Bb^ejienne ra30B He Bbi30BeT achctbhh 
HHJKH ero nonjiaBKa, TaK KaK ra3 no 3anojraeHHH 
BepxHeň qacTH pejie 6yz*eT ĎecnpennTCTBeHHo npo- 

XO£HTb B KOHCepBaTOp. 

npHqnHoň ačhctbhh pejie Ha cnniaji MoxceT 
nocjiyxcHTb He TOjibKo noBpe^c^eHHe, ho h npo- 
HHKHOBeHHe B TpaHC(J)OpMaTOp B 03 Ayxa HJIH nOHH- 
>KeHHe ypoBHH Macjia. 

npH óypHOM ra30o6pa30BaHHH, conpoBoxcAaio- 


iij;eM cepbe3Hoe noBpexcAčHHe, Macjio H3 TpaHc- 
<J)opMaTopa BbnecHHeTCH b KOHcepBaTop h cBoeň 
dpyeň^ onpoKH^biBaeT pacnojioxceHHbiň Ha nym 
hh>khhh nonjiaBOK, AeScTByKDiHHň Ha MruoBeHHoe 
oTKjHoneHHe TpaHccjiopMaTopa. 

npH 3HanHTejibHOM noHHHceHHH ypoBHH Macjia 
b TpaHC(J)opMaTope BcjieACTBne Tera hjih HenpeAy- 
Ha cubhcljí 



Onr. IX, 38. 
CxeMa BKjnoHe- 
hh« uenefí one- 
paTHBHOTO TOKa 
ra30B0H 3amHTbi 
Tpex(})a3Horó 
TpaHC(})Op- 
MaTopa. 


CMOTpeHHOrO CHJIbHOrO OXJia>KAeHHH MOryT 33MK- 
HyTbcn 06 a KOHTaKTa nocjieAOBaiejibHo oahh 3a 
ApyrnM. 

3amHTa mohcct no^eňcTBOBaTb Ha OTKJHoneHHe 
h npn CBepxTOKax, oóycjiOBjíHBaiomHx HcnapeHHe 
conpHKacaiomerocH c oďmotkoh Macjia b 3amnma- 
eMOM TpaHC(})opMaTope. ra30Baa 3amHTa KaK 3a- 
mHTa ot cBepxTOKOB, oAHaKO, HHKoraa He HCnOJlb- 
3yeTcn BBH^y ee HeHa^excHoro AeňcTBHH b stom 
cjiyqae. 

J\jin peryjinpoBaHHH pejie Ha .cpaóaTbraaHHe 
npH onpe^ejieHHofi CKopocra Macjia ■ hhjkhhh no- 
njiaBOK CHaóxceH peryjiHTopoM b bhač nepeMemaío- 
lUerocH BOKpyr nonjiaBKa rpy3a. 

CxeMa BKJiK>neHHH ixenen onepaTHBHoro Tona 
AJia TpaHC(j)opMaTopa c oahhm óaxoM ppHBe^eHa 
Ha (Jmr. IX, 38. B 3 aBHCHM 0 CTH ot xapaKTepa no- 
Bpexc^eHHH ra30Boe pejie 1 AeficTByeT hjih Ha 
cHmaji hjih Ha OTKjnoneHHe, nocbiJiaH HMnyjibc Ha 
npoMexíyTOHHoe pejie 2. Tax xax HHoiyja KOHTaKTbi 
HH^KHero nonjiaBKa, BHĎpHpyn, 3aMbiKaiOTCH Ha 
oneHb KOpoTKoe BpeMH, ajih HaAexcHocTH achctbhh 
3 amHTbi npHMeHHioT npoMexcyTOHHoe pejie 2 , 
BKJHoneHHoe no cxeMe Ha npnjiHnaHHe kohtbktob, 
óóecnenHBaioiiiee no^any ^jiHTejibHoro HMnyjibca 
Ha OTKjnonaiomHe KaTyniKH BbiKJHonaTejieň. 

fljin B03BpameHHH pejie b ncxoAHoe nojioxce- 
HHe TpeóyeTcn BbinycraTb ra3 H3 ochobhoto pe- 
Jie 1 nepe3 BepxHHH KpaHHK (dpnr. IX, 35) h Ha- 
xcaTb KHomcy y pejie 2 ((Jmr. IX, 38). 

npH pryTHbix 'KOHTa-KTaix pejie HeoóxoAHMď 
TmaTejibHO cjieAHTb 3a npaBHjibHbíM npHCoe^HHe- 
HHeM HCTOHHHKa OnejJaTHBHOrO TOKa K KOHTaKTaM 
pejie, Tax KaK napbi pTyTH nponycxaioT tok Tojib- 
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ko b oahom HanpaBjíeHHH ot nojnoca BHe pTyra k 
nojnocy, coeAHHeHHOMy c pTyTbio. 

XIoctohhctbom 3amHTbi hbjihctch ee npocTOTa, 
BbicoKan nyBCTBHTejibHocTb h HeĎojibinan ctoh- 

MOCTb. 

K He^ocTaTKaM 3amHTbi othochtch to, hto ona 
He cnocoĎHa AeficTBOBaTb npH noBpejK^eHHH BHe 
6axa TpaHC(})opMaTopa h noaTOMy He MOTKer noji- 
HOCTblO 3aMeHHTb AH(})epeHI],HaJIbHyK) HJIH TOKOByiO 
aamHTy, ^eftcTByiomyio h b sthx cjiynanx. 

npaKTHKa oTMenaeT Taxxce uejibiH pao; Henpa- 

BHJIbHblX AeilCTBHH ra30B0H 3aiHHTbI, B ĎOJIbUIHH- 

CTBe! cjiynaeB CBHAeTejibCTByiomHx o He^ocTaToq- 
hom coójno^eHHH oócjiyxcHBaiomHM nepcoHaJioM 
cymecTByiomHX npaBHJi SKcnjioaTaHHH h oďvcjiob- 
jieHHbix npeHMymecTBeHHo: 

a) OTcyTCTBHeM HaójnoAeHHH 3a ypoBHeM 
Macjia; 

6) AOJIHBKOH HJIH OHHCTKOH MaCJia npH BKJIIO- 
neHHOM KOHTaKTe pejie «Ha oTKJiioqeHHe»; 

b) HenpaBHjibHbíMH onepauHHMH npn nycxe 
MacjiHHoro Hacoca. 

npn nojiyneHHH cnrHajia AexcypHbiH nepcoHaji 
^ojixceH npoBepHTb TeMnepaTypy Macjia h oďmotok 
T paHccjiopMaTopa, ypoBeHb Macjia, a ecjin no ycjio 
BHHM 6e30naCHOCTH AOnyCTHMO npOH3BeCTH OCMOTp 
pejie, to h xapaKTep CKonHBinHxcH b hom ra30B. 

Ilo pacu,BeTKe h cTeneHH BocnjiaMeHneMocTH 
ra3a mohcho opHeHrapoBOHHO cy^HTb o npHHHHe h 
xapaKTepe noBpeHcaeHHH [JI. 5]. HeBocnjiaMeHnio- 
mHHcn ra3 6e3 UBeTa h 3anaxa yxa3biBaeT Ha Ha- 
jiHHHe B03^yxa b Macjie. BejioBaTbiň ra3, HeBoc- 
njiaMeHHiomHHCH, c ocTpbiM 3anaxoM yKa3biBaeT 
Ha noBpexcAeHHe H30jiHpyiomHx MaTepnajioB ( 6 y- 
Marn, onjieTKH h t. n.). )KejiTOBaTbiň ra3, Tpy^HO 
BocnjiaMeHHiomHHCH, yKa3biBaeT Ha noBpexgjeHHe 
AepeBHHHbix nacTefl. TeMHocepbiň hjih nepHbiň, 
jierxo BocnjiaMeHHiomHHCH ra3 yxasbiBaeT Ha 
nepeKpbirae b Macjie hjih Ha npe3MepHbiň nepe- 
rpeB Macjia, conpoBOíKAaiomHHCH ero pa3Jio}xe- 

HH0M. 

npn onpeAejieHHH ropíonecTH ra3a oroHb 
(oÓblHHO 3a>K}KeHHa5I enHHKa) AepJKHTCH HeCKOJIb- 
ko b cTopoHe ot KpaHa. Bo H3ÓexcaHHe B3pbiBa 
coBepineHHO HeAonycTHMO no^HocHTb otohb k ot- 
KpblTblM OTBepCTHfcM KOHCepBaTOpa HJIH TpaHC(j)Op- 
MaTopa: £jih npOBepKH ropionecTH ra3a cJie^yeT 
n0JIb30BaTbCH HCKJIIOHHTejIbHO CneiXHajIbHblMH Kpa- 
HHKaMH. ( 

EcJIH CHTHaJI CBHaeTejIbCTByeT O HaJIHHHH B03- 
Ayxa, to CKonHBinHHCH B03Ayx BbinycKaeTcn, h 
ycTaHaBjíHBaeTcn HaóJiiOAeHHe 3a HHTepBaJiaMH 
^ajibHenmHx cHTHajioB. 

B OTAejibHbix cjiynaHX h b pe 3 yjibTaTe pa 3 py- 
nieHHH H30JIHHHH MOKeT npOHCXOAHTb BbmejieHHe 
6 ecuBeTHoro HeBocnjiaMeHHiomerocH ra 3 a. Ecjih b 
pe3yjibTaTe BbiAejieHHH Taxoro ra3a npoHexoAHT 
nOBTOpHbie CHTHajIbl, TO HeOĎXOAHMO npOH3BeCTH 
aHajiH3 ra3a h ynce no cocTaBy cyAHTb 06 ero 
npOHCXOJKAeHHH. 



npH BHyTpeHHHX nOBpeXÍAeHHHX npHHHMaiOTCH 
cpoqHbie Mepbi k OTXjnoneHHK) TpaHccj)opMaTopa. 

ra30Ban 3amHTa, xax y me yKa3biBajiocb Bbíme, 
npHMeHHeTCH ko BceM TpaHccj)opMaTopaM, HMeio- 
iuhm Macjio b xaqecTBe H30jiHpyK>iueň cpeAbi, Ha- 
qHHan c moiuhocth 560—1 000 kVA h óojiee. 

21 . OCyiUECTBJIEHHE rA30B0H 3AlU,HTbI HA 
OnEPATHBHOM IIEPEMEHHOM TOKE 

ra 30 BaH 3 amHTa TpaHccj)opMaTopoB AOJuxHa 
Ha^exaio ^eňcTBOBaTb xax npH noBpe^xAGHHHx^ 
COnpOBOXCflaroiIJHXCH 3 HaHHTeJIbHbIMH nOHHXCeHHH- 


IX,39. CxeMa ra 30 B 0 ň 

3amHTbI C UByMH He33BHCH- 
AlblMH OnepaTHBHblMH UenBMH 
OTKJIIOqeHHH. 



HaHjiyquiefl cxeMofi mrraHHH Morjia 6bi HBjíHTb- 
CH TaKaHj[JI. 6], B KOTOpOH HMejIHCb 6bl ABe He- 
3aBHCHMŽíe oneparaBHbie uenn OTXjnoqeHHa: oa- 
Ha — ot TpaHC(J)opMaTopoB HanpHxceHHH, Apy- 
ran — ot TpaHC(j)opMaTOpoB Toxa (dpnr. IX, 39)/ 

OAHaxo ajih SToro ra30Boe pejie aojdxho 
UM eTb ABa KomaKTa, AeňcTByxHUHX Ha OTXjnoue- 
HHe. KOHCTpyKTHBHO 3T0 BbinOJIHHTb B 03 M 0 JKH 0 , 
HO COOTBeTCTByiOHXHX pejie B HaCTOHmee BpeMH 
3aBOAbi He BbinycKaK)T. IIosTOMy DaccMOTpeHHan 
cxeMa Ha npaKTHKe He Hcnojn>3yeTCH. Ha Heoócjiy- 
>KHBaeMbIX nOACTaHHHHX AJIH ee BbinOJIHeHHH MO- 
-xceT 6biTb Hcnojn>30BaH b xanecTBe BTOpOTO KOH- 
TaKT, npeAHa3HaqeHHbiH rjir cHrHajiH3auHH. OAHa- 
XO nOJIHOUeHHO OH He MOHCeT 3aMeHHTb KOHTaKTa, 
AeňcTByK>mero Ha OTKjnoqemie, Tax xax paóoiaeT 
no ApyroMy npHHUHny. 

Bojiee €,io>KHoň cxeMoň, oóecne^HBaiomeH nHTaHHe one- 
paTKBHbix ueneň ot Toxa h Hanpa>xeHHH, HBjíneTCH komčh- 
HHpoBaHHan cxeMa (tyur. IX, 40). 

HopMajibHo k cxeMe hoaboahtch jiHHeňHoe HanpB>xeHHe 
OT H'3MepHT6JibHoro Tpafc<c(j)opMaTopa HanpflxceHHH. ripH CHH- 
HcetťHH SToro HanpnxceHHH ao* 3HaqeHHH, HecnocoÓHoro o6ec- 
neqHTb HaAexcHoe AeňcTBHe npHBOAa BuxjnoqaTejiH, npoH3BO- 
jíhtch aBTOMaTHqe ! CKoe nepexjnoqeHHe onepaTHBHwx ueneň 
nocpeacTBOM pejie MHHHMajrbHoro HanpqjxeHHH Ha npoMoxy- 
ToqHHň HacbEmaiomHHCH TpaHC(})opMaTop Toxa cneuHajibKOH 

KOHCTpyKUHH. Oa3W AJ1H BKJHOqeHHH TpaHC<J)OpMaTOpOB T0K3 

h HanpíOKeHHH Bbr&HpaiOTCH Tax, qToObi 6 bijio o6ecneqeHo 
Ha£e>KHoe nHTaHHe npn Bcex MHoro<j)a3Hbrx 3aMbixaHHHX 
c ooeHx CTopoH Tpa«c<J)opMaTopa. ripn 3tom AonycxaeTcn, 
qTO n P H AByxtjjasHHx 3aMHxaHHHX c nHTaeMoň CTOpoHbí 3 a 
w cqeT coeAHHeHHH oómotox TpaHCífjopMaTopa no cxeMe 3Be3Aa- 


Ha cu zhojí 


\0m mpaHc - 
-cpopMamopa 

HanpfíwceHUR 


4 >ht. IX, 40 . KoMÓHHHpoBaHHaa cxeMa nHTaHHH 
one paTHBHbix ueneň ra30Boň 3aiuHTbi. 



Om mpanc- 
cpopMamopa * 

HCLnpRJ+CQH U fí 


<I>Hr. IX,41. ílHTaHHe onepamB- 
hhx ueneň ra30B0ň 3amHTbi ot 
TpaHC({)opMaTOpa HanpsíHceHHH. 


MH HanpHHCeHHH, Tax H npH TaXHX, XOTOpbie co- 

np 0 B 05 KAaK)TCH HeóojibniHMH TOxaMH b uenH no- 
Bpe^xAEHHoro TpaHecpopMaTopa.^ 

EfosTOMy nHTaHne oneparaBHbix ueneň ra 30 Boň 
3 amHTbi TOAbxo ot ueneň HanpnxceHHH nepeMeH- 
hoto Toxa 3 amHiuaeMoň ycTaHOBXH (nanpHiftep, 
qepe3 H 3 MepHTeAbHbiň TpaHC(j)opMaTop Hanpnxce- 
hhh) hah toabxo ot npoMe^xyTOHHbix Hacbímax)- 
IUHXCH TpaHC(})opMaTOpoB Toxa ,(rji. II, § 13) npHH- 
UHnnajibHO HejxeAaTeAbHO. 


TpeýrojibHHx na miTaioiueň CTopoHe tokh bo Bcex Tpex 
sax 6yuyT HMeTb AOCTaToqHyio BejinqHHy. 

FIpoMeHcyToqHbiH TpaHCíjjopMaTop Toxa, xax 3aMeKHK>mnň 
nHTaHHe ot uenn Hanpn>xeHHH, aojihcch HMeTb 6 ojibmoe qnc- 
jio bhtxob' h Ha 3 a>xHMax ero HopMajibHoň pa 30 MXHyTOH o 6 - 
motxh MoryT noHBJíHTbcn HeAOnyCTHMue hhkh nepeHanpHíxe- 
HHň (tji. II, § 13). no 3 Toň npnqHHe, a Tax>xe BBHuy AO- 
CTaToqHoň cjiohchocth, h 3 Ta, cxeMa He nojiyqnjia pacnpo- 
crpaHeHiHH Ha npaxTHxe. 

npH KOpOTXHX 3aMI^XaHHHX B TpaHC<})opMaTope, conpo- 
BOJKAaiotmHxcH 3HaqHTejibHbPMH noHHuceHHHMH Hanpu>xeHHH, 
AeňcTBHe ra30Boň 3am«Tbi b óonburaHCTBe cnyqaeB *6yueT 
pe3epBHpoBaTbCH toxoboh aamHToá. 
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riosTOMy b HacToamee BpeMa ctotčíiot Aony- 
CTHMblM BBHAy OTCyTCTBHH COBepmeHHbIX CXeM nH- 
TaTb oneparaBHbie uenn ra30B0H 3amHTbi TojibKO 
ot HanpHxceHHa no cxeMe dpur. IX, 41. 

22 . HA3HAHEHHE H CyiUECTByRMUHE CnOCOBbl 
BbinOJIHEHHH CnEUHAJIbHbIX 3A1UHT TPAHC<POP- 
MATOPOB OT OAHO<PA3HbIX 3AMbIKAHHH 
HA 3EMJIIO 

npH 3aMHKaHHH OĎMOTKH TpaHC^OpMaTOpa Ha 3eMJIIO 
{Ha Kopnyc) toxh b MecTe noBpextaenHH npeucTaBJíniOT 3Ha- 
qHTe^bHyio onacHOcrb ujih TpancíjjopMaTopa. ÓcoĎeHHO 6ojib- 
ihhx 3HaneHHň tokh MoryT uocTHraTb npH OAHo4>a3HOM sa- 
MhiKaHiTH Ha dopoHe Toň oďmotkh TpaHC(]x>pMaTopa, Ha ko~ 
Tcpaň HMeeT M6CT0 rjiyxoe 3a3eMJieHHe HyjieBoň tohkh. 

B CHCTeMaX C MaJIHMH T0K3MH 3aMHKaHHH Ha 3CMJIIO 
BejIHHHHa TOKOB nOBpeJKUeHHH He3HaqHTeJIbHa,' HO HpK UO- 
CTaTOHROH UJIHTeJIbHOCTH OHH MOryT nOCJiyHCHTb HpHHIÍHOfi 
paSBHTHH asapH-H. 

0,zíHO(})a3Hbie 3aMUKamíH Ha 3eMJiio, ecjin ohh conpo- 
BOOK^aiOTCH 3H a T€ Jlb HH MH TOKaMH B M eCTC nOBpeíKUeKHH, 

MoryT npHBO^HTb b ^eňcTBHe npouojibHyio tokobyio u<H(|)e- 
peHUHajibHyio 3aiuHTy hjih ra30ByK) 3ainHTy. Ounaxo npH 
íwajiux Toxax 3aMHxaHHH Ha aeMJiio OT(J)epeHHHajibHaH 3 a- 
5UHT3 MO>KeT He nOABHCTBQBaTb; 6CJIH npH 3TOM nOBpBJKA^- 
ene npoH3oS^eT BHe xo>xyxa TpaHC<j)opMaTOpa (HanpHMep, 
FiepeKpbiTHe HapyxíHoň BTyjiKH), He cpaóoraeT h ra30Baa 
3amHTa. 

B uaHHOM naparpa<j)e paccMaTpHBaioTCH Bonpocw 3amH- 

Tbl OT 0£H0(j)a3HblX 33MbrxaHHH Ha '3eMJII0 © CHCTeMax C Ma- 
JíblM TOKOM 33MbIKaHHH Ha 36MJII0, KOT/ja UH(J>epeHUHaJIbHaH 
h TeM óojiee MaxcHMajibHan tokob3h 3amHTa no CBoeň qyB- 
CTBHTejibHOCTH He MoryT RZTb yuoBjíeTBopHTejibHoro peme- ( 

HHH, H IipHXOUHTCH HpHMeHHTb HHOTfla CIieUHajIbHbie 3amHT- í 
Hbie ycTpoňcTBa, ae&CTBylomné Tojibxo npn 3aMWKaHHHX Ha 
3eMJII0. 

K HHCJiy T3KHX 3amHT othochtch: 

1) MaKCHMajibHan TOKOBan 3aiuHra HyjieBOg nocjieuosa- 
TSJIbHOCTH; 

2) aaiuHTa MaxcHMiajibHoS moiuhocth HyjieiBoá nocjieno- 
BaTejibHOCTH c KOMneHcauHeH hjih óe3 KOMneHcauHH Toxa 
HeóajiaHca. 

23. MAKCHMAJIbHAfl TOKOBAH 3AIUHTA HyjIEBOfl 
llOCJIEAOBATEJIbHOCTH 

npHHuraiHajibHaH cxeMa MaxcHMajibHoft tokoboh 3aiuHThi 
HyjieBoň nocjiejiiOBaTejibHocTH ujih ouhoh H3 oómotok TpaHC- 
(})opMaTopa npHBe^eHa Ha (jrar. IX, 42. FIophuok onpeaejie- 

iHHH ochoibíhmx ee naipa- 

MBTpOlB (TOK TparaiHlHlH B 

©biuepxcxa ©peiMieiHiHi) oc- 
rraeTCH tohho xaKBM >xe, 
HTO H HpiH (MiaiKiOHIMia/JIh- 
HOfí TOKOJBOH 3aiHIHITe 
fflsyjieBoň nocji.ejiofBaTejib- 
HiOCTiB, II pHtM e H H ©MOH B3 

JIOTHHX (rji. II, § 19). 

‘ 3ra samiHTa qaícro 
ocymecTBjíHeTCH npn no- 
ímohíih MaKiaBM-ajibHoro 
TOKOBoro pejie, BKJHoqae- 
MOPO B HyjIQBOH HpOBOA 
IMaiKlClHiMiaUIbHOH TOKOBOH 
3aiD[HTbr OT CBiepXTOKOB, 
3T0 H03IB0JIHIBT HOJiyHBTb 
3.KOHIOMIHIK) © Tpa!H'C4>Op- 

iMaropax toká, owiBanoo 3a 
cneT HexoTopoiro yiBejm- 
neHHH i H (ý. , 


3amHiuaeMOft 30Hoft npH ©tom HBjmeTCH oSMOTKa TpaHC- 
4>opMaTopa aaHHoro HanpHHceHHH h buboah %o MecTa n0H- 
coeaHHeHHH TpaHC(})opMatopOB TOKa. 3amHTa xpaHcýopMaTopa 
jlojixcHa 6wTb He líieHee qyBCTBHTejibHoň, q©M 3auiHTa ynacT- 
KOB CeTH, pacnOJIOJKeHHHX MeJK^y TpaHC(j}OpMaTOpOM H Me- 
CTOM 3a3€MJieHHH HyjieBOŽ TOHKH. 3aHI,HTa TpaHC(})OpMaTOpa 
OT OAHO^aSHHX 3aMbIKaHHH Ha 3eMJIIO CHHTaeTCH BnOJlHe 

y^oBjíeTBOpHTejibHofi, ecjni npn MeTajiJinqecKOM 3aMbiKaHHH 
b oÓMOTKax, coejTHiieHHbix b TpeyrojibHHK, ona 3 amHuraeT 
Bce 100°/a bhtxob, a npn icaejjHHeHHH o6motox b 3Be3Ay — 
ne MeHee 50 -4- 70°/o bhtxob. 

PaccMOTpeHHan 3amHTa jxjih o6ecneqeHHH cejiexTHBHO- 
CTH O Obrano yCTaHaBJIHRaerCH C BblCOXOBOJIbTHOH CTOPOHH 

(6 -i- 10 kV) no'HH>xaiomHx TpaHC(J)opMaTopOB noTpeĎHTe^JieH, 
ecjiH nuTaioiuHe hx jihhhh hmciot 3 auiHTy ot 3aMHxaHHH Ha 
3eMJiio, padoxaiomyio Ha oTXJixraeHHe. ripn ^eňcTBHH stoh 
3auiKTbi Ha CHrnaji hjih npn ee OTCyTCTBHH paccMaTpHBae- 
Man 3amHTa Ha TpaHC$opMaTopax Taxnce b uejinx ynpome- 
hhh He ycTaHaBJíHBaeTCH. 

24. 3AIUHTA MAKCHMAJIbHOH MOIUHOCTH 
HyjIEBQB nOCJIEflOBATEJIbHOCTH C KOMI1EHCA- 
U.HEH TOKA HEBAJIAHCA 

B nocjieanee BpeMH npn 3amiiTe Tpancij>opnaTopoB ot 
3aMHxaHHň na 3eMJiio HaxouHT npHMeHeHHe Tax>xe Tax Ha3bi- 
BaeMan cxeiMa m a xc hm a ji bHOH mouthocth HyjieBOH nocjie^OBa- 
TejibHOCTH c KOMneHcauHeň toxob HeóajiaHca. FIo npHHUHny 
CBoeMy 3Ta cxeMa aHajionraHa ©amHTe MaxcHMajibHoá moui- 
KOCTH, npHMeHHeMOH JI JIH JIHHHň H T BHe p 3TOpOB OT OflHO<}>a 3 - 
Hwx 3aMwxaHHň Ha aeMJiio © oČMorxax CTaTopa. 

CxeMa 3 amiiTH Tpanc<})opMaTopa np»MeHHTejibHO x ycjio- 
bhk) 3aseMJieHHH HyjieBoň tohxh BHe 3ain,HmaeMOH 30 hh 
npejiCTaBjíeHa Ha IX, 43. Tok 3 aMuxaHHH Ha 3 eMJiio, 

HeOÓXOtfHMblň JIJ IH JieňCTBHH 3aiHHTH, COSflaeTCH B CHCTBMe 
3 auxHmaeMOH oómotxh TpancíJjopMaTopa hcx yc ctB e hhhm ny- 
TeM. JIjih 3Toň uejiH opaxTHqecxH Hcnojib3yeTCH tok ot 3 a- 
30MJieHHbIX HyJIBBblX TOHeX reHepaTOpOB, CHHXpOHHbIX KOíM’ 
neHcaTOpOB hjih TpaHC<})opMaTopoB coOcTBeHHoro pacxojia, 
ycT3 hobJ ieHHHX b cHCTeMB ^aHHoro HanpHxceHHH. Pejie MaK- 
CHMaJIbHOň MOIUHOCTH IIHTaBTCH OT (jlHJIbTpOB TOKOB H Ha- 
npnjxeHHH HyjieBOH nocjieuoBaTejibHocTH. HanpHxceHHe nyjie- 
BOH nOCJieUOBaTejIbHOCTH nOUBOUHTCH OÓHHHO OT TpaHOýop- 
MaTOpa HanpHJKBHHH, ycTaHOBJíeHHoro Ha .mHHax (Ha cxeMe 
énr. IX, 43 He yxa 3 aH) h HMeioiuero hjih cneunajibHbie uo- 



0nr. IX, 43. npHHUHnnajibHaH cxeMa 3 aui,HTbi MaxcHMaJib- 
hoh moiuhocth HyjieBoii nocjie^OBaTejibHocTH c KOMneHcaunen 
tokob HeéajiaHca# 



OflH04)a3HBIX 3aMMKaHHH Ha 3eM- 
JIIO B OÓMOTKe TpaHCíflOpMaTOpa. 




flOJIHHTeJIbHbie OÓMOTKH! (nHTHPCTepHCHeBOS TpaHC(|)OI>MaTOp) 
HJIH COeflHHeHHe BTOPHHHHX OÓMOTOK B pa3CMKHyTHH Tpe- 
yrojibHHK. 

PacneT 3 aiUHTbI npOH3BO^HTCH, TaK 5Ke KaK H TipH 3a- 
HUrre MaKCHMajibHoň MomHOCTH HyjíeBOH nocjie aob arejib hoct h , 
c KOMneHcanneS tokob HeóajiaHca, npTiMCHHeMOH Ha re-Hepa- 
TOpaX H JIHHHHX OT 0,HHO(])a3HbrX SaMbTKaHHHL IlpH 3aMHKa- 
HHH Ha 3eMJIK) B OÓMOTKC TpaHC(jX>pMaTOpa TOK nOBpe5K^€HHH, 
orpaHHneHHbiň 3a3eMJTHiomHM conpoTHBJíenHeM R 3 , npoxo^HT 
«!6pe3 COOTBeTCTByiOmHe TpaHC(j)OpMaTOpbI TOKa B npHBO^HT 

pejie b AeftcTBHe. 

TopMO3H0H TOK i m opM ot ueim H.anpH$keHHH, noaasae- 
mhh flonojiHHTejibHO b TOKOByio nenb, y^ep>KHBaeTCH flo6a- 
i BO i iHbiM conpoTHBjíeHHeM ro © npe^ejiax, TpeóyeMHX no yc- 
jiobhhm. cejieKTHBHOcTH; corjiacHo cxeMe npucoeflHHeHHH pejie 
ÍIpH JIIOĎOM 3aMbIKaHHH Ha BeMJTIO 3TOT TOK OÓyCJIOBJIHBaeT 
MOMeHT, ^eHCTByiOmná B CTOpOHy - pa3MbIKaHHH KOHTaKTOB 
pejie MOmHOCTH. 

IlpH BHeiHHeM O^HO(J)a3HOM 3aMbIKaHHH imopM HaCTHHHO 
KOMneHcnpyeT ^eňcTBire i H 6 n stwm flaeT bosmohíhoctb bh- 
ópaTb Ďojiee qyBCTBHxeJibHoe pejie moiixhocth. 


TaK KaK imopM Ao&CTByer Bceraa Ha pa3MHxaHHe koh- 
TaKTOB pejre, to Tipu 3aMHKaHHH Ha 3eMjno © sammnaeMoá 
30H6 OH Óy/jeT TaKJKe npOTHBOfleHCTBOBaTb HCOÓXOAHMOMy, 
OTKJiioqeHHK) TpaHC(})opMaTOpa. 

O^naKO BbíHrpbini b qyBGTBHTejibHOCTH 3amHTH, nojiy- 
naeMbiH ot npHMeHeHHH pejie c yMeHbineHHoň MomHocTbio 
TporaHHH, OKa3brBaeTCH óojibine nponrpbima ot HajinqHH TOp- 
MosHoro Tona. llooTOMy 3aimrra b uejioM óojiee qyecTBH- 
TCJibHa, qeM 3amHTa moiuhocth 6e 3 KOMneHcamiiL 

npH BHeniHHX MHOrO$a3HbIX 3aMbIK3HHHX BO H3Ó6>KaH'He 
HecejiOKTHBHOiTO OTKJiioqeHHH TpaHC<})opMaTOpa ot noBblíne k> 
hwx i H 6 3am,HTa mohíct BHBO^HTbCH H3 ^eScTBHH cneimajib- 
Hofí 6jiokhpobkoh, Kak to flejiaeTCH y reHepaTOpoB. B stom 
cjiyqae 3ainnTa, KaK h paccMorpeimaH Bwuie tokob an, bu- 

HOJíHHCTCH MTHOBCHHO flefrCTQByiOmefi. OTCTpOHKa OT TOKOB 

HeóaJiaHca npn ckbo3hhx kopotkhx 3aMUKaHHnx MOjxeT ÓHTb 
ocymecTBJíeaa TaKJKO Bu^epjKKoá BpeMeHH. 3amnTa M3kch- 
MajibHoň moiuhocth c KOMneHcauneň TOKa HeóajiaHca npHMe- 
HH6TCH b tcx cjiyqanx, Kor^a 6ojiee npocTan tokobhh 3 a- 
niHTa HyjroBoS nocjieflOBaTeJibHOCTH oKa3breaeTCH He^ocTaToq- 
HO qyBCTBHTejIbHOS* 


TJIAiBA X 

3 ALUMTA ArPEfATOB rEHEPATOP-TPAHC4>OPMATOP 


1. HA3HAHEHHE 3AIU.HTM 

TeHepaTop h TpanccjDopMaTop cočraBJíaiOT ar- 
peraT, ecjin reHeparop paéoTaeT Ha CHČTeMy Heno- 
cpeacTBeHHo aepe3 cboíí, oóhhho noBbiiHaroiHHH, 
TpaHc4>opMaTop. 

TaK KaK arperg-/ coctoht H3 reHepaTopa h 
T paHCtJjopMaTopa, to Bce bham noBpe^KAeHnň h He- 
HopMajibHbix peacHMOB paĎOTbi KaHi^oro H3 hhx b 
OTA ejIbHOCTH MOryT B03HHKHyTb H B A3HHOM CJiy- 
nae. IIoaTOMy H« arperaiax reHeparop-TpaHc^op- 
MaTop aojijkhh 6biTb npe^ycMOTpeHbí 3amHTHbie 
ycxpoňcTBa, pearHpyiomHe Ha Te n<e -BHaH no- 
Bpe*AeHHH h HeHopMajibHbix pexiHMOB paóoTbi, Ha 
KOTopbie AOJUKHa pearapoBaTb 3amHTa reHepaTopa 
h TpaHc4>opMaTOpa b tom cjiyaae, Kor^a KaáíAbiů 
H3 hhx paéoTaeT pa3^ejibHO. 

Oah3KO b cbh3h c TeM, hto b paccMaTpHBae- 
mom cjiyaae reHepaTop h TpaHc<{>opMaTop npeA- 
craBJíHioT oflHH paóoHHň arperaT, HeKOTopHe H3 
hx 3amHT MoryT óbiTb Hcnojib30BaHbi ajih 3am,HTbi 
ero b HejiOM. OĎmee kojihhcctbo 3amnT, ycraHaB- 
jiHBaeMbix Ha arperaTe, npH štom yMeHbuiaeTCH. 

3amHTa arperaTOB b HeKOTOpofi cTeneHH bhao- 
H3MeHHeTca b Tex cjiynaax, Kor^a Ha reHepaTop- 
HOM HanpHHíeHHH HMeeTCa OTBeTBJíeHHe K UIHHaM 
reHepaTOpHoro HanpasíeHHa hjih k TpaHC<i>opMa- 
Topy. 

TpaHc<|>opMaTOp Ha 0 TBeTB.neHHH ÓHBaeT, KaK 
npaBH^o, noHHxaioutHM h Hcno^b3yeTca nn- 
T3HHH COČCTBeHHMX Hy*A CT3HH.HH. 9T0T TpaHC- 
<}>opMaTop c tohkh 3peHHH ero 3amHTbi c^e^yeT 
paccMaTpHBaTb Kax aacTb arperaTa TO^bKo b tom 
M yaae, ea« MewAy hhm h tohkoíí OTnaňKH ot- 
eeTBAeHHa He HMeeTCa aBTOMaTnaecKoro bukjiio- 
qaTejia. 


ripn B03HHKH0B6HHH IIOBpeHCAOHHfl 3aiU,HTa 
Ao^acHa OTKJiioHHTb arperaT ot chctcmh h 
npHBecTH b aeftCTBHe 3 btom3t rameHHH no^ia 

(Arn). 

ABTOMaTHaecKHe npoTHBonoaíapHbie ycTpoŘ- 
CTBa b c;iyqae hx ycTaHOBKH ao^hchh npHBOAHTbca 
b AeňCTBHe TO^bKO ot 3amHT, pearnpyiomHx Ha 
BHyTpeHHne noBpeacAeHHa b reHepaTope. 

2. nPHHUHn BbinOJIHEHHfl 3AIUHTbl TEHEPATOPOB 
OT OAHO«A3HUX 3AMbIKAHHH HA 3EMJ1IO 

Cnoco6 3 aui,HTbi reHepaTopa ot OAHO(})a3HHx 
3aMbIKaHHň, Ha 3 eMAip BHAOH3MeHHeTCH B 33BHCH- 
MOCTH ot hhahhhh hah oTcyTCTBHa y arperaTa 
OTBeTBAeHHH Ha reHepaTopHOM HanpaxeHHH h 
cpocoóa ero BbinoAHeHHH — Ha TpaHc4)opMaTop 
hAh HenocpeACTBeHHo Ha uiHHbí reHepaTOpHoro 
HanpaHceHHH. 

3aiUHTa OT OAHO(}>a3HHX 3aMblKaHHň Ha 

3eMAio npH OTcyTCTBHH OTBeTBJíeHHa. řípa pa- 
6oTe reHepaTopa HenocpeACTBeHHo Ha TpaHC- 
<J)opMaíop ocymecTBJíeHne 3am,HTU reHepaTopa 

OT OAHO({>a3HbIX 3aMMKpHHg Ha 3CMAK) BeCbMa 

očAerqaeTca no cpaBHeriHio co cnyqaeM ero He- 
nocpeACTBeHHoň paóoTM Ha mHHbí reHepaTOpHoro 
HanpaateHHH, Tax Kax b paccMaTpHBaeMOM CAyaae 
reHepaTop SAeKTpHHecKH He CBH3aH c cncTeMoň 
H OAHO(j)a3Hbie 33MbIKaHHH Ha 3eMAK» B CHCTeMe, 
ecAH b nepBOM npnójiHHceHHH npeHeópenb eM- 
KOCTbK) MeHCAy OČMOTK3MH BblCHierO H HH3UierO 
HanpaaceHnň TpaHCtJjopMaTopa, He Bbi3HBaiOT noaB- 
jieHHH c/iaraiomHx Hy^eBoň nocAeAOBaTeAbHocra 
b TOKax h Hanpa*eHHHx reHepaTopa. BAaroAapa 
aTOMy He TpeóyeTCa npHMeHeHHe caohchhx cxeM, 
o6ecne*»HBaiomHx ceAeKTHBHocTb paóoTbi 3amHTM 

npH 33MbIKaHHHX BHe 3aiAHmaeM0Ř 30HU. 
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3amHTy npHHUHnHa^ibHO bosmohho Bunoa- 
HHTb, Hcno^b3yH noaBJíeHHe caaraiomHX Hanpa- 
aceHHH hjih TOKa HyaeBoň noc^eAOBaie^bHOCTH 
npH 33MbiKaHnflx Ha 3eM^ro b CHCTeMe reHepa- 
TopHoro HanpaaceHHH. 

Ha <jmr. X,1 npHBe^eHa npHHmuiHa./ibHaH cxe- 
Ma, Hcncwib3yiomaH RJin paóoTbi peae Hanpaace- 
HHe Hy^eBOň noc^eflOBaTe^bHocrH. HyaeBaa 
TOHKa reHepaTopa 3a3eM^aeTca aepe3 H3MepH- 
Te^bHbiň TpaHC<|>opMaTOp HanpaaceHHH. K 3a*H- 



Oar. X, 1. 3amHTa ot 

©AHO<jía 3 HbIX 3 aMbIK 3 HHH 
Ha 3 eMJiio nocpeacTBOM 
Ma KCHMaabHoro peae Ha- 
npaxceHHa. 



4>Hr. X,2. CxeMa 3aMeme- 
hhh arperaTa aasi cayqaa 
3aMbiKaHHa aa 3eMjno Ha 
BTOpHHHoft CTopoHe ero 
TpaHCíj)opMaTop;i c yqeroM 
eMKocTH Meatfly o6mot- 

KaMH nocjieAHero. 


MaM ero BTopnaHoň oómotkh npHcoeAHHaeTca 
uaKCHMajibHoe pe^e HanpaaceHHa MrHOBeHHoro 
AeňcTBHa. 

Rji a oueHKH iiajiHoň cxeMbi caeAyeT paccMo- 
TpeTb ee noBeAeHHe npn 0AH0<[>a3Hbix 3aMbiKa- 
HH3X Ha l3eM^K) Ha BTOpHHHOS CTOpOHe TpaHC- 
4»opMaTopa (<t»Hr. X,2) c yaeTOM eMKOCTH 3C 
Meacay ero o 6 motk 3 mh (C — eMKocTb MeacAy 06- 

MOTK3MH Kaxtfloň $a3u). 

Tok 1 c HanpaB^aeTca b 9tom cayaae aepe3 

eMKOCTHoe conpoTHB^eHne— h nocaeAOBa- 

TejibHo BK^HoaeHHoe c hhm conpoTHBjíeHHe, co- 
CToamee H3 AByx napajmejibHbix BeTBefi. ÓAHa 
H3 HHX BKJIIOHaeT 9KBHB3JieHTHblň HMneASHC Z H 
TpaHC<j)OpMaTOpa HanpaaceHna o npncoeAHHeHHbíM 
peae, Apyraa — eMKOCTHoe conpoTHBaeHHe no 

OTHouieHHio k 3eMae — š mč ~ Tpex 4> a3 uenn re- 

HepaTopHoro HanpaaceHHa. EMKocTb Cs KaacAoft 
$a3bi 9Toň aenH CKaaAHBaeTca H3 cmkocth 
CT aTopHoft oómotkh reHepaTopa, cmkocth iiihh 
hjih Kaóeaeft, cocahhhiomhx ero c TpaHC<i>op- 
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MaTOpOM, H eMKOCTH nepBHHHOft OÓMOTKH TpaHC- 

4)opMaTopa. 

npH MeTaji^iHaecKOM 3aMUKaHHH Ha 3eMaio 

bo BHeniHefi ceTH, HMeiomeň HyaeByio TOHKy 
H30^IHp0B3HH0H HJIH 3a3eMAeHH0ft Hepe3 BblCOKO- 
OMHoe conpoTHBJíeHHe.TOK I c onpeAeaaeTca Ha- 
npaaceHHeM HyaeBoň nocaeAOBaTeAbHocTH, paB- 
HbiM noaHOMy <f>a3HOMy HanpaaceHHio U^. e bto- 
pHHHofi CTopoHbí TpaHC(j>opMaTopa: 


Ic — 


U. 


<f>. 0 


Z H - 


(X,l) 


óa )C V 


3o>C 


3<í>C v 


- HyaeBaa Toaxa reHepaTopa h, caeAOBaTeabHo, 
ero <Í>a3bi noayaaiOT npn, 9T0M no OTHOmeHHK) 
k 3eM^e CMemeHHe: 


í/. = -/c- 


3 tůCv 


Z H 


3mCy 


U 0.e 

j * (X,2) 

C 3<ůCZ h 

IlpaKTHHecKHň HHTepec npeACTaBJíaeT Bean- 
hhh 3 CMemeHHH, BHpaMceHHaa qepe3 4>a3Hoe Ha- 
npaHceHHe reHepaTopa, paBHoe HanpaaceHHio 
nepBHHHOfi OÓMOTKH TpaHC^OpMaTOpa U 0 ,„. 

npH K09(J)HUHeHTe TpaHC4)OpMaUHH TpaHC(Í)Op- 

u$.» 

MaTopa n U0. n = —— , 

U * - či — - 1 - n ' u ** ( X « 3 > 

i j.—— _ J - __ 

C 3wCZ h 

BbipaMceHHe (X,3) noKa3biBaeT, hto CMemeHHe 
í/ 0 TeM óo^bme, neM MeHbme eMKocTb chctcmm 
reHepaiopHoro HanpaHceHHa C s . EMKocTb 3 C 

Me*Ay OÓMOTK3MH TpaHCíJjopMaTOpa npHMepHO 

paBHa 0,01 MF [JI. 1]. Emkocth Cs qacTO ÓHBaiOT 
HeBeJIHKH, COH 3 MepHMbI C C. ConpOTHBJíeHHH Z H 
HMeioT óojibuiHe 3HaaeHHH h cymecTBeHHO chh- 
3 HTb U 0 He MoryT. ÍIosTOMy b CHCTeMe (|>Hr. X,1 
npH OAHO([)a3HbIX 3aMbIK3HHHX H3 3eMJIK) BO BHeUI- 
Heň ceTH bo3moh£ho b pa^e c^yaaeB noaBJíeHHe 
CMemeHHH, He toíimco TpeóyiomHXoHeAonyCTH- 
Moro 3arpyóvieHHH 3amHTM, ho h npeACTaB^aio- 
UJHX OnaCHOCTb A-ÍH ne^OCTH H30AHIXHH OÓMOTOK 
CTaTopa. 

JIjIH CHHHCeHHH Be^HHHHbl CMemeHHH AO AO- 
nyCTHMOft BeflHHHHbl, 3a KOTOpyiO OÓblHHO npn- 
HHMaeTca 10% <J)a3Horo HanpaaceHHH reHepaTO- 
pa, HyjieByro TOHKy reHepaTopa 3a3eM^aioT aepea 
aKTHBHoe conpoTHB^ieHne. 

AKTHBHOe COnpOTHBJíeHHe MOHCeT ÓbITb BKJIIO- 
aeHo bo BTopnaHyio nenb 3a3eM^aiomero TpaHC- 
4>opMaTopa (4>Hr. X,3) h^h HenocpeACTBeHHO 
MeacAy Hy^eBoň tohkoS: reHepaTopa h 3eMAeft 
(t[)Hr. X,4). 



Ha npaKTHKe, KaK npaBHJio, npHMeHaeTCH 
BTopoň BapHaHT, npnqeM b hcm bmccto peAe 
HanpaMceHHH HCnoAb3yeTCH MaKCHMaAbHoe toko- 
Boe peAe. 3tot BapnaHr noApoČHO paccMaTpHBa- 
eTca HHHte. CxeMa ace 4 )Hr * X,1 AonycKaeTca 
oďhhho TOJibKO aah arperaTOB c bhciuhm Hanpa- 
aceHHeM nOBHiuaiomero TpaHCcJjopMaTOpa ao 35 kV 
b Tex cayaaax, Korja BeAHHHHa U 0 AeacHT b ao- 
nyCTHMHx npe^e^ax. 



4 >Hr. X, 3 . BKJiiOHeHHe 3 kthb- 
Horo conpoTHBJíeHHíi na btophh- 
Hyio oĎMOTKy 3 a 3 eMJiaioiuero 

TpaHCíjjopMaTOpa ann CHHAiemiH ‘Pht. X,4. T oko Basi 3 a- 
BeaHHHHu CMemeHHii Haňpaace- mma ny^eBoň nocjieaoBa- 
hhíI Ha reHepaTope npa npH- TejibHOCTH ot 0 iřH 0 (j*a 3 Ubix 
MeHeHHH a jih Hero 3 am,HTbi ot 3 aMHi<aHHH Ha 3 eMJiio. 
3 aMbiK 3 HHH Ha 3 eMjno nocpeA- 
ctbom peae HanpsíHceHHH. 

Ha <|)nr. X ,4 npHBeAeHa npmmnnHa.nbHaa cxe- 
Ma, HcnoAb3yromaa rjir paóoTu pe^e tok Hy^e- 
BOň noc^eflOBaTe^bHocTH. Hy^eBaa TOMKa reHe- 
paTopa 3a3eMAaeTca aepe3 3 kthbho 6 conpoTHBe 
A 6 HH 6 R 3 . Ero Be^aqHHa noASapaeTCa tbkhm 
o6pa30M, aTOóbi C03AaTb tok •Žamax) AOCTaTOHHblft 
Rjia 3am,HTbi Heočxo^HMoro npoueHTa bhtkob 
npk AonycTHMOň BeAHHHHe U 0 . 

noc^eaoBaTejibHO c conpoTHBjíeHHeM b uenb 
3a36MJI6HHH BKAIOHaeTCa H3MepHTeAbHblft TpaHC- 
(j)OpMarOp TOKa C K09<}>HUHeHT0M TpaHCí^OpMaUHH 
5 

n m =-^-— 1. K 3aacňMaM ero BTOpHHHOň oómotkh 

npHCoeOTHaeTca MaKcníaaAbHoe pe^e TOKa Mmo- 
BeHHoro AeftcTBHH. TpaHc<t>opMaTop TOKa cayacHT 
RJIH H30J13U.HH BTOpHMHblX TOKOBblX Ueneft 3amH- 

th ot nepBHHHÓft uenH bhcokoto HanpaaceHHri 
h M3 y^očcTBa ocymecTBAeHHa noABOAa TOKa 
k peAe, pa3MemaeMOMy očhhho cobmcctho c 
A pyrHMH peAe 3amHTM ct3huhh Ha cneunaabHOM 
pe^eftHOM mHTe. 


3am,HTa ot OAHo4>a3Hbix 3aiwbiKaHHfi Ha 
3eMAK> npH H3AHHHH OTBeTBJíeHHfl. npH H3AH- 
hhh y arperaTa OTBeTBAeHHa Ha reHepaTOpHOM 
HanpaaceHHH Ha TpaHc<|)opMaTOp (<j)Hr. X,5) 3 a- 
XHHTa reHepaTopa ot OAHO(|)a3Hhix 3aMbiKaHnft 
Ha 3eMJiio npnHn,nniiajibHO BbinoAHaeTca ran ace,, 
KaK H npH OTCyTCTBHH OTBeTBAeHHH, T. e. npHMe- 
HaeTCa TOKOBaa 3amHTa HyAeBoň nocAeAOBaieAb- 
HOCTH ($Hr. X,4) 



nocpeacTBeHHo Ha 
<t>ar. X, 5 . Arperar uihhu renepaiop* 

c OTBeTBJíeHHeM na Horo nanpsiiKeHHH. 

TpaHCíj)opMaTop. 

B tom CAyqae, Kor^a TpaHC<|>opMaTop otbct- 
BAeHHH HMeeT co CTopoHu reHepaTopHoro Ha- 
npaaceHHH aBTOMaTHaecKHň BbiKAioqaTeAb, sts 
3auiHTa AOAacHa npH cpaóafHBaHHH OTKAtoaaTb 
ero b nepByio oaepeab. Tor^a 3aMbiKaHHa Ha 
3eMJiio Ha reHepaTOpHOM HanpaaceHHH 3a bwkjiio- 
qaTeJieM oTBeTB^eHHa 6yRyr OTK^ionarbca ceaex- 
thbho, c ocTaBAeHHeM arperaTa b paĎOTe. ' 

Ecrh nocjie OTKJiioqeHHH OTBeTBAeHHH 3aMbi- 
KaHne Ha 3eMAio He ^HKBH^HpyeTCH, 3amHTa mo- 
aceT AeflcTBOBaTb Ha oTKAioqeHHe Bcero arperaTa. 

ílpH HajiHMHH y arperaTa OTBeTBJíeHHH Heno- 
cpeACTBeHHO Ha iiiHHbí reHepaTopHoro Hanpaace- 
hhh ( 4 >Hr. X,6) 3am,HTa FenepaTopa ot OAHo$a 3 - 
Hbix 3aMbIKaHHH Ha 3eMJIIO BbinO^HHeTCH, KaK H 
c^yqaeB ero paóoTH Ha uiHHbí reHepaTop- 
Horo HanpHHteHHH (ra. VIII). 

3. ITAPAMETPbl TOKOBOft 3AIii,HTbI HyjlEBOÍÍ 
nOCJlEflOBATEJlbHOCTH 

Tok TpOraHHH. npH OTCyTCTBHH 3 aMHKaHHa 
Ha 3eMAio b 3amHutaeMofi 30He qepe3 TOKOBoe 
pe^e MoryT npoTeKaTb tokh, onpeae^aeMHe 
HaJIHHHeM eMKOCTH C MeaCAy OSMOTKaMH TpaHC- 
4>OpMaTOpa H OTKAOHeHHeM <J)OpMbI KpHBOft (J)a3- 
Hbix HanpaaceHHťí reHepaTopa ot CHHycoHAbi. 

Tok /c, onpeAeAaeMuň HaAHHHeM cmkocth 
MeacAy o 6 motk 3 mh TpaHC<|>opMaTOpa, B03HHKaeT 
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npH 3aMbiKaHHHx Ha 3eMAio Ha btophhhoA cto- 
poHe TpaHCcJ)opMaTopa. BeAHHHHa Ic MoaceT óbrrb 
BbíMHCJieHa c noMouibio cxeMH 4>Hr. X,2 h Bbipa- 
>KeHHfl (X, 1), eCJIH B HHX BMeCTO Z H nOflCTaBHTb 
BejiHHHHy aKTHBHoro 3a3eMJiaioiii,ero conpoTHB¬ 
AeHHH R 3 . 

Emkocthoc conpoTHB^ieHHe m m ^ c MeacAy 06- 

MOTK3MH TpaHC(J)OpMaTOpa ČbtBaeT OÓblHHO AO- 
CT3TOHHO ÓOAbUIHM nO CpaBH6HHK> C BeAHHHHa- 

1 


1 7 

3 1 m 


MH R a H 


3 iůC v 



30JC 


<J>hi\ X, 7. CxeMa 3aMemeHHsi ny- 
jieBOii nocaeAOBaTeabHocTH juih 
npoxoacAeHHa tokob tpohhoíí ia- 

CTOTH. 


nosTOMy npH- 
ČÍAHHCeHHO 

I c =3k 1 (ůCU oe , (X,4) 

fAe k x — K09(})HUH- 
eHT, yHHTHBaiO- 
mHň pacnpeAeAe- 
hh 6 Hanpaace- 
hhh HyAeBoň no- 
CAeAOBaTeAbHOCTH 
BAOAb 06 MOTOK 
TpaHC(j)opMaTopa. 

EcAH BTOpHHHaH 
OĎMOTKa TpaHC* 

4»opMaTopa npnco- 

eAHHeHa k chctb- 

Me C M3AbIM TOKOM 33MbIKaHHH Ha 36MAK), BCAH- 

hhh 3 HanpaMceHHH HyAeBoň nocAeAOBaTeAbHOCTH 
ocTaeTCH npHMepHO OAHHaxoBoft bo Bcex TOHKax 
CHCTeMH, nOSTOMy ž,sal. * 

Ecah HyAeBaa TOnxa BTopnaHoň očmotkh 
T paHC^opMaTopa 3a3eMAeHa HarAyxo, Hanpaace- 
Hae HyAeBoň nocAeAOBaTeAbHOCTH b Hefi paBHo 
Hyjiio; b 9tom CAyaae k x <i 1 (~0,5). 

Tok Ic , HanpaBAaacb aepe3 eMKocTH C, pa3- 
AeaaeTca AaAee Ha ABe aacTu, oAHa H3 kotopux 
hact aepe3 conpoTHBAeHHe R 3 , a Apyraa aepe3 
eMKOCTb Cs . 

npH coeAHHeHHH MomHoro reHepaTopa c TpaHC- 
<J)OpMaTOpOM KaČeAHMH eMKOCTHOe COnpOTHBAe- 

MOacet ČbITb OTHOCHTeAbHO HeÓOAb- 


Hne 


3 co C 


E 


U1HM, COH3M6pHMbIM C R a \ T[09T0My B OÓmeM 
cayaae CAeAyeT cnHTaTb, hto aepe3 conpoTHBAe- 
HHe Ra , a CAeAOBaTeAbHo, h aepe3 ToxoBoe 
peAe, BKAioaeHHoe nocAeAOBaTeAbHO c hhm no- 
cpeACTBOM TpaHCíJiopMaTopa Toxa, hact tok 
k 2 Ic, TAe K094)HUHeHT k 2 < I [JI. 2]. 

BTopaa CAaraiomaa tokob b peAe npH OTcyT- 
ctbhh noBpeacASHHH b , 3aiuHmaeMoň 30He onpe- 
AeaaeTca oTKAOHeHHeM cjjopMbi KpHBoň HanpaHte- 
hhh reHepaTopa ot CHHycoHAbi [JI. 3], 

no HOpMaM 9TO OTKAOHeHHe B AHHeftHbIX Ha- 
npflaceHHHx He aoaacho npeBoexoAHTb 5 %. /Ua 
$a3Hux HanpaaceHHfi oho He HopMHpoBaHO. 

OTKaoHeHHe. 4*°P MU xpHBOň HanpaxceHHa 
oóaaHO yBeAHHHBaeTca c B03pacTaHHeM Harpy3KH 
reHepaTopa 3a caeT peaxunH axopa h HexoTopux 
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ApyrHX 4>3KTOpOB. BOAee CHAbHO 9TO CKa3bIBa- 
eTca b MaiiiHHax c hbho BbipaaceHHbíMH noAiocaMH 
(rHAporeHepaTopax). 

BwcuiHe rapMOHHaecKne CAararomne 4 )a3HbIX 
HanpaaceHHft reHepaTopa, He KpaTHbie TpeM, hb- 
ahiotch HanpaaceHHaMH noAOJKHTeAbHoit hah ot- 
pHuaTeAbHoů nocAeAOBaTeAbHOCTeft h nosTOMy 
He co3AaroT Toxa b penn 3a3eMAeHHa HyAeBoň 
tohkh reHepaTopa. 

Oiararomne TpoňHoň h xpaTHOň TpeM aa- 
CTOTbl HBAHIOTCH HanpaHCeHHHMH HyAeBOft nocAe¬ 
AOBaTeAbHOCTH, coBnaAaioT b Tpex t[)a3ax reHe- 
paTopa no <|)a3e h co3AaioT tok b conpoTHBAe- 
HHH JRa H peAe. 

B nepBOM npHÓAHAteHHH AOCTaToaHo yaecTb 
TOAbKO TOK TpoflHOft aaCTOTH. Rflfl HerO eMKOCT- 
Hbie conpoTHBAeHHH KaacAoS 4>a3H nenH reHepa- 
TopHoro HanpaaceHHa b Tpn pa3a MeHbnie, aeM 

AAa OCHOBHO0 rapMOHHKH, H paBHbl -g-"^ - . 


CorAacHO cxeMe 3aMemeHHH HyAeBoň nocAe¬ 
AOBaTeAbHOCTH (<|>Hr. X, 7) TOK TpO0HOň aaCTOTH 
B ConpoTHBAeHHH R a 


3 U, 


nS 




(X.5) 


r^e U nB — TpeTbH rapMOHHKa HanpH)KeHHfl. 


npH HeCHMMeTpH^HHX nOBpeiKfleHHÍIX B KpHBblX 4>a3HbIX 
HanpHMceHHň reHepaTopa hohbjihiotch flonojiHHTejibHbie He- 
HeTHHe rapMOHHKH, B HaCTHOCTH. TpeTbH h KpaTHbie TpeM. 
npH B03HHKH0SeHHH, HanpHMep, 33MbIKaHHH MeHCAy AByMH 
(J)a3aMH nyjibCHpyiomee none peaxuHH hkoph pa3JiaraeTCH 
Ha flBa, BpautaiomHxcH b npOTHBono/ioHCHbie ctopohu co 
CKopocTbio co. Flojie, BpamaiomeecH chhxpohho c noJieM 
pOTopa, He HH^yKTHpyeT b noc/ie^HeM hhk3Khx 9. a. c. 

flojie; BpamaiomeecH b CTopoHy, npoTHBonojioxcHyio 
BpameHHio pOTopa, nnsyKTHpyeT b nocjieaHeM 9. a. c., a 
caeaoBaTeJibHo, h tokh jieohhoS qacTOTH. MarHHTHHH noTOK, 
C03^aBaeMbIH 9THMH TOKaMH, HHflHKTHpyeT B CTaTOpHOH 06 - 
MOTKe 9. C. TpOHHOH qaCTOTbl. 

9th BbicuiHe rapMOHHHecKne b kphboh HanpnxceHHH 
reHepaTopa b npOTHBonojioxcHOCTb paccMOTpeHHbíM BHine 
HBJIHIOTCH HanpHJKeHHflMH nOJIOHCHTejIbHOH nOCJieAOBaTeJIb- 
hocth. 3to TaKHe xce $ a3HHe HanpHHceHHH, c^BHHyTwe Apyr 
OTHOCHTejibHo flpyra Ha yr;ibi b 120 9JieKTpnqecKHX rpa,ay- 

COB, KHKHe HHJiyKTHpOBaJIHCJb 6bl B CTaTOpHOfi OĎMOTKe 
reHepaTopa npn BpameHHH eFo pOTopa co CKopocTbio, 
B TpH pa3a OojlbUieH HOMHHaJIbHOň. 

Kax HanpHxceHHH nojioxcHTejibHOH nocjieaoBaTe/ibHocTH 
ohh He coaaaioT Tona b uenn pejie. 


JXj ih oóecneneHHH ce^ieKTHBHoro aeňcTBHH 
paccMaxpHBaeMoň 3amHTU tok TporaHHH toko- 
Boro pejie I p . m 6biTb óojibiue MaKCHMajib- 

Horo TOKa, KOTopbift MOJKeT nepes Hero npoxo^HT 
npn HopMajibHOŘ paóoTe reHepaTopa h noBpeac- 
AeHHHX Ha BTopHHHoft CTOpOHe TpaHC(j)opMaTopa. 

3tot tok b o6meM c^ynae CKJiaAbiBaeTCH 
H3 AByx cjiaraeMbix TOKa k 2 Ic* onpeAeJiHeMoro 
HaJIHHHeM eMKOCTH MeMCAy OĎMOTKaMH TpaHC(f)Op- 
MaTopa, h TOKa / m , onpeAeJigeMoro BbicuiHMH 
rapMOHHKaMH b HanpHHceHHH reHepaTopa: 

n+'i. (x.6) 



BejMHHHa Ip.m ycTaHaB^HBaeTca o6uhho npa- 
MepHO b npeAejiax 0,3 — 1 A. 

Bbi^epHfKa BpeMSHH. npHHUHriHajibHO 3amHTa 
MoaceT ÓHTb Bbino^HeHa MrHOBeHHOJneftcTByio- 
meft. npHHHMaflf, OAHaKO, BO BHHMaHHC B03M0HÍ- 
HocTb noflB^ieHHfl b peae noBHmeHHbix tokob, 
nanpHMep, b HaMa^bHbie MOMeHTbi ckbo3hhx ko- 
POTKHX 3aMbIKaHHň, Be^IHMHHbl KOTOpHX He noA- 
AaioTca pacqeTy h o6hhho He MoryT dbiTb 3aMe- 
peHbí npH HajiaAKe 3am,HTH, nocaeAHaa aacTO 
CHa6>KaeTCH BbiAepacKoň BpeiweHH nopaAKa 0,5 cen. 

J i <řnr. X, 8. rpa^HíeCKoe oripeflejiemie MepTBoft 3ohu 
9 TOKOBoň 3ainHTbi HyjieBoS nocJieflOuaTe;ibHOCTH. 



3amHiuaeMaa 30Ha. B 3amHin,aeMyio 30Hy 
bxoaht oĎMOTKa CTaTopa reHepaTopa, Kaóejm 
hjm mHHbí, coeAHHaiomHe ero c TpaHC(})opMaTO- 
pOM, h nepBHHHaa o6motk3 TpaHC<j>opMaTopa. 

no npHHUHny CBoero AeftCTBHH 3amHTa He mo- 
aceT 3aiHHTHTb BCe 100% BHTKOB OÓMOTKH 
reHepaTopa, Tax xaK tok I 3 , npoxoAamHft aepe3 
3a3eMAaiomee conpOTHBAeHHe, no Mepe npHdJiH- 
aceHHa MecTa noBpeacAeHHa k HyjieBoň Toaxe 
reHepaTopa yMeHbuiaeTca ao Hy^a. 

BeAnaHHa MepTBOž 30Hbi 3antHTbi, npn no- 
BpeacAGHHH b npeAeAax kotopož OHa OTKa3HBaeT 
b AeftCTBHH, H3MepaeTca AO^efl He3amHmeHHbix 
bhtkob « T , caHTaeMbix ot HyjieBož tohkh reHe- 
paTopa. 

BejiHaHHa MepTBOž 30 hh onpeAe^aeTca, ncxoAa 
H3 cjieAyromHx coodpaHceHHŽ:' 

Tok b MecTe noBpeacAeHHa, npoxoAamHft 
aepe3 3a3eM^aiomee conpoTHB^eHHe R 3 h pe^e, 

/ *=tr-TÍ É -' ,/ -- ‘ x ' 7 >’ 

TaxHM oópa30M tok I 3 H3MeHaeTca npaMO 
nponopuHOHaflbHO AOJie 3aMKHysoiHxca bhtkob. 
Ha <j)Hr. X, 8 oh H3o6paaceH noaTOMy b bhac 
npjwož, npoxoAaweň aepe3 Hana-ao koopahh3t. 

Tok TporaHHa I p . m He 33 bhcht ot aoah 3aM- 
KHyBuiHXca bhtkob h noaTOMy Ha tož xce AHa- 
rpaMMe HaodpaxceH b bhac npaMož, napa^eab- 
HOŽ OCH aÓCUHCC. 

Aoaa hjih npoueHT He3amHmeHHHx bhtkob, npe- 
Hedperaa BbicniHMH rapMOHHaecKHMH Toxa b peae, 
onpeAeaaeTCa tohkož’ nepeceneHHa npaMux 
/ 3 H Ip.m • 


AHaAHTHaecKoe BHpaaceHHe ajih «*■ noayaaeTca, 
ec^iH b BbipaaceHHH (X, 7) I 3 npHpaBHaTb l p . m . 
TorAa 


a x % — 


i l P- m ' n m 

I 3 max 


BeAHHHHa 3a3eM.715uoiH.ero conpoTHB^ieHHa 


R 3 


I 3 max 


(X,9) 


KaaecTBO bchkož samHTH ot 3 aMHKaHHŽ Ha 
3eMAio xapaKTepH3yeTca npeacAe Bcero tcm Max- 
CHMaAbHHM TOKOM 3aMbIK3HHfl Ha 36M.7IIO / 3ffl ax> 
KOTopufl HeodxoAHMO C03Aaib atih oóecneneHHH 
onpeAe^ieHHoro npoueHTa 3amnmeHHbix bhtkob 
(100 — a*) % , hah npoueHTOM 3auiHEueHHbix bht¬ 
kob, noAyaaeMbiM npH a^hhom TOKe / 3m ax. 

PaccMaTpHBaeMaa cxeMa aB^aeTCa b stom 
OTHO meHHH 3H3HHTe^IbHO ÓOAee nOAHOHeHHOÍi, 

neM 3am,HTa MaKCHMaabHOfl mohíhocth HyjieBoft 
nocAeAOBaTeAbHOCTH c KOMneHcaiweň Toxa He- 
da^aHCa, npHMeHaeMaa a^ih reHepaTopoB, pa6o- 
Taiomnx HenocpeACTBeHHO Ha hihhh reHepaTop- 
Horo HanpflxceHHH (ra. VIII, §15). 

rioaTOMy ee Hcnojtb30BaHHe póuhho AaeT 
B03M0ACH0CTb oóecneHHTb npn Hedo^buioM Hcxyc- 

CTBeHHO C03A3HHOM TOKe / 3 max TaKOň npOHeHT 
3amHmeHHHX bhtkob, npn kotopom noBpe*Ae- 
hhh b MepTBoň 30He conpoBoxcAaioTCH HanpH*e- 
hhhmh no OTHomeHHio k 3eM^ie, He npeBoexoAfl- 
iahmh 500 V (cm. rfl. VIII, § 11). 

Tax, HanpHMep, a^ih reHepaTopa c HOMHHajib- 
hhm HanpHAceHneM 10,5 kV AonycTHMwft HpoAeHT 

500-100 - 

He3amHmeHHMx bhtkob «*•=-^=.ss 8 %. He- 

10 500/ 3 

odxoAHMuň a-íih no^yHeHHH 100 — 8 = 92 % 3a- 
mnmeHHHx bhtkob tok / 3max coMacHO (X,8) npn 
n m =* 1 H ip.m — 1 A paBeH /amax**^^ A. 

npH. noBpeacAeHHHx xade^eň hah omh, co- 
eAHHHioniHX reHepaTop c TpaHC(J>opMaTopoM, h 
nepBHHHOň oómotkh TpaHCťJjopMaTopa cneiiHaab- 
Hbix TpeÓOBaHHň K HyBCTBHTeflbHOCTH 3aiAHTbI 
He npeAííHBflHeTCH, TaK KaK OHa, dyAy^H pac- 
CHHTaHa Ha doAee THace^iuň c^viaft — 3auiHTy 
CTaTopHOft oómotkh, npH Apyrnx noBpexcAeHHflx 
0Ka3biBaeTCH BcerAa aoct3tohho qyBCTBHTe^b- 

HOň. 

TpaHC<i)opMaTop arperaTa o6uhho HMeeT nep- 
BHHHyiO OÓMOTKy COeAHHeHHOň B TpeyrOJIbHHK. 
Hh OAHa H3 TOHeK aTOfl OÓMOTKH He HMeeT no 
OTHOHieHHIO K 3eMíie HanpHJKeHHH, paBHOrO HyjHO. 

MHHHMajibHoe 3HaqeHHe stoto HanpHxteHHH, 
paBHoe noAOBHHe 4>a3HOro (0,5 ř/^.n), hmciot 
tohkh, pacnofloxteHHbie b cepeAHHe o6motok 
OJwr. Vlil, 47). 

noaTOMy ycTaHOB^ieHHaH Ha reHepaTope arpe- 
raTa 3amHTa ot OAHO(])a3Hbix 3aMMKaHHfl Ha 3eMAio 
AOAACHa 3amHuiaTb Bce 100 % bhtkob oďmotkh 
T paac^>opMaTopa, coeAHHeHHoft b Tpeyro-abBHK. 

331 




B HeKOTopfaix, oAHaKO, cjiyqaax ocymecTBJíeHHe 3amHTbi 
b paccMOTpeHHOM BunojmeHHH BCTpe^aeT 3aTpyAHeHHH. 
Tax, HanpHMep, MoaceT 6 mtb, Kor.ua reHepaiop, HMeiomHH 
3HaqHTejibHbie cjiaraiomne TpouHOH h KpaTHon TpeM qacTOTM 
b kphboh 4>a3Horo HanpííHceHHfl, coejiHHeH c TpaHC<j>opMaTO- 
pOM KaÓeJIHMH CO CpaBHHTeJIbHO ÓOJIbUIOŽ eMKOCTbK) no OT- 
HoineHHio k 3eMJie. 

fljIH OTCTpOHKH OT nOBblUieHHblX 3Haq6HHH TOKOB BMCUIHX 
rapMOHHweciaix noBNinaeTca tok xporaHHH 3amnTbi ip. m. 
JXjih / o6ecneqeHHH HeoóxoflHMoro nponeHTa 3an^HmeHHbix 
bhtkob b cooTBeTCTBHH c (X, 8) yBejiHqHBaeTCH I 3 max, no- 

cpe^CTBOM yMeHbineHHfl R 3 . 

OflHaKo npoueHT He3amnmeHHbix bhtkob a x He coKpa- 
maeTca npn stom cooTBeTCTBeHHO R 3t TaK KaK npn yMeHb- 
meHHH R 3) KaK to cjieayeT H3 (X, 5), B03pacTaeT tok l m Tpoft- 



Oht. X,9. SjíeKTpoMar- 
HHTHoe pejie c jonojiHH- 
TeflbHOH 0ČM0TK0H, 33MK- 
HyTOH Ha KOHfleHCaTOp AJIH 
ycTpaHeHHH bjihhhhh Ha 
ero paóoTy tokob bmc- 
iuhx rapMOHHK. 


HOH qaCTOT.H, H nOSTOMy 
npHXOflHTCH AOnOJIHHTeJIb- 
ho noBbiinaTb ip. m . 

Cnocoóbi noBbíme- 
HHfl qyBCTBHTeJIbHOCTH 
3am,HTbi. CymecTByiOT 
cnocoÓN, yMeHbinaiomHe 

HJIH nOUTH nOJIHOCTblO 

ycTpaHHiomHe bjihhhhc 

BMCUIHX rapMOHHK TOKa 
Ha paóoTy 3amHTM. 

riepBblM H3 HHX HB- 
juieTCH Hcnojib30BaHHe 
pa 3 MarHHqHBaiome 8 06 - 
motkh, pa3MemaeM0H Ha 
MarHHTonpoBOAe sjíeKTpo- 
MarHHTHoro TOKOBoro pe* 
jie ((J>ht. X, 9). 


tfacmom- 

HblŮ 

0LUibřhp 


<$nr. X,10. ycjioBHoe 
H3o6panceHHe tokoboS 
3amHTbi HyjieBoft no- 
cjie^OBaTejibHOCTH c 

BbIKJIK)q6HH6M peJie 
qepe3 cj)HjibTp,oT(}>HJib- 
TpOBblBaiOmHň TOKH 
BblCHIHX rapMOHHK. 


3tH (|)HJIbTpM, B OCOÓeHHOCTH ÓOJiee 7 COBepHieHHbie H3 
HHX no OT(f)HJIbTpOBbIBaHHK) BMCUIHX rapMOHHqeCKHX, nojiy- 
qaiOTCH qaCTO flOBOJIbHO rp0M03,HKHMH. rioSTOMy HX npHMe- 
H6HH6 MOHCeT ÓbITb npH3HaH0 I*eJieC006pa3HbIM TOJIbKO B Tex 
CJiyqaax, Konia yMeHbineHHe 3a3eMJiHiomero conpoTHBjíeHHH 
R 3 He flaeT y^oBJíeTBopHTejibHbix pe3yjibTaT0B* 

4. CXEMbl 3AmHTbl OT 0flH04>A3HblX 3AMbIKAHHH 
HA 3EMJHO 

ArperaT 6es OTBeTBjíeHHH Ha reHepaTopHOM 
HanpH>KeHHH. npHMeHaeTCH tokobah 3amHTa Hy- 
jieBOň nocjie^OBaTe^bHOCTH ((Jmr. X, 11). 

TpaHC(})opMaTop TOKa, npe^Ha3Ha- 
HeHHUfi RJlft 3aiUHTbI, MOHCeT BKJIIO- 
naTbCH Menc^y conpOTHBJíeimeM h 3eM- 
Jiefi, Kan noKa3aHO Ha (Jwr. X, 11, hjih 
M eamy HyjieBofi toh- 
Kofi reHepaTopa h 

COIipOTHBJíeHKeM* 

/ B noc^e^HeM cjiy- 
nae 3amHTa 6y.neT 
HežCTBOBaTb h npn 

HBOHHbIX 3aMbIKaHHHX 
Ha 3eMJiio, Kor&a 
ojxno H3 MecT no- 
BpencAeHHH Haxo^HT- 
ch b 3a3eM^niomeM 
COnpOTHBJíeHHH, a 
jxpyroe b uenn reHe- 
paTOpHoro HanpnkeHHH. O^Hano 
npH óojibniHX TOKax noBpeagieHHH 
TpaHC(})opMaTop TOKa b uenH 3a- 
3eM^eHHH, HMeiOmHfi nepBHHHblň 
HOMHHaJIbHbIH TOK 5 — 10 A, MOHCeT 
no^ynHTb noBpeHc^eHHe. 

TaK KaK b paccMaTpHBaeMOM 
c^ynae AO^ncHa ^eftCTBOBaTb 
ycTaHaBJíHBaeMan oóbihho Ha ar- 
peraTax npoAOJibHan 
aHťjjepeHUHajibHaa to- 
KOBan 3amHTa, TpaHC- 
^opMaTOp TOKa na- 
me ycTaHaBjíHBaeTCH, 



— H npomuóo- 
nojtcapHOMy 
ycmpoúcmótf 


4>nr. X,ll CxeMa tokoboh 3amHTM 
HyjieBoň nocjieAOBaTejibHocTH. 


B uenb oómotkh BKJiioqeH KOHneHcaTop cmkoctbio C. 
fljIH TOKOB HOpMaJIbHOH qaCTOTbl erO COnpOTHBJíeHHe 

AOCTaToqHo BejiHKo h pa3MarHHqHBaiomee fleficTBHe 

3T0ft OÓMOTKH MaJIO. 

fljIH BMCUIHX rapMOHHK TOKa c «-KpaTHo8 qaCTOTOH no 
OTHOUieHHK) K HOpMaJIbHOH COnpOTHBJíeHHe KOHAeHCaTOpa 
yMeHbmaeTCH b n pa3. 

fleňcTBHe pa3MarHHqHBaiomeH oómotkh cooTBeTCTBeHHO 
yBejiHqHBaeTCH^ 3a cqeT B03pacT3HHH b Hen TOKa. 3 thm 
b 3HaqHTejibHOH Mepe ocjiaójiqeTCH BJiHHHHe bmcuihx rapMO¬ 
HHK TOKa Ha paóoTy pejie. 

PaccMOTpeHHNH cnocoó, KaK He TpeóyiomHH HHKaKoro 
yCJIOXCHeHHH exeMM 3anJtHTbI, MOHCeT 6bITb peKOMeHAOBaH 
k npHMeHeHHio bo Bcex cjiyqaax, Kor^a hmciotch pejie pac- 
CM 0 TpeHH 08 KOHCTpyKUHH. - 

ÉTopbiM cnocoóoM HBjíaeTCH BKjnoqeHHe TOKOBoro peae 
qepe3 qacTOTHMfí ^HJibTp (cpHr. X, 10) toto hjih HHoro Tuna, 
OT(j)HJlbTpOBMBdK)inHH BblCUIHe rapMOHHKH TOKa H IlpOny- 
CKaiomHň qepe3 peae iiouth qHCTyio nepsyio rapMOHHKy TOKa. 


KaK noKa3aHO Ha 4>Hr. X, 11. 

EMKOCTHue tokh b CHCTeMe reHepaTopHoro 
HanpsHceHHH arperaTa BecbMa Manu. HcKyccTBeHHO 
" C03AaBaeMbie aKTHBHue tokh 3aMbiKaHHH Ha 3eM^rc> 
TaKHCe HeBe^HKH. riOSTOMy HeT OCOĎblX OCHOBa- 
hhA onacaTbca 6biCTporo nepexoj;a 0AH04>a3HHx 
3aMbiKaHHfl b MHoroiJ)a3HHe hjih CHJibHHx noBpexc- 
AeHHfl b MecTe npo6ofl h30jihuhh. 

B cbh3h c H3JioHceHHbiM 3amHTa arperaTa ot 
OJ lHO(J)a3HUX 33 MbIKaHHň Ha 3eMJIK) MOHCeT BbmOJI- 
HHTbca AefiCTByromefl hjih Ha OTKJHoneHHe hjih 
TOJ ibKo Ha CHrHaji. PaóoTa 3amHTbi Ha CHrHaji 
MoaceT ó&iTb HeoóxoAHMa b Tex cjiynaflx, Koraa 
OTKJiioqeHHe arperaTa mohcct npHBecTH k HeAo- 
nycTHMož neperpy3Ke ocTaiomefiča b paóoTe reHe- 
papyiomeft qacTH CHCTeMbt. 

ftpH paĎOTe Ha OTKJHoneHHe 3amHTa qepe3 
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suxoAHoe npoMexcyrowHoe peae AoaacHa AežCT- 
BOBaTb Ha BbiK^jonaTejib, aBTOMaT rameHHH TOKa 
h aBTOMaTHnecKoe npoTHBonoacapHoe ycrpožcTBO 
(ecan oho HMeeTca). 

3a3eMaaiomee conpoTHBaeHHe R a paccHHTbi- 
saeTca npn btom Ha KpaTKOBpeMeHHbiň tok I 3max . 
PacneTHaH AaHTeabHocTb 3Toro TOKa AoaacHa 
óbiTb 6oabine BpeMeHH cpaóaTUBaHHa 3ain,HTbi Ha 
nacTb BpeMeHH AeňCTBHa aBTOMaTa rameHHH noaa, 
nocKOJibKy npn btom tok aepe3 R 3 , nepBOHa- 
HaHbHO paBHbift I 3max , yMeHbmaeTCH b nponecce 
rameHHH. npHHnanaaabHO 6buio 6u AOCTaTOHHO 



4 >Hr. X, 12 . CxeMa tokoboh 3 auyiTH HyjieBofí nocjieaoBa- 

Te.lbHOCTH C AByMH BbljepiKKaMH BpeMeHH. 

nosTOMy Aaa pacqeTa conpoTHBaeHHH R 3 npHHHTb 
AaHTeabHOCTb TOKa / 3 max B HeCKOabKO CeKyHA, 
ho oĎecneaeHHH 6oaee yAofíHoft HaaaAKH h 
npoBepKH 3amnTbi b aKcnaoaTanaoHHbix ycao- 
BHHX OĎHHHO yBeHHHBBaiOT paCMeTHyiO AaHTeab- 

HOCTb 3TOro TOKa ao 20—30 ceK. 

npH aeůcTBHH 3amHTbi Ha cjarHaji 3a3eMaHio- 
mee conpoTHBaeHHe AoaacHo 6biTb paccaHTaHO 
Ha A^HTe^bHoe cymecTBOBaHHe TOKa / 3majE . 

ArperaT c OTseTBJíeHHeM qepe 3 TpaHC(J)op- 
MaTop c aBTOMaTHHecKHM BbiKJiioqaTejieM Ha 
reHepaTopHOM HanpaaceHHH. řípa AeficTBHH Ha 
carHaji 3amHTa BbinoAHHeTCH KaK h Aaa arperaTa 
Óe3 OTBeTBJíeHHH. 

npn AeftcTBHH Ha OTK^iioqeHHe OHa Tanace 
npeACTaBJíaeT cočoň TOKOByio 3anjHTy HyaeBOň 
nOCaeAPBaTeflbHOCTH, HO C AByMH BHAepaCKaMH 

BpeMeHH ($nr. X, 12). 


C MeHbineň . BMAepacKoň BpeMeHH t t = 
=•0,25—0,5 cea., ocymeeTBjíHeMOň nepBbm peae 
BpeMeHH, 3am.HTa AefiCTByeT ToabKO Ha oTKJime- 
HHe BHKaiOaaTeaH OTBeTBaeHHH. 

Ecan noBpeacAemie 6uao b uena reHepaTop- 
Horo HanpaaceHHH OTBeTBaeHHH, oho npa stom 
OTK aionaeTCH h arperaT ocTaeTca b paóoTe, Tax 
KaK TOKOBoe peae B03BpamaeTca b HopMaabHoe 
nOaOHCeHHe, pa3MHKaH CBOH KOHTaKTbI. 

Ecan noBpeacaeHae npoH30mao b raaBHoň uena 
arperaTa, to nocae OTKaioHeHHH OTBeTBaeHHH 
tok I 3 npoAoaacaeT npoxoaHTb aepe3 3a3eM- 
afliom.ee conpoTHBaeHHe, TOKOBoe peae AepacHT 
KOHTaKTW 3aMKHyTbiMH h pačoTaeT BTopoe peae 
BpeMeHH c BbmepacKoň BpeMeHH t 2 Ha CTyneHb 
A t 6oabmeň nepBoro: 

t 2 = t x -f- A£ = (0,25 — 0,5) cen. -{- 
-{-(0,5— 0,7) ceK. — (0,75 - 1,2) ceK. 

npn 3 tom 3aniHTa AeflCTByeT Ha oTKaioHeHHe 
raaBHoro BUKaiOHaTeaH, aBTOMaT rameHHH noaa 
h aBTOMaTHqecKoe npoTHBonoacapHoe yerpoftCTBo. 

KOHCTpyKTHBHO ABe BblACpHCKH BpeMeHH MoryT 
6uTb ocymecTBaeHbí Tanace oahhm peae BpeMeHH 
Tana 3B-186 X3M3, HMeiomaM ABe napu koh- 
T3KTOB c peryaapyeMUMH BpeMeHaMH cpadaTbi- 
B3HHH (CM. 4> Hr * IX, 3). 

ArperaT c OTseTBJíeHHeM HenocpeACTBeHHO 
Ha uiHHbí reHepaTopHoro HanpaaceHHH. B ash- 
hom cayaae tokob3h 3amHTa HyaeBOň nocaeaoBa- 
TeabHOCTH, KaK npaBHao, He MoaceT ČHTb acnonb- 
30BaHa, TaK KaK no npHůnany CBoero a60ctbhh 
OHa He OTJiaqaeT noBpeacAeHHň b arperaTe ot 
noBpeacAeHHfl b ApyrKx TOHKax chctcmm reHepa- 
TopHoro HanpaaceHHH. 

riosTOMy TOKOByro 3amHTy B03M0acH0 acnoab- 
30B3Tb TOabKO TOTAa, KOTAa BCe SJíeMeHTbl 
CHCTeMH reHepaTopHoro HanpnaceHHH HMeioT 

3aiAHTbI OT OAHO({)a3HbIX 3aMbIK3HHň Ha 3eMHK>, 
AežCTByiomHe Ha OTKaroqeHHe c HeóonbiiiHMH 
BbiAepatKaMH BpeMeHH Han npn HaanqHH OTBeT- 
BaeHHH, AonycKaiomero OTCoeAHHeHne arperaTa 

npH B03HHKHOBeHHH Ha 9TOM OTBeTBAeHHH 3aMbI- 
K3HHH Ha 3eMaiO. 

B ocTaabHbix cayaaHx 3am.HTy arperaTa ot 
3 aMbiKaHHft Ha 3eMaio ocymecTBaHioT TaK ate, xax 
reHepaTopoB, pa6oTaiomHX HenocpeACTBeHHO Ha 
mHHbí reHepaTopHoro HanpaaceHHH (ra. Vlil). 

3amHTa oóbRHO BunoaHaeTCH no cxeMe 
MaKCHMaabHofi MomHOCTH c KOMneHcanaeň Totca 
HeóaaaHca ((J)Hr. X, 13). 

HCKyCCTBeHHbIŮ aKTHBHHň TOK 33 MUKaHHH Ha 
3eMaio co3AaeTca 3a3eMaeHHeM HyaeBoň tohkh 
3amnmaeMoro reHepaTopa aepe3 conpoTHBae- 
HHe R 3 . 3to coxpaHaeT b AeflcTBHH peaeflHyio 
3amHTy h očecnenHBaeT 3 anuiTy ot nepeHanpa- 
aceHHž b Tex cayqaax, KorAa reHepaTOp 0Ka3H- 
BaeTca paóoTaiomHM c OTKaioaeHHbíM oTBeTBae* 
HHeM. 
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TpaHC^opMaTopH TOKa, coeAHHeHHbie b cxeMy 
TOJIbMrpHHa H C03^aK)lHHe T0pM03H0ft TOK npn 
3aMbiKaHHHx Ha 3eMJiio BHe 3amHmaeMOň 30 híj» 
AOJIHCHbl yCT3HaB^IHBaTbCH Ha OTBeTBJíeHHH, npH 
9tom b 3amHuxaeMyio 30Hy iiomhmo CTaTopHoft 
oďmotkh BK^iioHaroTCH coeiiHHeHHH MeacAy reHe- 
paTOpOM H TpaHC<fcopMaTOpOM 



nocpeacTBeHHo Ha ihhhh reHepaTOpHoro HanpmKeHHH. 

PadoHHň tok OTBeTBaeHHH HHoraa čbiBaeT 
MeHbiue HOMHHaabHoro TOKa reHepaTOpa. B stom 
cjiyaae TpaHCiJiopMaTopbi TOKa MoryT óbiTb bm- 
6paHH C HOMHHaabHHM nepBHHHHM TOKOM, MeHblllHM 
HOMHHaabHoro TOKa reHepaTOpa. 3to aaeT B03- 
MOJKHOCTb CHH3HTb BejIHHHHy C03AaBaeM0r0 I3 max, 
HeoóxoaHMoro ajih oSecneHeHHH 3aaaHHoro npo- 
HeHTa He3amHiu,eHHbix bhjkob oómotkh reHepa- 
Topa. 

npn OTKJIJOHeHHOM OTBeTBJíeHHH BejJHHHHa OT- 
KJimaioinero TOKa, noaaBaeMoro TpaHC(J)opMaTO- 
Pom HanpHxceHHH nepe3 AofíaBoaHoe conpoTHBjíe- 
HHe rd Ha pejie, He orpaHHHHBaeTca ycjioBHHMH 
CeJieKTHBHOCTH 3aUIHTbI. ťloSTOMy flJIH nOBblUieHHH 
ee ayBCTBHTejibHocTH aacTb conpoTHBjíeHHH ro myH- 
THpyeTca, b paccMaTpHBaeMOM pexcHMe, 6 jiok-koh- 
TaKT3MH OTKJIIOqeHHOrO BblKJIIOqaTeJIH OTBeTBJíeHHH. 
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5. OCOBEHHOCTH AH<l>EPEHU,HAJlbHOfl TOKOBOR 
3AIUHTbI ArPErATOB 

fljIH AeflCTBHH npH MHOro4)a3HbIX 3aMbIK3HHHX 
b CTaTOpHoS oÓMOTKe reHepaTOpa, Kačejmx hjih 
uiHHax, coeAHHHioui,HX reHepaTOp c TpaHctJjopMa- 
TOpOM H TpaHC<Í)OpMaTOp C UIHHaMH, a TaKJKe B 
TpaHCfJjopMaTope, Ha arperaTax, KaK npaBHjio, yc- 
TaHaBjíHBaeTCH npoAOJibHaa AH(}>epeHimajibHaH tg 
KOBaa 3am.HTa. 



MaTopa arperaTa. <}>opM3TOpa arpe- aaa reHepaTOpa. 

raia. 

ZXHcpepeHBHajibHaa 3amHTa MoaceT óbiTb bm- 
nojiHeHa očmeS .rum reHepaTOpa h TpaHciJiopMaTo- 
pa ((Jwr. X, 14). 

B03M03KHbI T3K5Ke BapHaHTbl yCT3HOBKH OT- 
AeJibHbix 3amHT ajih reHepaTOpa h TpaHccJjopMaTo- 
pa (c|)nr. X, 15) hjih OTAejibHoň 3amHTbi ajih reHe- 
paTopa h oóinefl AJia Bcero arperaTa ((Jmr. X, 16). 

B uejikx 3kohomhh pejieůHoro oéopyAOBaHHa 
HHOrAa AonycKaeTca ycTaHOBKa Ha arperaTax oa- 
hoS oóiuefi 3amHTbi. 

Heo6xoAHMo, OAHaKo, HMeTb b BHAy cjieAyio- 

mee: 

1) 3auiHTa arperaTa, BbinojiHaeMaa oóbiaHO KaK 
h 3aiu,HTa TpaHC^opMaTOpOB, HBJíaeTca MeHee ayB- 
cTBHTejibHofl h ébicTpOAeňcTByioiAefi, HeM OTAejib- 
Haa 3amHTa reHepaTOpa; 

2) TpaHCcJiopMaTop a Ji a 3aui,HTbi ot BHyrpeHiiHX 
noBpexíAeHHfl HMeer cneiiHajibHyio, AOCTaToaHO co- 
BepmeHHyio ra30Byio 3amHTy; y reHepaTOpa ah- 
4>epeHAHajibHaa 3amHTa, KaK npaBHJio, HBJíaeTca 
eAHHCTBeHHOň npH MHOrO(|)a3HbIX 33MbIKaHHHX. 
noaTOMy A Jia arperaTOB Sojimhoh moiahocth 
npeAnoiTHTeJibHbíMi HBJíaeTca BapnaHT c ycTaHOB- 
Koň OTAejibHofi AHcjiepeHAHajibHoň 3am,HTbi a Ji a 
reHepaTOpa. 



HcKjiioqeHHeM ajih t3khx arperaTOB MoryT 
HBJíHTbCH cjiynaH ycTaHOBKH reHeparopOB c pac- 
menjieHHHMH <J)a3aMH. Ohh CHadxaiOTCH nonepeq- 

HblMH TOKOBblMH AH(}>epeHUHaAbHbIMH 3 aipHT 3 MH OT 

bhtkobhx 3 aMbiKaHHň. 3th 3 amHTbi pearHpyiOT 
Taicxce Ha MHoro<|)a 3 Hbie 3 aMbiKaHHH, npaBAa, c He- 
KOTOpÓň MepTBOŘ 30 H 0 Ř (rjl. VIII, § 17). rípH HX 
npHMeHeHHH Bonpoc ycTaHOBKH Ha reHepaiopax 
OT^ejibHofi AH(J)epeHHHajibHoS 3 am,HTbi ct3hobhtch 
MeHee aKTyajibHHM. 



4>Hr. X, 17. OTjte.ihHbie ah- 
(J)epeHUHa^bHbie sammu ajih 
reHepaiopa h TpancíjsopMaTO- 
pa arperaia npn BKJircmennH 
hx ,ueno>iKOH“. 



<t>Hr. X, 18. Oótnaa Jui(})epen- 
UHaabHaa 3aiu.HTa arperaia h 
OTfleabHaa flHíjiepeHUHajibHaa 
3 amma reHepaiopa npH 
BKaioieHHH hx .iienoíKofi*. 


SedaBJíeHHfl ^jih 3amHT arperaTOB a jih Bcex cjiy- 
naeB HBjíneTCH b HacTOHHiee BpeMH eme HeaocTa- 
TOHHO npOBepeHHOfl, TaK KaK TpaHC^OpMaTOpbl HX 
BKjnoHaioTCH b padoTy nofliieMOM HanpHxceHHH Ha 
reHepaTOpax c HyjiH. IloaTOMy 3HaHHTejibHbie tojm- 
kh rfaMarHHHHBaiomero TOKa MoryT noHBjíHTbca 
TOJibKO nocjie oTKjiroqeHHH ckbo3Hhx kopotkhx 3 a- 
MblKaHHň, COnpOBOJKJiaBUIHXCH nOHHJKeHHeM Ha- 
npHHCeHHH. 



npH ycTaHOBKe Ha reHepaTope OTAeAbHoň ah- 
(JiepeHUHajibHoň 3 amHTbi uejiecoo 6 pa 3 HO BTopyio 
3 amHTy CAejiaTb odměň a jih Bcero arperaTa, Tax 
xax npn 3tom reHepaTop 0Ka3biBaeTCH CHad*eH- 
HblM AByMH 3 aiUHTaMH ((|)Hr. X, 16). 

B UejIHX 9 KOHOMHH TpaHC<j)OP'MaTOpO'B TOKa npH ocy- 
mecTBJíeHHH fleyx flHtjjepeHijHajibHbix 3 amHT arperaTa óbura 
npe^jioxceHbí hx BKjiioqeHHH «uenoHKOH» (<j>Hr. X, 17 h X, 18 ). 

Ha npaKTHKe sth cxeMbi pacnpocTpaBeHHH He TiojiyqHjm 
xax Hey^oÓHbie jujih SKCiuioaTaunH (Hejib3H, HanpHMep, inpo- 
BepHTb o^Hy H3 3aiHHT 6e3 íiepeKJHOHeHHH b uennx jjpyroH) 
h co3^aiomHe Heo^HHaKOBbie ycjiOBHH 3arpy3KH Tpaiřc<})ap- 
MaTopoB TOKa. nocjieAHee MonceT npHBOUHTb k cnjibHOMy 
yBejiHqeHHio tokob HeóajiaHca h, KaK cjie^CTBHe, 3arpy6jie- 
HHK) 3amHTH. 

Ha arperaTax c oTBeTBJíeHneM oóman AH(})e- 
peHUHajibHan 3amHTa AOjDKHa npHcoeAHHHTbCH k 
T peM rpynnaM TpaHC(j30pMaT0p0B TOKa (c})Hr. X, 19), 
npHqeM Koac})HijHeHT TpaHccJjopMamm TpaHC(})opMa- 
TOpOB TOKa OTBeTBjíeHHH flOJDKeH ÓbITb TaKOH &e, 
KaK y reHepaTOpa (cm. tji. IX, § 11). 

flHcJlepeHUHajibHbie 3amiíTbi TpaHC(})opMaTOpoB 
jyin npeAOTBpam,eHHH hx cpaóaTbiBaHHH npH toji- 
HKax HaMarHHqHBaiomero TOKa BbinojiHHiOTCH c Bbi- 
J3,ep^KKOH BpeMeHH HJIH CHaÓíKaiOTCH CneUHaJIbHbl- 
mh ójioKHpoBKaMH (rji. IX, § 13). yKa3aHHoe £e- 
jiaeTca h ajih arperaTOB. OÓH3aTejibHocTb sthx 


6. OCOBEHffOCTH 3AlUHTbI ArPErATOB OT 
CBEPXTOKOB 

fljin arperaTOB 6e3 OTBeTBjíeHHH Ha reHepa- 
TOpHOM HanpíDKeHHH 3aiIl,HTa OT CBepXTOKOB, 
OĎyCJIOBJíeHHblX CKB03HbIMH KOpOTKHMH 3aMbIK8HH- 
hmh, ocymecTBjííieTCH TaK >Ke, KaK ji,jih reHepaTo 
poB, paóoTaioiuHx Henocpe^cTBeHHo Ha niHHbí re- 
HepaTOpHoro HanpH^KeHHH: Hcnojib3yeTCH 3amnia 
MHHHMajIbHOrO HaiIpHHCeHHH C TOKOBOH ÓJIOKHpOB- 
koh, npHcoeAHHHeMan k TpaHecJjopMaTOpaM TOKa, 
ycTaHOBjíeHHtiM Ha BbiBOAax c})a3 reHepaTOpa k 
HyjieBOH TOHKe. 

npn HajiHHHH Ha arperaTe OTBeTBjíeHHH Ha 
nocjieAHeM ycTaHaBjíHBaeTch oTAejibHan 3amHTa ot 
CBepXTOKOB, oTKJiioqaiomaH arperaT ot noBpe>K£e- 
HHH Ha OTBeTBjíeHHH. 

OcHOBHyio 3am,HTy arperaTa BbinojiHHiOT b stom 
cjiyqae oóuqHo c ^ByMH BbiAep^KKaMH BpeMeHH. 
C MeHbíHeň Bbi^epHCKoň BpeMeHH oHa AeňcTByeT 
Ha BblKJIIOqaTeJIb CO BTOpHqHOH CTOpOHbl TpaHC- 
4)opMaTopa, ocTaBjíHH reHepaTop, b .cjiyqae bos- 
mohchocth, pa6oTaioni,HM Ha OTBeTBjíeHHe. C bh- 
p>kkoh BpeMeHH Ha CTyneHb óojibuie .nepBOÍi 3a- 
mHTa KaK pe3epBHa h ^eflcTByeT Ha oTKjnoqeHHe 
©c-ero arperaTa H Ha aBTOMaT rameiMH nojin. 
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7, TPEBOBAHHfl, nPEAl>flBJlflEMblE K ABTOMATAM 
rAUIEHHfl nOJI5l A JI 51 ArPErATOB 

OcTaToqHbie HanpHHceHHH Ha 3axHMax cTarap- 
hoh oómotkh reHepaTopa, HMejomne MecTo nocjie 
AeííCTBHH aBTOMara rameHHH nojin, npH arp^raTax 
npe^CTaB^HiOT oóhhho óÓAbiuyio onacHocTb, ueM 
npn reHepaTopax, paóoTaiouiHX nenocpeACTBeHiio 
Ha niHHbí reHepaTOpHoro HanpHHceHHH, TaK KaK 
npH paóoTe reHepaTopa Ha noBbiiuaiomHfl TpaHC- 
(JjopMaTOp ocTaTOHHbie HanpHsceHHH Ha ero bto- 
pHAHOH GTOpOHe ÓOAbUie, HeM Ha nepBHHHOÍI 
b n pa3, r«e n — K03<J>HUHeHT TpaHc^opMauHH. 
IIoaTOMy npH noBpexAeHHHx 3a TpaHC(})opMaTO- 
poM hah b ero BTopHHHofl oÓMoree b Mečte npo- 


6 oh hah nepeKpbiTHH MoryT noAAepjKHBaTbcsi • 
BojibTOBbi Ayrn Aa>J<e npn HeóoAbumx ocTaTouHbix 
HanpHxceHHHx Ha nepBHHHofl CTopoHe. 

B cbh3h c 3 thm aah arperaTOB cjie^yeT npn- 
MeHHTb Handojiee coBepuieHHbie cxeMbi rameHHH 
noAfl: nepeKAiOHeHHe oómotkh B03Óy*AeHHH Ha 
pa3paAHoe conpOTHBAeHHe c nocAeAyiomHM oTCoe^ 
AHHeuneM ee ot B03ÓyAHTeAH hah BBeAeHHeM 
conpoTHBAeHHÍi b rAaBHyio uenb B03Óy*AeHHH h 
uenb B03Óy>KAGHHH B03ÓyAHTeAH. 

3acAyjKHBaeT BHHMaHHH TaK>Ke óoAee cAOHCHaa 
cxeMa c KOAeóaTejibHbíM KOHTypoM, Aaioman ocTa- 
ToaHoe HanpaJKeHHe, óAH3Koe k HyAio (cm. ta. VIII, 
§ 20 ). 


TJIAiBA XI 

3AmHTA 111HH 


1. BHAbl nOBPE)KAEHHH 

Ha iiiHHax cTaHHnň h noACTaHunfl, KaK h Ha 
AHHHax, Moryr óbiTb cAeAyiomHe ocHOBHHe bhah 
noBpeacASHHHi: 

1) TpeX(J)a3HbI« 3aMbIK3HHa (33MbIK3HHa MexAy 
TpeMa (J)a3aMH, Tpex<j)a3Hbie 3aMbiKaHHa Ha 3eMAio 
H TpOHHbie 3aMbIKaHHH Ha 3eMAIO, npH KOTOpbIX 
oaho hah ABa MecTa noBpe>KAeHHH MoryT oxa- 
3aTbca pacnoAoaceHHbíMH BHe ahhhhx uihh); 

2) AByx<j)a 3 Hbie 3 aMbikaHHH ( 3 aMbiKaHHa Mea<Ay 
AByMa 4>a3aMH, AByx<|>a 3 Hbie 3 aMbiKaHHa Ha 3 eM- 
AK) H ABOňHbie 33 MbIKaHHa Ha 3 eMAIO, npH KOTO¬ 
pbIX OAHO H 3 MeCT nOBpeHÍAeHHa MOJKeT HaXOAHTb- 
ca BHe paccMaTpHBaeMux uihh); 

3) 0AH0(|)a3Hbie 3aMbiKaHHa Ha 3eMAio; 

4) oópbiB (Jia3. 

npHAHHaMH, BbI3blBaK)IUHMH B03HHKH0BeHHe 3a- 
MbiKaHHfl Ha uiHHax, hbahiotch: ouraóouHbie one- 
pauHH nepcoHaAa c uihhhhmh pa3TbeAHHHTeAHMH, 
nepeupurae BTyAOK BbiKAioqaTeAeS H3-3a Ae<i>eK- 
TOB HX KOHCTpyKHHň, nepeKpbITHe H30AHT0p0B npH 
rpo3ax h npn 3arpa3HeHHH hx TOKonpoBOAameň 
HblAbK), nOAOMKa H30AHT0p0B pa31>eAHHHTeAeH 
H T. A. 

2 . TPEBOBAHH5I, nPEA1>5IBJI5IEMbIE K 3AIUHTE 
UIHH 

CTaTHCTHKa noKa3biBaeT, hto noBumeHHe ypoB- 
Ha 3KCnAO3T3UHH, KaueCTBa OÓOpyAOBaHHH H npH- 
MeHeHHe aBTOMaTHsauHH h óaokhpobok (HanpHMep, 
ÓAOKHpoBOK, npeAOTBpamaiouiHX HenpaBHAbHbie 
MaHHnyAauHH c pa3TbeAHHHTeAaMH) pe3K0 coKpa- 
maiOT hhcao noBpeaíAeHHň Ha uiHHax. 

OAH3K0 HeAOCTaTOAHO npaBHAbHO npOH3BeA6H-. 
Haa AHKBHAauHH noBpeacAeHHa Ha uiHHax (b oco- 
ÓeHHOCTH Ha UIHHaX OCHOBHbIX CTaHHHft hah noA- 
CTaHUHH CHCTeMbl) M05KCT BbI3BaTb O^ieiib THJKeAbie 
nocAeACTBHH a Ji a paóoTbi SAeKTpHuecKofl cncTeMbi 
b ueAOM. riosTOMy ycTaHOBKa AocTaTOHHO coBep- 
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UieHHOH pOřieHHOH 3aiU,HTbI UIHH OÓa3aTeAbHa. 

B cHCTeMax c HarAyxo 3a3eMAeHHoň HyAeBoii 
TOMKOfi 3aiu,.Hra AOA*Ha pearupoBaTb Ha mhoto- 
<j>a3Hbie 3aMbiKaHHa h Ha oAHocj)a3Hbie 3aiMUKaHHa 
Ha 3&MAIO. 

B CHCTOMaX C M3AbIMH TOK3MH 3 aMbIKaHHH Ha 
3CMAK) (c H30AHp0B3HH0H HyAeBOfl TOHKOH, 3a- 
3eMAeHHofl aepe3 BbicoKooMHwe aKTHBHbie conpo- 
THBAeHHH, HAH JKOMneHCHpOBaHHblx) ABÍICTBHe 3aLU,HT 

Ha OTKAioaeHHe oóa3aTeAbHO TOAbKo npn mhoto- 
4>a3Hbix 3aMbiKaHHax. ripn OAHo4>a3Hbix 3aMbiKa- 
hhhx h« 3eMAio,, HenocpeACTBeHHO He Hapymaio- 
iu.hx b TaKHx CHCTeMax óecnepeóofiHyio paóoTy 
noTpeÓHTeAefi, AonycKaeTca, KaK h aah Jimnň, 
AeflcTBHe 3aiu,HTbi Ha ckrHaA hah HcnoAb30BaHHe 
aah nocAeAHero ycTpoňcTB kohtpoah h30Ahuhh. 

TaKoft cnocoó paóoTU 3amHTbi npHMeHaeTca 

AAH 33LIIHT UIHH OCHOBHbIX CT3HIIHft H nOACTaHIIHft, 
cKOMMyTHpoBaHHbix no eBponeftcKOMy raný (oahh 
3BT0M aTHUeCKHfi BblKAIOqaTeAb Ha Ka>KAbIH 3Ae- 

MeHT, npHCoeAHHaeMbiň k akoůhoh chctcmc uihh 
uepe3 BHAKy H3 AByx pasbeAHHHTeAeH). B stom 
cAyuae npeAnoAaraeTca, hto npn OAHocJ)a3HOM 3a- 

MbIK3HHH Ha 3CMAK) Ha OAHOfi H3 CHCTeM nOAOC 
oócAyxHBaiomHH nepcoHaA ycneeT BpyAHyio nepe- 
KAIOHHTb BCe SAeMeHTbl yCT3HOBKH Ha BTOpyiO CH- 
CTeMy noAoc, ao toto KaK nOBpeacAeHHe nepeflAeT 
B K3KOH-AHÓO BHA MHOrO(J)a3HOrO 33 MbIKaHHH. FIpH 
3 tom óecnepeóoHHOCTb paóoTbi noTpeÓHTeAefi Ha- 
pyuieHa ne óyAeT b nporaBonoAoacHocTb TOMy Ba- 
pnaHTy, npn kotopom 3amHTa AeficraoBaAa óbi Ha 
OTKAioaeHHe. 

OAHaKO npn aMepHKaHCKofl cxeMe KOMMyTaunn 
(KajKABiS SAeMeHT HMeeT ABa aBTOMaraaecKHx bh- 
KAiOHaTeAa, Hepe3 KOTopbie h npHcoeAHHaeTca k 
oóeHM CHCTeMaM uihh) h npn MaAbix TOKax 3aMbi- 
K3HHH Ha 3eMAK) UeAeCOOÓpa3HO npHMeHHTb 3a- 
UIHTy UIHH OT 0AH04>a3HbIX 33MbIK3HHH Ha 3eMAIO 
c AeňcTBHeM Ha OTKAioueHHe. BecnepeóoftHocTb 
paóoTbi noTpeÓHTeAefi npn stom He HapyuiaeTCH. 




ZUh npHeMHbix noACTaHiiHH, paSoTaroutHx b 

CHCTeMaX C MaAblMH TOK3MH 3aMbIK3HHH Ha 3eMJHO, 

sonpoc o cnocoóe AeftcTBHH 3aiu,HTH ot 0AH0<jia3- 
Hbix 3aMbiKaHHň, KaK npaBHjio, peuiaeTca xapaKTe- 
pOM BbinOJIHeHHH 3amHT, yCTaHOBJíeHHWX B IIHTaiO- 
mefi cera. 3 th 3amHTM oébíHHO cjiyaiaT h ajih 3a- 
IHHTbl HIHH npHeMHHX nOACTaHHHHL riOSTOMy, Ha? 
npHMep, b cera c aauiHTofi ot OAHo<j)a3Hbix 3aMu- 
K3HHH, AeflCTByiOmeS Ha OTKJIIOHeHHe, OAHO(J)a3Hbie 
noBpejKASHHa Ha uiHHax t3khx noACTaHUHH 6yn,yT 
TaiOKC aBTOMaTWqeCKH OTKJIIOHaTbCfl. 

CneuHajibHoň 3amHTbi ihhh ot oópbiBa uenH h 
H eHopMajibHbix pexcHMOB paSoTbi, KaK npaBHJio, He 
yci aHaBjíHBaeTCH. 

OCHOBHHM TpeĎOBaHHeM, KOTOpOe AOJHKHO 
ČHTb npeAtHBJíeHO K exeMe 3aiHHTbI IHHH CT3HHHH 
h noACTaHUHfl, HBjíaeTca oóecneaeHHe no bo3mojk- 
hccth 6ecnepe6oňHoň padoTbi HenoBpexAeHHoň 
aacTH cHCTeMbi nocpeflCTBOM SbicTporo h cejieK- 
THBHOTO OTKJIJOaeHHH OT Hee nOBpeJKAeHHbIX ihhh. 
TpeóoBaHHe óbicTporo oTKjHoaeHHa oóbiaHo He 
pacnpocTpaHaeTca Ha reHepnpyícmHe hctohhhkh, 
HanpnMep, reHepaTopbi, HenocpeACTBeHHo npncoe- 
AHHeHHbie k noBpeaíAeHHbíM uiHHaM, TaK KaK ycKo- 
peHHe HX OTKJIIOHeHHH BaJKHO rjiaBHblM 0 Ópa 30 M 
1 OJIbKO C TOHKH 3peHHH yMeHbuieHHa pa3pymeHHfl 
b MecTe noBpeaíAeHHa. 

Taxoe pa3peuieHHe Bonpoca onpeAeJiHeTca 
CTpeMjieHHeM ynpocTHTb cxeMbi 3am,HTbi ihhh h 
VM eHbuiHTb THJKejibie nocjiea,CTBHa b cjiyaae hx He- 
npaBHJibHofl paóoTbi. 

3am,HTa ihhh ocymecTBJíaeTca hjih npHMeHeHH- 
eM cneiiHajibHbix cxeM hjih Hcnojib30BaHHeM a-hh 
3T0H IiejIH 3aiU,HT SJíeÁieHTOB, npHCOeAHHeHHbIX K 
AaHHblM IUHH3M, HanpHMep, M 3KCHM aJIbHbIX TOKO- 
BblX HJIH AHCTaHHHOHHHX 3aUIHT JIHHHH. 

Hcnojib30BaHHe 3auiHT sjíeMeHTOB AonycTHMO 
h peKOMeHAyeTca, ecjin: 

1) 3auiHiiiaeTCH OAHHOHHaa CHCTeMa hihhh hjih 
npn aboShoS CHCTeMe ihhh h eBponeflcKofi exeMe 
KOMMyraHHH pa6oTa HOpMajibHO nponcxoAHT TOJib- 
ko Ha oahoíí CHCTeMe; 

2) BblAOpJKKH" BpeMeHH HCnOJIb3yeMOÍÍ 3aiHHTbI, 
c KOTopbiMH OHa paóoTaeT npH 3aMbiKaHHax Ha 
IHHHaX, HBAHIOTCa AOnyCTHMblMH C TOHKH 3peHHH 
očecneaeHHa ycTOHHHBoň paSora HenoBpeiKACH- 
hoh aacTH CHCTeMbi; 

3) 3aTpyAHHTejibHO ocymecTBJíeiiHe cnennajib- 
hoh 3am,HTbi (HanpHMep, Ha AeíicTByiomHX ycTa- 
HOBKax). 

npH KOM MyTaHHH IHHH no aMepHK3HCKOMy 
npHHHHny Hcnojib30BaHHe ajih hihh 3am,HT npnco- 
eAHHeHHUX K HHM SJíeMeHTOB HeAOnyCTHMO, TaK 
KaK 3TH 3aiU,HTbI He MOryT yCT3HOBHTb, Ha K3KOH 
H3 CHCreM HIHH np0H30UIJI0 3aMbIKaHHe, H, CJieAO- 
BaTejibHo, He MoryT oóecneaHTb OTKJiionenHe tojh>- 
ko oahoíí noBpexAeHHoň CHCTeMbi. Tanoe aie no- 
jio>KeHHe HMeeTca npn OAHOBpeMeHHofl paóoTe Ha 
AByX CHCTeMaX HIHH yCTaHOBKH, CKOMMyTHpOBaHHOÍÍ 
no eBponeňcKOMy raný. 

22 Pe.icHHaa aaiUHT? 


B CBH3H C H3JIOJKeHHbIMH COOÓpaXeHHHMH B 
HeKOTopbix cjiyaaax (HanpHMep, a jih ceKUHOHapo- 
BaHHbix ihhh reHepaTopHoro HanpaaieHHa CTaHiyni, 
ihhh HanpaHieHHeM 110 kV h Bbiuie ct 3 hiihh h 
noACTaHHHií) npHXOAHTca npHMeHHTb cneuHajibHbie 
(no B03M0JKH0CTH ĎblCTpOAeftCTByiOmHe) 331AHTU, 
ocyiuecTBjíeHHe kotophx b eBponeňcKHX cxeMax 
KOMMyraHHH Bí>i3biBaeT paA cepbe3Hbix 3aTpyAHe- 
hhS. 

/I JIH 3aiHHTH HIHH H'CnOJIb3yK>TCH HeKOTOpblC 
oneííHajibHbie cxeMbi, a TaKxce: 

1 ) MaKCHMajibHaa TOKOBaa 3auiHTa hjih 3 auiHTa 

MHHHMajIbHOrO HanpHHCeHHH C TOKOBOH ĎJIOKHpOB- 
koh; 1 

2) AHCTaHHHOHHaa 3auiHTa; 

3) AH(|)epeHHHajibHaa 3 auiHTa. 

3. MAKCHMAJlbHAfl TOKOBA5I 3AUI.HTA 
HOPMAJlbHOrO BblIlOJIHEHH# 

Hcnojib30BaHne m 3 kchm ajibHoíí tokoboii 3auiH- 
th HopMajibHoro BbinojiHeHHH paccMaTpHBaeTca Ha 
(})Hr. XI, 1 (cTaHHHH, paóoTaiomaa Ha CHereMy pa- 
AHajibHbix jihhhh, He HMeiomHX nHTaiiHa c Apyr«x 
CTOpOH). 



JIhhhh HMeiOT m aKCHMajibHyio TOKOByio 3auiH- 
Ty C He33BHCHMOH XapaKTepHCTHKOHl H HailÓOJIb- 
uihm BpeMeHeM cpaSaTbiBaHHH t\. Ha reHepaTOpax 
ycTaHOBjíeHa 3auiHTa mhhhm ajibHoro HanpajKeHHH 
C TOKOBOS ÓJIOKHpOBKOH (CM. TA. VIII, § 6). ZUh 
3aiHHTbI HIHH AOnOAHHTeAbHO yCT3HaBJIHBaeTCH 
MaKCHMaabHaa TOKOBaa 3amiíTa, npHCoeAHHaeMaa 
k TpaHCiJiopMaTopaM Tona b Hena ceKHHOHHoro 
BblKAIOHaTeAH. 

ZIah oóecneneHHH ceAeKTHBHoro aohctbhh 3a- 
IU.HT HX BblAepiKKH BpeMeHH BbIÓHpaiOTCH cor.iacHO 
CTyneHaaTOMy npHHminy. BbiAepatKa BpeMeHH 3a- 

337 



WHTbl Ha CeKHHOHHOM BblKJlIOqaTeJie ti flOJDKHa 
fibiTb Ha CTyneHb bt óojibuie MaKCHMajibnoň bm- 
ňep)KKH BpeMeHH 3amHT JIHHHÍI T. e. ti=t\-\- 
+ a t. BbiAep>KKa BpeMeHH 3aiu,HT reHeparopoB t 3 
npHHHMaeTCH Ha oAHy-ABe cTyneHH A t Sojibuie bh- 
AepxKH 3amHTbi Ha cckixhohhom BbiKJiroqaTeJie, 
t. e. ti, t 3 = t 2 -f (1 -Ť- 2) A t. Tok TporaHHH 3aiu,H- 
Tbl Ha CeKHHOHHOM BblKJHOHaTejie BblĎHpaeTCH 
óojibiue I P a6 max, KOTopbiS mojkct qepe3 Hero npo- 
TeKatb c yneroM k e tokobhx pejie. 


Tanaa 3auiHTa oCecneqHBaeT cejieKTHBHoe ot- 
KJimeHHe tojh>ko noBpejK^eHHOH ceKUHH uihh 
CT3HUHH, ho oójiaAaex cjie^yiomHMH ochobhhmh 
H eflocT aTKa m h : 

1) oSecneHHBaeT cejieKTHBHoe oTKJiioqeHHe no- 
BpeJKAeHHOň CeKUHH TOJIbKO a JIH CHCTeM C OflHOH 

AaHHoň reHepnpyiouíeH tohkoh (cTammeň hjih noA- 
cTaHUHeň) npH racjie cckuhh hihh He óojiee AByx; 

2) HMeeT óojibuiHe bmabpjkkh BpeMeHH (ofibiq- 
ho ť 2 > 3-i-4 ceK.), He oĎecnenHBaiomHe, KaK 
npaBHjio, 6ecnepe6oHHo8 paóoTbi HenoBpeiKAeHHoň 
CHCTeMbi; 

3) Majio HyBCTBHTejibHa, TaK Kan pearHpyeT Ha 
BeJIHHHHbl TOKOB ĎOAbHie paÓOHHX; TaK, HanpHMep, 
npa paóoTe reHepaTopoB b momcht B03HHKH0Be- 
HHH nOBpe>KAeHHH B peJKHMe, ČJÍH3KOM K XOJIOCTO- 
My xoay, 6e3 aBXOMaTH>iecKHX peryjiHTopoB Ha- 
npHXíeHHH yCTaHOBHBUIHHCH 3 MOJKeT OKa3aTbCH 
MeHbUIHM Ip m 3aiU.HT (iipH TpeX<J)a3H0M 3aMbIK3HHH 
nopaflKa 70°/ol HOM^najibHoro TOKa reHepaTopa), 
h 3amHTbi He cpaóaTbiBaioT. 

B CBH3H C 3THM B HeKOTopbix cjiyqaax HyB- 
CTBHTeJIbHOCTb 3aiH,HTbI MO/K6T ÓbITb HeCKOJIbKO nO- 
BHiueHa nyTeM 3aMeHbi MaKCHMajibHoň tokoboíí 
3aiH,HTbI Ha CeKHHOHHOM BblKJHOMaTejie 33IHHTOH 
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MHHHM3JlbHOTO HanpHHCeHHH C TOKOBOH ÓJIOKHpOB- 
koh, noAOÓHoft ycTaHaBJíHBaeMoň Ha reHepaTopax. 

ÉAHHCTBeHHblM AOCTOHHCTBOM 3aUÍHTbI HBJIHer- 
ch ee npocTOTa h HeBbicoKaa CTOHMocTb ocymecT- 
BJieHHH. 

riOSTOMy M 3KCHM aJIbHy 10 TOKOByiO 3aiHHTy HOp- 
jviajibHoro BbinojiHeHHH mojkho npHMeHHTb rjias- 
HblM 0Ópa30M TOJIbKO AJIH HeCeKHHOHHpOB3HHblX 
HIHH HH3IlierO HanpHJKeHHH nOHH 3HTeJIbHbIX nOA- 
craHHHň oTHOcHTejibHo HeóojiuHoii moiuhocth, 

paóoTaioiHHX HopMajibHO 
Ha OAHOH CHCTeMe HIHH 

(<J)HT. XI, 2). B 3T0M CJiy- 
>{ae 3H 3HHT ejIbHÚe Bbl- 
AepiKKH BpeMeHH 3atHHTbI 
MOryT npHBeCTH TOJIbKO K 
yBejiHHeHHK) noBpexí aghhh 
Ha 3aiHHmaeMbix mmiax. 
ho cymecTBeHHO He oTpa- 
>k3K)tch Ha paóoTe ocTanb- 
hoh reHepnpyiomeH qacrií 
CHCTeMbi, HaXOAHmeHCH 3a 
óojibuiHM peaKTancoM no- 
HHJKaiOIHHX TpaHC(|)OpMaTO- 
poB h HMěiomefi, cjieAOBa- 
TeJIbHO, 3HaHHTejIbHbie oc- 
TaroMHbie HajjpajKeHHH. 

3ia 3aui,HTa HBjíaeTCK 
OAHOBpeMeHIIO H 33 IHHTOH 
rpaiíc^opMaTopoB ot CBepx- 
TOKOB. 

B KaqecTBe 3amHrbt 
MHHHMajibHoro HanpjUKe- 
HHH C TOKOBOH ÓJIOKHpOB- 
Koň OHa HaxoAHT TaKjKe BecbMa mapoKoe npHMe- 
HEHH6 AJIH OTKJIIOqeHHH nOBpOKAeHHbIX UIHH CO 
CTOpoHbí reHepaTopoB h arperaTOB reHeparop- 
TpaHo4>o , pMaTop b Tex cjryqaHx, KorAa co cTopo- 
Hbl CHCTeMbi* 3TH nOBpOKAeHHH OTKJIIOqaiOTCH 6o- 
Jiee coBepuieHHbíMH cneuHajibHbíMH 3am,HTaMH. 3to 
onHTb-TaKH oó^HCHHeTCH TeM, hto MeAJieHHoe ot- 
KjiioqeHHe hihh ot paSoTaiouinx Ha hhx reHepaTo- 
pOB MOJKeT BbI3B3Tb TOJIbKO AOnOAHHTejIbHbie pa3- 
pyineHHH B MeCTe nOBpeKAeHHH, HO He OTpa3HTCH 
Ha paóoTe HenoBpeJKAeHHoň qac.TH CHCTeMbi. 
C Apyroň CTOpOHbl, TO OĎCTOHTejIbCTBO, qTO AOnOJI- 
HHTejibHan cneuHajibHaa 3auiHTa hihh ne AeScTByer 
Ha BbiKAioqaTejib reHepaTopa (3auiHTy ot CBepx- 
tokob Ha renepaTopax npHHSTo cTaBHTb bo Bcex 
cjiyqaax), AaeT bo3mojkhoctb ocTaBHTb b paSoie 
IÍOCJieAHHH npH B03M0>KHbIX HCnpaBHJIbHblX Aeíi- 
CTBHHX 3TOH 33lHHTbI. 

4. MAKCHMAJIbHAfl TOKOBA5I 3AIUHTA C BJIOKH- 

POBKOB OT MAKCHMAJIbHOTO PEJIE TOKA 
H PEJIE HAnPABJlEHHfl MOIUHOCTH 

ZlJia y.vieHbuieHHa BHflepwKH BpeMeHH MaxcHMajiMiaH 
TOKOBaa 3amHTa mojkct Sbiib ;i_oiio.nneHa ójiokhpobkoh ot 
M aKCHMajibHoro pejie TOKa MrHOBeHHoro .aeňcTBHH, ycTaiios- 


FtumaHue 



4>»r. XI,2. MaKcuMaJibHaa tokob3h 
3amHTa ceKUHH uihh HH3Koro Hanpíi- 
meHHH nOHH3HTeJlbHOří nOflCTaHUHH. 



XI,3. MaKCHMajibHaa tokob3íi 3au;fiTa 
CeKUHii 1UHH CTaHUHHÍ C 6/IOKHpOBKOÍI OT TOKO- 

Bbix peJie xhhhS, otxoajhuhx ot uihh. 



jieHHbix Ha npHCoeáHH€HHHx k samumaeMHM iimiiaM sjíeMen- 
Tax. 3ia ^JTOKHpoBKa aBmwaTHqecKH phbo^ht K3 .nefiCT bhh 
3aiiurry unru npH noBpe>KAeHHHx BHe 3amHiuaeMOH 30Hbi 
((jmr/ XI, 3). 

lípu KOpOTKOM 3aMbIKaHHH B C6TH M aKCHM 3 JIbHH6 peJie 
TOXa MFHOBeHHOrO ^eHCTBHH 1 COOTBGTCTByiOmeH JIHHHH 33- 

MbiKaioT cboh KOHTaKTbi h qepe 3 npoMeacyToqHbie pejie 2, 
cjiyacamne ajih AejieHHH ueneň iioctohhhoto TOxa jihhhh, 
nocpeacTBOM npOMexíyToqHcro pejie 3, HMeiomero HopMaJib- 
HO aaMKHyTblíl KOHT3KT, pa3pbiBaioT uenb oómotkh pejie Bpe- 
4 MaOíCHLMaJIbHOŽ TOKOBOň 3amHTbí HIHH, yCTaiHOBJíeUHOH 
Ha ceKUHOHHOíM BbiKJiioqaTeJie. lloBpexcjxeHHe b cenu otkjiio- 
MaeTCH qepe3 pejje BpeMenn 5 3amHTH0ň jihhhh. 

npH TiOBpejK^eHHH Ha HiHHax MaKCHMajibHoe pejie Toxa 
JIHHHH / npH OTCyTCTBHH IlHTaHHSI Méda nOBpejK^HHH CO 
CTCpOflH <CeTH B HeňCTBHe HB HpHXOAHT, pejie 3 CBOHX KOH- 
TaxTOB ne pa3MHxa«T k 3amHTa ihhh (pejie 6 <n 4) npoH3Bo- 

JIHT OTCOeAHHCHHB HOB pe>K;TCHH0H CeXUHH IHHH OT HCHOBpOK- 
AeHHOHÍ. 

fljifl ooeoneqeHHH cejiexTHBHoro OTXJiioqeHHfl reHepaio- 
poB, npHcoBAHHeHHbix x uiiiHaM b cjiyqae nospejKaemiH jio- 
cjieaHHx, BH^epiXxa BpeMeHH pejie 4 ©bróHpaeTCH na ojiHy 
dyneiib óojibiue Bbi^epxíex yciaHaBjíHBaeMbrx Hanux <5bidpo- 
aeHCTByx)mHx (oObrqno jxn^epeHUHajibHbix) 3amHT. B cbh3h 
c smM BH^epxíxa BpojviOHK pejie 3 y c t aira bjthb ae tch npn- 
MepHO paBHOH 0,7 “r- 1 cex. 

Cxewa 3amHTbi o<5jia,naeT cjie^yiomHMH ochobhbimh He- 
AociaTxaMH: 

1) oóecneqHBa€T cejiexTHBHoe OTKJiioqeHHe noBpexífleHHH 
tojibxo jyia^cHdeM c ojxhoh reHepnpyiomeS Toqxoň npH hhc- 
ae cextiHH ihhh He 5ojiee #Byx; 

2) HMeer orHOCHTeJibiio 6ojibiiiyK> Bbijxe pnuty BpeMeHH, 
KOTopan b p5ine cjiyqaeB He MonceT oóecneqHTb éecnepeéoH- 
hoh paóoTbi h eiiOBpe>K,ne hhoh qacTH cacTeMH; . 

3) Majio qyscTBHTejibHa, Tax xax pearHpyer tojibxo Ha 
toxh óojibuie paóoqnx; 

4) HMeeT AOCTaroqHo cjioxnoe xoHCTpyxTHBHoe Bbmoji- 
HCHKe, Tax xax TpeóyeT očneAHHeHHH ueneii nocTOHHHcro 
Toxa ot 3am,HT Bcex 3JieMeHTOB na 6 jioxH poBoqHOM pejie 3a- 
UUITbl HIHH. 

IlooTOMy cxeMy mo*kho hphm€hhtb jí jih 3amHT ihhh 
c qncjiOM cexií-HH ne Óo^ee jíByx oipH uiHTaHHH iHpneo^zniHeii- 
HMX 9Jie.M€HTOB TOJIbXO CO OTOpOHbl JiaHHblX IHHH, XOrjja Bbl- 

,Tep>Kxa BpeMeHH aamnTbi hbjihctch npHeMJieMoň. 

OóecneqeHHe npaBHJibHoro a^hctbhh 3amHibi b tcx cjiy- 
qanx, Korjia tox k Meciy noBpeyx.aeHHH Ha uiHHax mojkct 
nanpaBJíHTbCH Tax>xe qepe3 jihhhh h npHCoejiHHeHHbie x hhm 
Tr>aHC(J}opMaTopbi, ocyuiecTBJíneTCH óJioxHpoBoqHbíMH pejre Ha- 
npaBJíeHHH svioihhocth. 

3th pejie ycTaHaBjíiiaaiOT na ©cex 3JieMenTax (3a hckjiio- 
qeiiHeM reHepaTOpOB), qepe3 xoTOpwe moskct npoHCxo^HTb 
r/HTaiiHe MecTa xopoTxoro 3a.MwxaHHH, h BXJiioqaioT Tax, hto 
OHH AeHCTByiOT HpH HJIipaBJíeHHH MOIUHOCTH OT HIHH. ÍIo- 
9TOMy npH noBpexífleHHH BHe 3amHiuaeMO« 30hh opa^aTbroaeT 
pejie iHanpasjíeHHH, yciaHOBJíeHHoe Ha noBpexcaeHHOM 9Jie- 
MeHTe, H BHBO^HT 3amHTy ímw K3 A^éCTBHfl. IlpH B03HHK- 

HOBeHHii noBpexcfleHJiH b 3aminuaeMc^ 30He toxh 3aMbrxaHHH 
oxa3HBaioTCH HanpaBjreHHbíMH x rnHHaM, pejie HanpaBJíeHHa 
He ^eňcTByeT h 3amHTa OTXJiKjqaer noBpe^xjíeHHyío cncTeMy 

HIHH. 

PaccMOTpeHiiHH sapnaKT 3amnTH BBHjxy ero HexoTOpoií 
CJIOXCHOCTH H He^OCTSTOHnOH tlIOJIHOUeHHOCTH, XaX H OCKOB- 
na.q cxewa ho <Jwr. VIII, 3, pacnpocTpaHeHHH ne, nojiyqHJi. 

5. AHCTAHUHOHHA5I 3AUI.KTA 

npHHUHn ^eiícTBHH 3amHTbi paccMarpuBseroi 
ua 4 mr. XI, 4. 

3amHTa ycTaHaBJíHB^eiCH Ha bccx 3JieMeHTax, 
CBH3bIBaíOmHX Ka>KAyiO H3 3amHH^aeMbIX CeKUHH 
luhh c ocrajibHoň reHepHpyiomeH qacrbio cncTeMbi, 
t. e. Ha noBbicHTejibHbix TpaHc4)opMaTopax h ceK- 
uhohhhx peaKTOpax. HanpnxceHHH k oMMeTpaM 

22 * 


3aiUHT AOJIHíHbl nOABO^HTbCH OT H 3 M e pHT ejlbHbl X 
TpaHC(|)OpMaTOpOB A3HHOH 3aiHHIUaeMOH CeKUHH. 

npH B03HHKH0BeHHH KOpOTKOTO 3aMbIKaHH51, 
HanpHMep, Ha BTOpoň ceKUHH, k Meciy noBpe>KAe- 
hhh qepe3 TpaHc^opMaTOpbi h ceKUHOHHbie peax- 
TOpbl CTaHUHH HanpaBJIHIOTCH TOKH, KOTOpbie MO- 
ryT npHBecTH b AeficTBHe nycKOBbie opraHbí Bcex 
AHCTaHUHOHHbIX 3aiUHT. 

tÍMne^aHc Ha 3a»:HMax oMMeipos 3amHi ? 
K KOTOpbIM nOABOAHTCH HanpHJKeHHe OT nOBpe>K- 



4>Hr* XI, 4. JlHCTaHHHOHHaH 3aiuHTa cexuHft ihhh ciaHunn. 

AeHHoň ceKUHH, npn MeTajijinqecKOM 3aMbiKaHHH 
paBen Hyjiio. IloaTOMy sth 3amHTbi cpačoTaiOT h 
OTKJIIOH aT BTOpyiO CeKUHíO OT OCTaJIbHOH qacTH Cň- 
CTeMbl. 3aiUHTbI, K KOTOpbIM HanpHJKeHHe nOABO- 

AHtch ot nepBoft HenoBpe^KueHHOH ceKUHH, npH 
3 tom He cpaĎOTaiOT, TaK ksk BCJieucTBHe Hajinqiifí 
Ha 3Toň ceKUHH ocTaTOHHoro HanpHnceHHH HMne- 
uaHCbi Ha 3axíHMax OMMeTpoB ee 3aiUHT 6yAVT 
óojibme cneunajibHo nouoópaHHbix HMneAaHcoB 
TporaHHH. 

npH 3aMbIKaHHHX, pacnOJIOHíeHHblX BHe 321101- 
iuaeMbix ihhh reHeparapHoro nanpH^eHHH (Hanpa- 
M^p, 3a peaKTopaMH otxoahiuhx ot hhx jihhhíí 
HJIH 3a TpaHC(j)OpMaTOpaMH) 3aiUHTbI T3K>Ke He 
ueíicTByíOT BCJieucTBHe cocpeAOToneHHbix HMne- 
AaHCOB 3THX 3JieMeHTOB. 

H3 npHBeueHHoro cjieuyeT, hto npaBHJib- 

iioň paóoTbi 3aiuHTbi HMneuaHC TporamiH ee ov- 
MeTpOB AOJI^eH BblÓHpaTbCH MeHbme MHIIHMaJlb- 
hoto cocpeuoToqeKHoro conpoTHBjíeHHH 3 t qeMen- 
tob, cBH3biBaioiuHX 3aiuHiuaeMyio CeKUHIO IL1HH c 
ocTajibHoii qacTbio chctcmh {peaKTOpOB jihhhíí, 
ceKUHOHiioro peaKTopa, Tpanc(})opMaTopoB). 

npH kopotkom 3aMbiKaHHH Ha BbiBouax reHe- 

paTOpOB, C HH3K0H CTOpOHbl nOBblCHTCJIbHblX TpařlC- 

339 



4>OpMaTOpOB, Ha JIHHHHX AO peaKTOpOB HMneAaHC- 
na 3a>i<HMax 3ain,HTbi paBeH Hyjiio, KaK h npH no- 
Bpe>KfleHHH Ha caMHx uiHHax. A jih npeAOTBpame- 
HHH B 3THX CJiyqaHX paČOTbl 3amHTbI OHa AOJIHCHa 
HMerb BHAepxcKy BpeMeHH Ha cTyneHb A t dojibiue 
BbiAepacex BpeMeHH ÓHCTpoAefiCTByiomHX 3amHT, 
KOTOpbie oSblHHO OTKJIIOHaiOT 3TH IIOBpejKAeHHH 
(íiKjíepeHUHajibiibie 3auiHTbi renepaTopoB h TpaHc- 
(pOpMaTOpOB, MaKCHMajIbHbie TOKOBHe MTHOBeHHbie 
3amHTbi — OTceHKH jihhhh). yKa3aHHaH BbiAepxcKa 
BpeMeHH BbidHpaeTCH paBHoň 0,7 -4- 1,2 cen. 

TaKHM o6pa30M AocraraeTCH cejieKTHBHoe 'Áeií- 

CTBHe paCCMaTpHBaeMOH 3amHTbI. 


B OCHOBy OCymeCTBJíeHHH 3aiUHTbI MOJKeT ÓblTb 
nojioHceHa npHHimnHaAbHaH OAHOcHCTeMHaH cxeMa 
BKJHOneHHH OMMeTpoB, npHBeACHHaH Ha (Jmr. IV, 35. 

CxeMa jijih 3amHTbi ihhh reHepaiopHoro HanpsnxeHHH, 
BwnoJiHeHHaH Ha coio3hom oóopyjioBaHHH, npHBeACHa na 
4>Hr. XI, 5. 

,CxeMy cocTaBJíHioT cjieayiomHe pejie: 

1. Pejie MaKCHMajibHoro HMneaaHca 1 THna MH-120X3M3, 
BbinojiHHiomee cjjyHKUHH OMMeTpa, BKJiioHeHHoro Ha pa3H0CTb 
Í A — i c h jiHHefiHbie HanpjjHceHHH. B pejie AencTByeT pa3- 
HOCTb aMnepBHTKOB JXByX nOJIOBHH TOKOBOH OÓMOTKH, K KO- 

TopwM no^BOjiHTCH cooTBeTCTBy iomne KOHUbi ot Tpanccj)op- 
MatopoB Toxa 4)a3 A n C. 3ia pa3H0CTb aMnepBHTKOB, one- 
BHflHo, npoiiopuHOHajibHa — npn HopMajibHofi paóoTe 




Co cTOpOHbí reHepaiopoB Ha noBpejKAeHHH 
pearnpyiOT hx 3aiu,HTbi mhhhm ajibHoro HanpjDKe- 
HHH C TOKOBOH ÓJIOKHpOBKOH. YCTaHOBKa Ha TeHe- 
paiopax AHCTaHUHOHHOH 3am,HTbI HJIH ^eHCTBHe Ha 
reHepaTOpHbiň BbiKjHonaTejib AHCTaHijHOHHbix 3a- 
ihht, pa3Meiu,eHHbix Ha TpaHccJiopMaTopax h ceK- 
UHOHHbix peaKTopax, b ixejiax ynpomeHHH h no- 
BbiuieHHH Ha^encHOCTH paóoTbi reHepaiopoB He pe- 
KOMeH^yeTCH. 3to Raer B03MoxcHOCTb, HanpHMep, 
npH HenpaBHJIbHOM fleííCTBHH AHCTaHUHOHHblX 3a- 
iuht b cjiyqae noBpexcAeHHH Ha nepBbix BHTKax 
peaKTOpOB JIHHHH (npH Hej^OCT3T0HH0 nOJIHOH co- 
TYíaCOBaHHOCTH HyBCTBHTeJIbHOCTeíí TOKOBOH OTCeH- 
KH JIHHHH H OMMeTpOB paCCMaTpHBaeMOH 3amHTbl) 
coxpaHHTb b paóoTe reHepaiop h Bce HenoBpe>K- 
JieHHbie JIHHHH AaHHOH CeKUHH. 

CxeMa 3aiu,HTbi He HyjKjjaeTca b opraHe Ha- 
npaBJíeHHH MOHJHOCTH H £OJDKHa HMeTb TOJIbKO 
ozihh OMMeTp Ha 4> a3 Y» TaK KaK 0T BCex noBpexc- 
BHe 3amHmaeMOH 3 ohh 3amHTa OTCTpaHBa- 
erca no HMiie^aHcy TporaHHH hjih BbmepxíKOH 
apeMeHH. B uejinx AajibHeiiiiiero ynpomeHHa 3a- 
ni,HTy, KOTopan AojDKHa pearnpoBaTb b CHCTeMax 
: MaJIblMH T0K3MH 3aMbIKaHHH Ha 3eMJII0 TOJIbKO 
na MHorocj)a3Hbie 3aMbiKaHHH, BbinojiHHiOT AByx- 
4)a3HOH OflHOCHCTeMHOH, T. e. C OflHHM OMMeTpOM 
ia o6e $a3bb 


HanpaHceHHe k pejie He no^BojiHTCfl h nocjiejmee HMeej 33 mk- 

HyTblft KOHTaKT. 

2. Pejie MaKCHMajibHoro Toxa 2, HBJísnomeecn nycxoBbíM 
opraHOM 3amHTbi. npH AencTBHH ohh nepe3 npoMeHcyTO 1 !- 
Hoe peJie 3 nojiaioT njuoc Ha 3amHTy h no^BOjiHT k oďmotkc 
H anpHHceHHH OMMeTpa ocTaTOHHoe HanpHHceHHe, nponopuHo- 
najibHoe HanpHHceHHio neTjiw KOpoTKoro 3aMbiKaHHH. npOMe- 
xcyTOHHoe pejie 3 npHHUHnHajibHo BBeneHo b cxeMy aaH 
pa3MHoxceHHH K0HT3KT0B peJie 2, juih ynpaBjíeHHH uenHMH 

nOCTOHHHOrO TOKa H HanpflHCeHHff. 

3. FIpoMexcyTOHHoe pejie 4 $ Taxace HMeiomee BcnoMora- 
TeJibHoe Ha3HaqeHHe — noABO£HTb x cxeMe HanpínxeHHH 
$a3bi B c HexoTopofi 3aflepxcxoH nocjie bo 3 hhkhob 6 hhh 
noBpeacjieHHJ!. 

npa OTcyTCTBHH 3Toro pejie b cjiynae 3aMHxaHHH Me^cjiy 
4>a3aMH A h C 3a cneT HeoflHOBpeMeHHoro cpačaTbiBaHHH 
peJie 2 h 3 oóenx 4 )a3 peae 3 oahoh h3 $ a3 (HanpHMep, 
4>a3M A) Morjio 6bi cpaéoTaTb paHee, veM pejie 3 apyrofi 
4>a3H (C), h ycnejio 6w pa30MKHyTb cboh HopMajibHO 3 aMK- 
HyTbiH KOHTaKT, b pe3yjibTaie nero Ha oÓMOTxy OMMeTpa 
óbiao 6 h KpaTxoBpeMeHHO noaaHO óojibmoe HanpHaceHHe, 
nponopuHOHajibHoe Uab . Ilocjie cpaóaTHBaHHa pejie 2 h 3 
4>a3bi C k pejie 1 íioabojihtch HeoóxonHvoe ocTa^roHHoe Ha- 
np«)xeHHe (J OAHaxo ^aixe xpaTKOBpeMeHHoro no^BeAe- 
hHh k OMMeTpy HenpaBHjibHoro Ďojibuioro HanpHHceHHH ao- 
CTaTOqHO, HTOÓbl OH pa30MKHyjI CBOH KOHT3KT H OÓyCJIOBHJI 
b aajibHeHmeM neneTKyio paóoTy cxewbi npH 3aMuxaHHH b 
3amHmaeMo8 30He. 

4. Pejie BpeMeHH 5 aiyaoiT hjih co3AaHHa Ebi^epncxn 
BpeMeHH flHCTaHiiHOHHOH 3amHTbi, a Taxixe coBMecTno c pejie 
2 h 3, paóoTan nepe3 koht3kt c čojibineH Bbijiep>KKOH 
BpeMeHH, npeflCTaBJíaeT pe3epBHyio MaxcHMajibHyio ToxoByio 
3amHty. 


‘HO 




5. npoMeMcyio^Hoe peae' 6 cJiyacHT a«kh MrHOBeHHoro 
3aMepa conpoTHBJíeHHH b HaqaabHbiň momcht nopOTKoro 
33MblK3HH5I (CM. TJl. IV, § 11). 

6. ÍIpOMeiKyToqHoe peae 7 HBAHeiCH BbixoAHbíM jkjih 
cxeMbi, 9— ÓJiHHKepbi. 

7. floóaBO^Hoe conpoiHBJíeHHe 8 yMeHbinaeT b ABa pa3a 
HanpnmeHHe, noaBOAHMoe k peae npn Tex 3aMbiKaHH8x 
MOKay <j)a3aMH (AB h BC) t xoraa b peae HMeei MecTO 
ToabKO tok oahoh c{>a3bi M hjih C). B pe3yabTaie 9Toro 
oMMeip npw Bcex Bnaax MeiKay4)a3Hbix 3aMbiKaHHří 3aMepae.T 
conpoTHBaeHHe, nponopuHOHaabHoe HMneaaHcy nojiomi- 
TeabHoS nocaeaoBaieabHOCTH ao Mecia KOpOTKoro 3aMbiKaHHa 
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7f~ 2/ CyFf’ (XI* 3) 

rae •—= —$a3Hbiíl K03(})HUHeHT TpaHC<|>opMauHH cnaoBoro 

TpaHC<j>opMaiopa npw OAHHaKOBbix jiHHenHbix HanpfnKemiflx 
oóenx CTOpOH. 

CooTHomeHHH (XI, 2) h (XI, 3) noKa3HBaioT, qio nycKo- 
Bbie opraHbí, yciaHOBaeHHbie b <j)a3ax a h c> nniaioTCH b asa 
pa3a pa3HHmHMHCH no BejwqHHe tok3mh (cm. Taoce ra. II, 
§11; ra. III, § 18). IlocKoabKy BejinqHHbí sthx tokob oxa- 
3MBaiOTCH Ha CTaHUHHX OTHOCHTeJIbHO HeÓOabUIHMH, tieoóxo- 
AHMO CHHTaTbCH C B03M0)KH0CTbK) paÓOTbl TOabKO nyCKOBOTO 
opraHa <j>a3bi c, nHTaeMoro óojibinHM tokom. 

B 9tom cayqae k OMMeipy 3amHTbi BMecio Heoóxoaw- 
Moro u ac noaBoaHTca yMeHbmeHHoe Basoe aoóaBoqHbíM 
conpOTHBaeHHeM 8 (4>hi\ XI, 5). 

TaKHM oópa30M noayqaeM aaa HanpHHceHHH Ha 3aHcn~ 
Max OMMeTpa u p , BHpaHceHHoro qepe3 HanpaaceHHH co cto- 
Pohh 3 Be3flu TpaHc^opMaiopa, caeayiomyio BejmqHHy: 

u p = ~ “žp"/" 3 * (XI,4) 


npH Bbióope HMneaaHca TporaHHa 3a- 
iUHTbi, BbinoaHeHHofí no npHBeaeHHOH oaho- 
CHCTeMHOH exeMe, HeOÓXOaHMO yqHTHBaTb 
HeKOTopwe cneuH(|)HqecKHe ocoóeHHociH aa- 
UepOB COnpOTHBaeHHH TaKHMH cxeMaMH, 
paccMOTpeHHbie HHHce: 

1. AeoHHoe 3 aMbiKaHHe Ha 3eMaio, Ha- 
npHMep, 4> 33 A H C, npH KOTOpOM OaHO H3 
MecT noBpeHcaeHHH pacnojioaceHO Ha jihhhh 
3a peaKTopoM, a apyroe Ha 3amHmaeMoň 
CeKUHH uihh (4>Hr. XI, 6). 

B 3 tom cayqae ociaioqHoe HanpHHceHwe 
neian KopoTKoro 3 aMHKaHHH U noaBO- 
aHMoe k OMMeipy 3amHTbi> npH HMneaaHce 
oahoh 4>a3M peaKTopa z peai paBHO I 3 -z peaK , 
a HMneaaHC Ha 3amiMax peae 

* _ n m l Uac ___ n m 13 * z peaK _ 

n H I i A /cl ' n H 2/^ 

883 0 * 5 * %P ea K • (XI, 1) 

TaKHM o6pa30M npH yqeie aBO0Hbix 
3aMbiK3HHH paccMOTpeHHoro BH.ua HMneaaHC 
TporaHHH 3amHTbi aaa oóecneqeHHH aenCTBH a 
3 amHTbi anHHH, a He 3amHTbi uihh aoaaceH 
BbióHpaTbcq MeHbiue noaoBHHW conpOTHBae- 
hhh peaKTopa, HMeiomero HaHMeHbiiiHíi HM¬ 
neaaHC. OaHaKO, yqHTbJBan Maayio Bepom- 



4>nr. XI,6. JÍBOHHoe 3aMbiKaHne Ha 3eMjno c oaHon tomkojí noBpeacaeHHn 
3 a peaKTopoM, npH kotopom AHCTaHUHOHHan 3amnTa aaei npeyMeHbineHHbiH 

3aMep. 



HOCTb Tanoro noBpeacaeHHH, qado 3 to ycao- 
Bne He BunoaHíieTCfl. 

2. 3aMbiKaHHe Meacay aByMH ^a3aMH 3 a 
TpaHc4>opMaTopOM, HMeiomHM coeaHHeHwe 
oómotok 3Be3aa-TpeyroabHHK (4>Hr. XI, 7). 


^>nr. XI, 7. 3aMbiKaHHe MejKay asyMH 4>33aMH 3 a TpaHc^opMaiopoM c coean- 
HeHHeM OÓMOTOK 3Be3Aa-TpeyrOAbHHK, npH KOTOpOM OaHOCHCTeMHan aHCTaii- 
UHOHHaa 3amnia mojkct aaBaib npeyMeHbineHHbiH 3aMep. 


OaHOCHdeMHbre cxeMbi paccMaipHBaeMoro THna npn 
noBpeacaeHHwx 3a TpaHC^opMaTOpaMH MoryT aaeaTb Hcna- 
xceHHbie 3 aMepw. Ha (Jjht. XI, 7 noxasaHo noBpejKaeHne 
Meacay $a3aMH A n C m CTopoHe Bbicinero HanpflaceHHn 
noBbímaiomero TpaHC^opMaiopa ciaHUHH, HMeiomero rpyn- 
ny coeaHHeHHíi Y/A"H« 3amHTa, KaK 3to oóbiqHO óbiBaeT, 
y.CTaHOBaeHa co ciopoHU HH^mero HanpniKeHHH, coeaHHeH- 
HOÍf B TpeyrOabHHK. B COOTBeTCTBHH CO exeMOH <J)Hr. XI, 5 
ee Tpanc(J)OpMaTopbi TOKa BKaioqeHbí b 4>a3bi A h C. 

•flHHeHHhie tokh Ha CTopoHe TpaHC(j 30 pMaT 0 pa, coeaHHeH- 


B npHBeaeHHOM BbipaafeHHH uq npeaCTaBAHer BeKTop 
HanpnaceHHH $a3U C 3a conpOTHBaeHHeM TpaHc^opMaiopa 
z mp (Toqxa P), BbíHeceHHbíM aan yaoócTBa Ha ctopohv Bbic- 
rnero HanpnjKeHHH (ípHr. XI, 8), t. e. oh yHHTbiBaeT naaeHHe 
HanpnaceHHH b TpaHc^opMaiope. 

Ha OCHOB3HHH COOTHOUieHHH (XI, 2) H (XI, 3) nOABOAH- 
MblH K OMMdpy TOK 

i p = I a -Í c = -l c y r Ž. (XI, 5) 


hoh b TpeyroabHHK, npn npHBeaeHHH Bcex BeanqHH k hh3- 

ineMy HanpajKeHHio HaxoaHicn H3 cooTHomeHHH: HMneaaHC Ha 3aacHMax OMMeTpa 




(XI, 6) 
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JTah onpeAejieHHH z p uejiecoo6pa3HO BoenoAbSOBaTbca 
MeTOAOM CHMMeTpH^HblX COCTaBAHIOlUHX. 

npHHMMan 3a HcxoAHyio HenoBpexcAeHHyio <J>a3y 
momcho aah paccMaTpHBaeMoro CAyqaa KopOTKoro 3aMbiKaHwa 
weMcny 4>a3aMH A h C HanncaTb cjieay lomné cooTHomeHHa. 
Tok noaoHCHTejibHOH nocjieaoBaTejibHocTH 

h = ~ž lc +z*+' 2 Z mp ' (XIt 7) 

rae Z\ c h Z* c — coíipothbjichhh CHCTeArbi ot HyjieBoíi tohkh 
ao TpaHctjiopMaTopa b noAoacHTeAbHoň h 0Tpni;aTeAbHoft 

nocjieAOBaieflbHOCTHX. 



<£>wr. XI, 8. 3KBHBaJieHTHa» cxeMa 3awemeHH5í aah pacqeia 
3a&iepoB OMMexpa npii noBpeacAeHHH no <j*Hr. Vílí,7. 


Tok oipHuaTeJibHOH nocJieAOBaiejibHOCTH 


/ 2 = -/i. 

nOAHbllí TOK 4>a3M C 


(XI, 8) 


Iq = Cfili 4* dí 2 “ (cfi fl) • /j ~ 

__ / y r 3 e$ _ 

Z 2c + 2Z mp 


(XI, 9) , 


HanpHJKeHHe nojio)KHTejibHOH nocJienoBaTejibHOCTH Ha 


3a>KHMax conpoTHBjíeHHH Z mp TpaHC(J)opMaTopa 


Uy — — I\*Z\ C — 


(Z2c "1“ 


(XI, 10) 


Zic + Z2c + *Z mp ' 

HanpHiKeHHe OTpHuaiejibHoíí nccjieAOBaiejibHOCTH TaM ace: 

• - • • Z 2c E ^ 

u 2 = - I r Z 2c = l r Z 2c = ž lc + Z 2c + 2Z mp ' ( XI > !1 ) 
riOAHOe Iianp5I)K6HH6 <J*a3bI C 

,(a 2 Zo c + 2cfiZ mp + aZ 2c ) Ě# 


u c = ď-U x 4 aU 2 = • 


Z\ c 4- Z 2c 4- 2 Z x 


mp 


(XI, 12) 


ConpoTHBJíeHiie Ha 3a)KHMax peae 


Z p — • 


cfiZ 2c 4- 2 a 2 Z m p 4~ a Z 2c 
2j/3 


**mp - 
r 2~' 


V3- 


'2c, 


(XI,13) 


TA6 Z r 2c* sss ‘Z 2c Zmp npeacTaBJíHeT HMneaaHc oTpnuaieAb- 

hoh nocAeaoBaiejibHOCTH CHCTeMbi ao to^kh noBpeHCAeHHH. 

TaKHM oópa30M npn Bbióope HMneAaHca TporaHHH 3a- 
mHTbi HeočxoAHMO yqMTWBaib npeyMeubmeHHbiň 3aMep co- 
npOTHBaeHHH IipH nOBpeMCAeUHH 3a Tp3HC(]íOpMaTOpOM, HMeio- 
ihhm coeAHHeHHe oómotok 3Be3Aa-TpeyroAbHHK, b cayqae 
ecAH toku AByx$a3Horo KopoTKoro 3aMbi kahhh MoryT oKa- 
sbiBaibCH HeAociaToqHbíMH ajíh npHBeAeHHH b aohctbhc 
o6ohx nycKOBbix opraHOB cxeMbi. 

B neKOTopbií cjiyqaax HMneAaHC TporaHHH 3amHTbi ot- 
dpanBaioT TaioKe no qysci BHTe.ibHOCTH ot tokobhx OTce- 
qeK peaKTHpoBaHHbix ahhhh. Bio jseArieTcn ajíh npeAOTBpa- 
meHHH HenpaBHJlbHOH paÓOTH AMCTaHUHOHHOÍ 1 3aiUHTbI LUHH 
iipH noBpe>KAeHHHX b nepBbix bhtk3x peaiKTopoB ahhhh, 
KorAa tok KopoTKoro 3aMbiKaHHH 0i<a3biBaeTCH MeHbrne Tona 
TporaHHH 3aiHHT c OTCCHKOH. 
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yica3aHHbie Bbirne coočpaaceHHH no Bbi6opy HMireAaHca 
TporaHHH 3ainHTbi npHBOAHT k TOMy, hto ero a6co ji íOTHan 
BeAHHHHa 0K&3bIBa6TCH Hpe3BHqaHHO MaAOň H nOHBJíeHHe 
HeĎOAbinoro AonoAHHTeJibHoro conpOTHBaeHHH b neTae ko- 
poTKoro 3aMbiKaHHH hah noAnopa HanpflHceHna npHBOAHT 
k OTKa3y 3amnTbi. C 3 Toň tohkh 3 peHHH ueaecoo6pa3Ho 
npHMOHHTb npeAycMOTpeHHbiH b cxeMe MrHOBeHHbiň 3aMep 
COnpOTHBAeHHH. OAHaKO OH, KaK H3B0CTHO, HHOTAa H0 MOIKCT 
CbiTb HcnoAb30BaH (cm. ta. IV, § 11), HanpHMep, Ha napa a- 
AeAbHbIX peaKTHpOBaHHHX AHHHHX, Ha KOTOpbIX nOBpOKAC- . 
hhh ao peaKTopa MoryT oTKAioqaTbCH kackhaho. 

3amHTa oč^a^aeT cjie^yiomHMH ochobhumh 

HeAOCTaTKaMH: 

1) oóecneqHBaeT ce^eKTHBHOCTb aeficTBHa 
To^ibEO npH cocpeflOToaeHHbix HMneaaHcax Ha 
ajienieHTax, CBH3biBaiomHx AaHHbie ihhhh c oc- 
Ta^bHOÍi CHCTeMOfi, HJIH yCT3HOBKe Ha 9THX 9 Jie- 
MeHTax 6biCTpoÁeflCTByioiHHx 3anxHT; 

2) HMecT OTHOCHTe^bHo Scvibmyio BbiaepxcKy 
BpeM6HH, KOTOpaa b pa^e c^yaaeB MOxceT He 
oSecneaHTb coxpaHeHHa b padoTe noTpeĎHTe^eS 
(HanpHMep, chhxpohhux ABHraTe^eň) h ycTOňnH- 
bocth HenoBpeacAeHHOft nacTH CHCTeMw; 

3) od^a^aeT b HeKOTOpux c^ynaax HejiocTa- 
TOHHOň HyBCŤBHTejibHOCTbio no nycKy ( i p , m nyc- 
kobhx opraHÓB Ao^aceH ycTaHaB^HBaTbca 6o^b- 
III6 Ípa6 max ) h HMneAaHcy TporaHHH oMMeTpa. 

HecMOTpa Ha nepenHCJieHHbie HeAOCTaTKH, cxe- 
Ma BBHAy ee OTHOCHTeJIbHOÍI npOCTOTM ^OCTa- 
TOHHO UIHpOKO npHMeHH^aCb flJIH 3auiHTbI OT 
MHOrO(j)a3HbIX 3aMbncaHHň CeKUHOHHpOBaHHblX UIHH 
reHepaTopHoro HanpaxceHHa, oj kotopux orxoaaT 
peaKTHpoBaHHbie ^hhhh. OAHaKO b noc^ejHee 
BpeMH HMeiofca TeHiieHUHH 33MeHHTb ee RJI a 
yKa3aHHbix c^ynaeB Heno^HbíMH jHípepeHnHa^b- 

HbiMH 3amHTaMH (cm. Hnáte r^. XI, § 12), od^a- 
jiaiomHMH dojibmeň nyBCTBHTejibHoCTbio. 

6. AH4>EPEHU,HAJIbHbIH TIPHHUHn 

Aah 3auiHT niHH, KaK npaBHJio, npHMeHaeTca 
BapHaHT n.H4>epeHUHaAbHofi 3amHTbi, ocHOBaHHbiH 
Ha paBHOBeCHH tokob (cm. ta. V, § 1). 

npHHUHnnaAbHaa oAHOJiHHefiHaa cxeMa anc[)e- 
peHUHaAbHOfi 3amHTbI UIHH, OCHOB3HHOfl Ha paB- 

HOBecHH tokob, r am Ha <J)Hr. XI, 9. 

TpaHC(J)opMaTopbi Tona 1 ycTaHaBJíHBaioT Ha 
Bcex OTBeTBJíeHHHX OT UIHH. 3TH TpaHC(J)OpMa- 
TOpbl TOKa AO^IXCHU HMeTb OAHHaKOBhie tl m BHe 
33BHCHMOCTH OT BejIHHHHbl paÓOHHX TOKOB. 

/ BTopHHHbie oómotkh Bcex TpaHCcpopMaTopoB 
TOKa coenHHHioT napaAJieAbHO h napa^e^bHo xce 
npHKAionaioT k hhm MaKCHMajibHoe pejie TOKa 
2 MrHOBeHHoro ^eňcTBHa. Hepe3 TOKOByio 06 - 
MOTKy pe^e 3aMbiKaeTca tbkhm o6pa30M reoMe- 
TpunecKaa cyMMa tokob, ecjin rjiíi Bcex hx 
npHHHTb OAHHaKOBbie ycAOBHbie noAoaíHTeAbHbie 
HanpaBAeHHH, HanpHMep, k iuhhbm. 

ripH HOpMaAbHOň paÓOTe H CKB03HbIX KepOT- 
KHX 3aMbIKaHHflX CyMMa nepBHHHbIX TOKOB paBHa 
Hyjuo. riosTOMy npn yKa3aHHUx peacHMax nepe3 
peJie 3 aMbiKaeTČa TOJibKO i H 6, onpe,a,eJiHeMbift no- 



rpeillHOCTHMH TpaHC(J)OpMaTOpOB TOK a, llpHHHMaH 
BO BHHMaHHe, HTO BTOpHHHblň TOK K3HCAOTO Tp3HC- 
4)opMaTopa paBeH pa3HOCTH nepBHHHoro toks 
H TOKa HaMarHHMHBaHHH, npHBeiieHHblX K HHCAy 
BHTKOB BTOpHHHOň OÓMOTKH, MOUCHO HalIHCaTb 

Íhů= Ohom I + i HUM II * • *)* (XI, 14) 

Tok TporaHHH aH<|>epeHUHaAbHOft 3aiuHTbi 
aOAHCeH ÓbITb BblĎpaH SOAblHe MaKCHM3JIbHOrO 
3Ha»ieHHa yKa3aHHoro TOKa HeSajianca: 

ip. m Íh6 mai • 



4>nr. XI,9. npHHUHnHajibHaa cxeMa tokoboh 
flHtpepeHuiiaJibHoii 3aui.HTU uihh. 


řípa noBpeacaeHHH b 3amHinaeMoři 30He tok 
qepe3 pe^ie npa HaeaabHbix TpaHC(f»opMaTopax 
cTporo nponopuHOHaaeH Tony b MecTe noBpeac- 
aeHHH. Ecah^tot tok 0Ka3biBaeTca Ooabiue hjih 
pSBHblM ip, fn 3am.HTbi, oHa cpaóaTHBaeT h otkaio- 
qaeT nepe3 npaMexcyTOHHoe peae 3 BbiKAK>qaTeAH 
Bcex a^eMeHTOB, npncoeaHHeHHbix k noBpeacaeH- 
hhm iiiHHaM, Han Ty qacTb hx, qepe3 KOTOpyro 
LUIIHbl CBH3HBaiOTCH C reHepHpyK>in,HMH qaCTSMH 
CHCTeMbl. ? 

ToabKo aH(J)epeHu,HaabHuň npmmnn H3 Bcex 
H3BecTHbix b HacTOamee BpeMH mojkct očecne- 
HHTb ČMCTpoaeficTByiomyK) 3ain,HTy luhh ot Bcex 
bhaob noBpeacaeHHfS, npeacTaBaaiomHx Heno- 
cpeacTBeHHVK) onacHOCTb aaa chctcmu. OaHaKO 
ero npaKTHuecKoe Hcnoab30BaHHe HaTaaKHBaeTCH 
na paa 3aTpyaHeHHfi, ochobhhmh H 3 kotophx 
hbahiotch caeayiomHe: 

1. BecbMa óoabuiHe i H 6, KOTopbie MoryT npo- 
reicaTb uepe3 peae npH CKB03Hbix kopotkhx 3a- 
MbiKaHuax. yBeaaqeHHbie 3 Ha«ieHHH i H 6 b pac- 
■CMaTpHBaeMOM cayuae no cpaBHCHHio, HanpHMep, 
c aH^epeHUHaabHOft tokoboA 3amHTOft reHepa- 
TopoB onpeaeaaioTCH TeM, hto TpaHCiJjopMaTopbi 
TOKa 3amHTbi luhh nnTaioTCa HeoaHHakoBUMH 
TOKaMH. B to BpeMH KaK qepe3 HenoBpeacaeH- 
nae aaeMSHTU npn ckbo3hom kopotkom 3aMUKa- 
hhh 3aMbiKaioTCH ToabKO caaraiomHe TOKa no- 
spexcaeHHa, qepe3 TpaHCcJiopMaTop TOKa noBpeac- 


aeHHoro aaeMeHTa npoTeKaeT cyMMapHHfi tok 
KopoTKoro 3 aMUKaHHH. 3tot tok, ocoěeHHO npn 
yneTe ero anepnoAnnecKoň caaraiomeň, mohcct 
oéycaOBHTb paOoTy TpaHC(J)opMaTopa TOKa c Ha- 
cbímaiomHMCH MarHHTonpoBoaoM h • co3aaTb 
BcaéacTBne BToro Sojibuioft i H 6 b peae. 

Oco 6 eHHO He 6 aaronpnHTHo CKaaawBaiOTCH 06 - 
CTOHTeabCTBa npn ocymecTBaeHHHan<f> e P eHI u iajIb " 
Hbix 3amHT niHH Ha yace aeňcTByiomHx ycra- 
HOBKax, HMeiomHX qacTO TpaHC^opMaTopw TOKa 
C HeOAHHaKOBUMH tl m (BKAKUieHHe npOMeXCyTOHHUX 
aBTOTpaHC$OpMaTOf>OB), HeaOCTaTOHHO BblCOKHe 
ti m (HacbímeHHe npu OTHOCHTeabHO HefíoabuiHX 
KpaTHOCTHX TOKOB CKB03H0r0 KOpOTKOTO 3aMbIKa* 
hhh) h t. a . 

ŤpyaHOCTH 3aecb saKAionaioTCH He ToabKo 
b tom, hto b paue c.TyuaeB npuxoAHTca cnabHO 
3arpy6jiaTb 3amHTbi, ho TaKHce b tom, hto ao 
HacTOHmero BpeMeHH hct enxe aocTaTOHHo xo- 
pomo npoBepeHHbix cnocofioB pacneTa bo3momc- 
hhx MaKCHMaabHbix 3HaneHHň *«<?. 

ripuMeHeHHe aaa 3amHT xhhh aH(t»epeHu.Haab- 
Hbix peae c topmo3hwmh KaTyuiKaMH (ra. V, § 8) 
T3Kxce 3aTpyaHHTeabHO BcaeacTBHe Ďoabraoro 
HHcaa npHcoeaHHaeMbix k uiHHaM 9JieMeHT0B h 
T pyaHOCTH BKaioqeHHH topmo3hux KaTymeK. 

2. BO3MOHCH0CTb HeceaeKTHBHOrO aeflCTBHH 
3auiHTbi. npH oópbiBax nan 3aKopauHBaHHH Bcno- 
MoraTeabHbix npoBoaoB, coeaHHfliomHx btophh- 
Hbie o6motkh TpaHCijjopMaTOpoB TOKa Meacay co- 
6oň. npH t3khx oópbiBax nepe3 peae B03HHKaeT 
tok, paBHbift TOKy Toro saeMeHTa, TpaHCtJiopMa- 
Top TOKa KOToporo OKa3aaca BbiKaioqeHHbíM H3 
cxeMbi. OcoóeHHO SoabUiHX 3 HaneHHň sth tokh 
MoryT, oqeBnaHO, aoCTHraTb npn HaaoaceHHH 
CKB03HWX KOpOTKHX 3aMbIKaHH& Ha CXeMy, HMeiO- 
myio HeHcnpaBHOCTH bo BTopHHHbix uenax TpaHC- 
(JíOpMaTOpOB TOKa. 

C yKa3aHHbiM HeaocTaTKOM b cxeMax 3amnTM 
uihh npHxoaHTca cqHTaTbca b čoabnieň cTeneHH, 
neM b an4>epeHHHaabHbix 3ain,HTax apyrnx sae- 

MeHTOB, B CBH3H CO 3 H 3 HHTeabHbIM KOaHHeCTBOM 
rpynn TpaHC<J»opMaTopOB TOKa, npnMeHaeMbix b 
aaHHOft 3aniHTe. 

3. Bo3MoacHOCTb OTKaioqeHHH Bcex SaeMeHTOB, 
npHCOeaHHeHHbIX K IllHHaM, CKOMMyTHpOB3HHbIM 
no eBponeňcKOMy npHHanny, b cayqae Henpa- 
BHabHoro aeftcTBHH 3amHTbi. floaTOMy Henpa- 
BHJIbHHe aeftCTBHH 3aOXHTbI UIHH MOryT npHBO- 
a«Tb k qpe3BbiqaflHO TaaceabíM nocaeacTBHHM aaa 
CHCTeMH. 

4. .HenpHcnocodaeHHocTb AH(})epeHnHaabHoň 
3amHTU, BbinoaHeHHOfi no HopMaabHOň cxeMe, 
aaa noaHoueHHoS 3amHTbi aBoftHbix chctcm uihh, 
CKOMMyTHpOBaHHbix no eBponeňcKOMy npnHminy, 
očmenpnHHTOMy b CCCP. 

řípu aBoflHoii cncTeMe uihh B03MoacHa padoTa 
Ha oóeHX CHCTeMax. B paae caynaeB Tanne pe- 
acHMbi a^iauiHH 110 kV h BHine,a HHoraa h 35kV, 
HHoraa aaace paccMaTpHBaioTCH KaK HopMaabHue, 
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TaK KaK nOBblinaiOT HaAOKHOCTb paÓOTM CHCTeMbi 
npH noBpeacaeHHH Ha OAHOň H3 CHCTeM raHH 3a 
weT ocTaBJíeHHH b paóoTe reHepnpyiomHX hc- 
TOHHHKOB H ApyrHX 9^eM6HTOB, npHCOeAHHeHHbIX 
KO BTOpoS CHCTeMe. 

O^HaKO flH<i>epeHUHa^bHHe TOKOBbie 3amHTbi, 
Bbino^HeHHue no HopMajibHbíM cxeíiaM, He MoryT 
oóecneHHTb oTK^uoneHHH ToabKO OAHOň noBpexc- 
fleHHOfl CHCTeMH IIIHH, TaK KaK He HMeiOT Heo6- 
xoflHMHx ycTpoflCTB a-kh TaKoro Buóopa. 


Jl,H(})epeHnHa^bHbiň npHHUHn 3amHTbi iuhh, 
HecMOTpn Ha népeHHC^eHHbie HeAocTaTKH, npn- 
MeHsieTCfl bo Bcex cnynaHx, Koi\aa TpeóyeTCH 
ĎUCTpOTa OTKJlIOHeHHH HOBpeiKAeHHň (oéuqHO no 
yCJIOBHHM yCTOňHHBOCTH CHCTeMbl), KOTopyio He 
MoryT očecnenHTb Apyrne H3 H3BecTHbix npHH- 
uhitob. itn^epeHUHa^bHHii npHHunn, AonojiHeHHbiň 
HeKOTOpbIMH npHCnOC 06 ^eHHHMH, npHMeHHeTCH 
T3K5Ke AAH 3 antHTbI UIHH BblCOKOrO HanpHHCeHHH 
CTaHUHfl H nOACTaHUHfl, CKOMMyTHpOBaHHbIX no 
eBponeňcKoň cxeMe, ho paóoTaiomHx Ha AByx 
cncTeMax iuhh. 

7. AH<DEPEHUHAJIbHAfl TOKOBAfl 3AIUHTA A JIH 
UIHH C 3J1 EMEHTaMH, PA50TAK)1U.HMH HOPMAJIb- 
HO HA OAHOÍÍ CHCTEME UIHH 

npHMepHan npHHUHnHajibHasi cxeMa 3amHTbi 

Win CHCTeMH C ĎOJIbUIHMH TOK3MH 3aMHK3HHH Ha 

senwiio npHBeAeHa Ha <j)nr. XI, 10. 

TpaHC<j>opMaTopbi TOKa 1 Bcex aaeMeHTOB, 3a 
HCKJiroqeHHeM UIHHOCOeAHHHTeJIbHOrO BUKAHDHa- 
Te^H, coeAHHHioTCH napaA.ne.abHO h AncjiepeHiíH- 
a^bHO k hhm npHCoeAHHHioTCH ocHOBHHe peAe 
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MaKCHMaJIbHOrO TOKa MTHOBeHHOrO’ AeňCTBHS 2. 

npH noBpexcAeHHH Ha paóoTaiomeň CHCTeMe 
iuhh AeňcTByioT pe.ne 2 h uepe3 npoMeacyTouHoe 
pe.ae 4 OTKiiioHaioT BbiKJuonaTejiH B2, B3 Bcex. 

SJíeMeHTOB. 

.ZIah npeAOTBpameHHH HenpaBHAbHoro asííct- 
bhh cxeMbi npn onpoSoBaHHH toahkom pe 3 epBHOft 
CHCTeMH iuhh b cnynae, ecjiH nocneAHHH oKa3bi- 
BaeTca noBpeacAeHHoň, cnyacaT pe.ne 5 h 6 . Ha- 
npHxceHHe Ha onpočyeMyio CHCTeMy uihh noAaeTca 
qepe3 BbiK.nioqaTe.nb Bl, 
BKJuonaeMHH nepcoHaAOM ot 
pyKH nOC peACTBOM K0HT3K- 

Topa ynpaBaeHHH 7. npn 3a- 
MHKaHHH nocJieAHero mhio- 
BeHHO cpačaTHBaeT npoMe- 
acyTOHHoe pe.ne 6 , uepe3. 

BepXHHŮ CBOĚ KOHT3KT nO- 
AaBaa HMnyjibc Ha BKAioqe- 
HHe BHK^KjnaTeaH Bl, a hhxc- 
HHM CHHMaa MHHyC CBHXOA- 
Horo OTKAionaiomero peJie 4 , 
Ecah BKjnoueHHaa chctc- 
Ma uihh OKa3HBaeTca noBpe- 
acAeHHOň, OHa OTKAJonaeTca 
uepe3 pe.ne 2 h 5 cocahhh- 
Te<nbHUM BHKaronaTeaeM. 
3aeMeHTbi paóoqeň CHCTeMbi 
iuhh npn »tom He otkaio- 
qaioTCfl, TaK KaK c pejie 4 - 
nOCTOHHHblň TOK Ha AOCTa- 
TOHHoe BpeMa chht pejie <?. 
íl^a 9Toro BpeMa B03BpaTa 
KOHT3KTOB pejie 6 B HCXOA* 
Hoe no^OHieHHe nocae pa3- 
MblKaHHH KOHT3KTOpa 7 AOA- 
>kho 6biTb SoJibiue cyMMbi BpeMeH BKJuoneHHa 
h OTKjuoneHHH BbiKAHjnaTeaa Bl h cočcTBeHHoro 
BpeMeHH AeňCTBHH 3aiUHTbI. TaKHMH CBOňCTBaMH 
b HOMeHKjiaType X3M3 oóaaaaioT a^eKTpoMa- 
rHHTHHe peae AAa 3BT0M3THKH CepHH P9-185. 

TaKoe BunoaHeHHe cxeMH oóaaAaeT cJie^yio- 
iuhm cepbe3HHM HeAOCTaTKOM: ecAH noBpe>KAe- 
Hne c onpočyeMoň pe3epBHOfl CHCTeMbi uihh ne* 
peKHHeTca Ha paóoqyio, to oho He óy^eT óbicTpo 

OTKAIOneHO. ýMeHbUIHTb 9TOT HeAOCT3TOK B03- 

mojkho noAaHeň MHHyca k peae 4 npn OTKaioneHKu 
BUK^uonaTean Bl uepe3 óaoKiuafiĎH Ha ero Ba^y 
HenocpeACTBeHHO hah Hepe3 hhhchhA kohtbkt 
pe^e o, BHnoaHaeMbift nepeKAioHaiomHM (noKa3aHo 
nyHKTHpoM). npn stom AOA5KH3 óbiTb o6ec- 
neneHa TiuaTeAbHaa peryanpoBKa ójioKKOHTaKToa 
Ha Baay BHK^ioHaTeaa Bl. 

npn paOÓTe OAHOBpeMeHHO Ha oóenx cncTe- 

Max UIHH C BK^IOHeHHblM UIHHOCOeAHHHTe^bHblM 
BHKaiOHaTeAeM, HanpHMep, b caynae BHAWieHHs 
Ha BTopyio CHCTeMy ahhhh, 3auiHTa KOTOpbň npo- 
BepaeTca, npn noBpexcACHHH Ha aToň BTOpořI 
CHCTeMe OTK^KwaiOTCH Bce aaeMeHTH. riyTeM ne. 



Ha Bkamemie wuho- 
coedumime/tbHBno Bukmmaemm 


$hi\ XI,10. AHiJiepeHmiaJibHan TOKOBaa 3amHTa uihh, ckomm yTHpoBaHHux no eBpo- 
neůcKOMy npiiHUHny, c aaeMeHTaMH, paĎOTarouiHMH HopMaabHO Ha ofluoii chctcmc nojioc. 






KOToporo ycjioacHeHHH cxeMbi npeflCTaB^aeTca 
B03MOMCHUM AeňcTBOBaxb b 9T0M CAynae b nep- 
Byro oaepeAb Ha OTKAiOHeHHe uiHHOcoeAHHHTeAb- 
Horo BHKAioHaTeAa, KaK npH onpodoBaHHH. npn 
3tom B^eMeHTbi ocHOBHOň CHCTeMbi iuHH b CAynae, 
ecAH Bbwe^eHHbiň aAeMeHT He HMeeT reHepupyio- 

meň MOIU.HOCTH C ňpOTHBOnOAOHCHOň CTOpOHbl, 

ocTaioTca b padoTe. Ha Tanoe ycAOHCHeHHe cxeMbi 
oóuhho He H^yT, HMea b BHAy, hto OHa npHMe- 
HaeTca r^aBHbíM odpa30M aah yeraHOBOK c He- 
dOAbUIHM HHCAOM SAeMeHTOB. 

Kax npHHaTO AeAaTb aah Bcex AHťjiepeHUHaAb- 
hhx 3am,HT hihh, ip. m, peAe 2 BHdnpaeTCH He toai>- 
ko dOAbiue MaKCHMaAbHoro 3 HaaeHHH i H g , ho 
T aKxce doAbiue i pm ax HandoAee MomHoro aAe- 
MeHTa. 9 thm npeAOTBpamaeTca HenpaBHAbHaa 
padoTa 3 amHTbi npn odpuBax hah 3aKopanHBa- 
hhhx bo BTOpHHHbix uenax TpaHC$opMaTopoB 
Toxa b CAyuae HopMaAbHoň padoTH CHCTeMbi. 

.Hah kohtpoah 3 a acnpaBHHM coCToaHHeM 
tokobbix uenefl CAyacHT MaKCHMaAbHoe peAe to- 
xa 3, AeňcTByiomee Ha CHTHaA. B ueAHx yňpo- 
meHHa b cxeMe npeAycMOTpeHO TOAbKO oaho 
KOHTpo^bHoe peAe, BKAioueHHoe b HyAeBOň npo- 
boa 3aniHTu. Oho pearHpyeT Ha odpuBu neneň 

OAHOrO HAH AByX TpaHC(j)OpMaTOpOB TOKa H He 
AeflCTByeT npn OAHOBpeMeHHOM odpHBe ueneň 
TpaHC(J)0pMaT0p0B TOKa Bcex Tpex <J)a3. riocAeA* 
hhř bha noBpeacAeHHH caHTaeTca MaAOBe- 

pOHTHHM. 

y peAe, padoTaiomero Ha CHmaA, i p . m Bbidn- 
paeTCa no bo3momchocth MeHbniHM aah CHTH3AH- 
3au,HH odpbiBOB b tokobwx uenax MaAo Harpy- 
HCeHHblX a^eMeHTOB. Oh AOAHCeH dbITb, OAHaKO, 
doAbrne 4(?max npn Hopsia^bHofl padoTe. JXnn 
paccMaTpHBaeMbix ueAeň MoxceT dHTb HcnoAb30Ba- 
ho peAe mna 9T-63 jJX X3M3, HMeiomee i P . m min = 
=0,15 A. Ero neHHbíM cboActbom aah AaHHoro 
CAyuaa HBAaeTCH BbicoKaa TepMHaecKaa yerofi- 
HHBOCTb, onpeAe^aeMaa BCTpoeHHUM b peAe 
npoMeacyTOHHUM HacbiiuaiomHMCH TpaHC(J)opMaTO- 
poM (cm. tji. II, § 19); noaTOMy peAe npH bhco- 

KOft HyBCTBHTeAbHOCTH AAHTeAbHO BMAepHCHBaeT 
MaKCHMajibHbie toRh Harpy3KH ajieMeHTOB npn 
odpuBax. 

OAHaKO sto peAe HMeeT oaeHb doAbiuoe co- 
npoTHB^eHHe, odycAOBAHBaioiuee HHorAa doAb- 
mHe oTCOcu h MaAyio HyBCTBHTeAbHocTb cxeMbi. 
B t3khx cjiyaaax ueAecoodpa3Ho 33MeHHTb peAe 
3T-63 KaKHM-jmdo ApyrHM THnoM. 

JIah npeAOTBpanxeHHa padoTH CHrHaAH3auHH 
npH CKB03HMX KOpOTKHX 33MblKaHHHX, COnpOBOHC- 

AarouxHxca noaBAeHHeM i H g > ip. m peAe 3, OHa 
CHadjKaeTca BbuepiKKoň BpeMeHH Ha CTyneHb A t 
doAbuieň MaKCHMa^bHux BMAepaceK 3aniHT aAe- 
MeHTOB CHCTeMbi, AeňcTByiomHx Ha OTK^roaeHHe. 

npH noAyaeHHH carHajia 3amHTa aoajkh3 bh- 
BOAHTbCa H3 A60CTBHH CHHTHeM H3KA3AKH 10. 

riHTaHHe ueneň nocToaHHoro TOKa 3amHTu 
npoH3BOAHTca ot OTAeJibHbix npeAOxpaHHTeAeň 


(-(- tu ,— ui), TaK KaK axa 3amHTa He MoaceT dbiTL- 
OTHeceHa k KaKOMy-AHdo H3 BbiK^iioaaTeAefi a^e- 
MeHTOB, KOTOpufl BCeTAa MOHCeT dbITb BUBeAeH 
H3 padoTU. Uenn OTKjironeHHa nnTaioTca ot npe¬ 
AOxpaHHTeAeň cooTBeTCTByiomHx BbiKAroaaTeAeii. 

CxeMa HaxoAHT npHMeHeHne aah 3am,HTbi iuhh 
bhcokoto HanpaaceHHH CTaHunň h noACTaHUHft, 
HMeioiUHX HedOAbmoe hhcao npncoeAHHeHHbix 
aAéMeHTOB h padoraioiuHx HopMaAbHO Ha oAHoň 
CHCTeMe iuhh, ecAH BUAepacKH BpeMeHH coot- 
BeTCTByiomHX 3amHT ahhhů HenpneMAeMM no 
yCAOBHHM yCTOflHHBOCTH. 

npH HCn0Ab30B3HHH CXeMU AAH CHCTCM C Ma- 
AblMH T0K3MH 33MbIKaHHH Ha 3CMAIO (HanpHMCp, 

KOMneHcnpoBaHHbix cHCTeM 35 kV) OHa HHorAa 
cHadxcaAacb dAOKHpoBKaMH, buboahiuhmh ee hs 

AeflCTBHH npH ABOHHbIX 33MbIK3HH3X Ha 3eMA!0, 

KorAa oaho H3 noBpexcAeHHň pacnoAoxceHo na 

niHHaX, HAH AaiOIUHMH B03M0HCH0CTb OTKAIOMaTb- 

ch OAHOMy MecTy 3aMbiK3HHH (cm. ta. III, § 29). 
B HacTOsnuee BpeMa npn npHHHTOM AByx<J)a3H0K 
BbinoAHeHHH 3amHT t3khx ceTeň de3 cneuHaab- 
Hbix dAOKHpOBOK 3aiUHTbI IUHH TaKHte CAeAVeT 
BbinOAHHTb AByX(|>a3HbIMH de3 dAOKHpOBOK. 


8. AH<í>EPEHU.HAAbHAň TOKOBAň 3AI1I.HTA A Jiň LUHU 
C ♦HKCHPOBAHHblM PACnPEAEJIEHHEM 3J1EMEH- 
TOB MEMÍ^y CHCTEMAMH 

B HeKOTOpbix CAyqaax Ha CTaHUHax h OTBeT- 
CTBeHHbix noACTaHunax padOTaiOT OAHOBpeMeHHC- 
Ha AByx CHCTeMax iuhh BbicoKoro HanpaHceHHa, 
CKOMMyTHpOBaHHbix no eBponeflCKOMy npHHuHny, 
C HopMaAbHO 33MKHyTbIM UIHHOCOeAHHHTeAbHblM 

BbiKAioHaTeAeM. OTAeAbHbie aAeMeHTM t3khx noA- 
CTaHUHfl nacTo aah HOpMaAbHbix peacHMOB pado- 
TH CHCTeMbi npeACTaBASieTCH B03M0HCHbIM 3aKDe- 
nHTb («3a<J>HKCHpoBaTb») 3 a onpeAeAeHHoň cn- 
CTeMOfl HIHH. 

JEIah t3khx CAyHaeB [JI. 1] MoaceT dbiTb npn- 
MeHeHa AH^epeHUHaAbHaa tokob 33 3amHi3 
(<J)Hr. XI, 11). 

TpaHC^opMaTopH Toxa ycTaHaBAHBaioT Ha 
Bcex aAeMeHTax, coeÁHHaiomHx Ka»Ayio H3 ch- 
CTeM IUHH C APyrHMH HaCTHMH CHCTeMbi, B TOM 
UHCAe h c Apyroň CHCTeMoň Tex acé iuhh. ÍIo- 
STOMy TpaHC<j)OpMaTOpbI TOKa CTOHT T3K2Ce H8 
UIHHOCOeAHHHTeAbHOM BblKAIOHaTeAe. 

BTOpHHHbie OdMOTKH TpaHC(J>OpMaTOpOB T0K2 
(/ hah 2) aAeMeHTOB, 3aKpenAeHHbix 3a KaxcAoň 
H3 CHCTeM IUHH, H COeAHHHTeAbHOrO BblKAIOHa- 

TeAH 3 coeAHHflioT MexcAy codoň napaAAeAbHO 

H AUlJiepeHUHaAbHO K HHM npHKAIOHaiOT COOTBeT- 
CTBeHHO ABa KOMnAeKTa peAe MaKCHMaAbHoro 
TOKa MrHOBeHHoro AeňCTBHa 4 h 5. KpoMe Toro 
ABe yKa3aHHbie rpynnw TpaHCijiopMaTopoB Toxa 
nocAe peAe 4 h 5 coeAHHHioT TaK»e napaAAeAb¬ 
HO h AH^epeHunaAbHo k hhm npHKAionaioT xpe- 
THň KOMnAeKT TOKOBbix peAe 6 . 
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4>Hr. XI, 12. ToKopacnpeaeJieHHe b cxeMe $Hr. 
XI,II npH paóoTe Bcex aaeMemoB Ha oaho# 
CHCTeMe IUHH B MOMeHT CKB03H0r0 KOpOTKOrO 
3aMbIKaHHH. 


4>nr. XI,11. npHHUKriHaJibHaíi cxeMá jiH^epeHUHajibHořf to- 

KOBOH 3amHTbI 111HH, paÓOTafOIUHX C (j)HKCHpOBaHHblM 
pacnpe^ejieHiieM 3 </icm6Htob. 

TaKHM o6pa30M peAe 4 h 5 OKa 3 UBaioTCn 
BoioqeHHbíMH Ha reoMeTpHHecKyfo cyMMy tokob, 
aanpaBJíeHHbix k C00TBeTCTByK>meŘ CHcreMe 
íiihh, a peAe 6— na reoMeTpHqecKyio cyMMy to- . 
kob Bcex a^eMeHTOB, otxoahiuhx ot 3amHmae- 
MHX IUHH (BTOpHqHMe TOKH TpaHCíJlOpMaTOpOB 
TOKa HIHHOCOeAHHHTe^bHOrO BblKAIOqaTeAH BXO- 
ast b cxeMy ABaHíAN, oah3ko, HMea npoTHBono- 
aoacHoe HanpaBAeHHe, ohh AaioT pe3yAbTHpyio- 
■jíh8 tok b peAe 6, paBHbiň HyAio). 

IIlHHOCOeAHHHTeAbHblň BbIKAK>qaTeAb OTKAIO- 

aaeTca qepe3 npoMexcyTOHHoe peAe 7 HenocpeA- 
CTBenHo ot peAe 6. OcTajibHbie BMKAioqaTeAH 
oTKAionaioTca qepe3 npOMeacyToqHoe peAe 8 h 
9 toabko npH OAHOBpeMeHHOM cpaóaTbiBaHHH pe- 
^e 6 c peAe 4 hah 5. Ilpn noBpeacAeHHH Ha oa- 
hoíí H3 CHCTeM hihh, HanpHMep I, cyMMa tokob, 
npOTeKaiomHx qepe3 peAe 6 h 4, nponopiwo- 
Ha^bHa npH HAeaAbHbix TpaHC(J)opMaTopax Tony b 
MecTe noBpexcAGHHH; ohh cpaóaTbiBaioT h qepe3 
npOMeHcyTOHHue peAe 7 h 8 OTKAioqaioT TOAbKO 
nepByio CHCTeMy llihh. BTopaa chctcmh iuhh II 
ee oTKAioqaeTca, TaK KaK reoMeTpnqecKaa cyMMa 
tokob, npoTeKaiomHx b stom cAyqae qepes peAe 5, 
npHMepHO paBHa HyAio, h ohh He AeňCTByiOT. 

ripn CKB03HHX KOpOTKHX 3aMbIUaHHHX npH¬ 
MepHO paBHbí HyAio cyMMbi tokob, npoTeKaiomHx 
aepe3 Bce Tpn KOMnAeKTa peAe 4, 5 h 6, noaTO- 
My 3amHTa Ha hhx He pearnpyeT. 

H3 paccMOTpeHHH paĎOTbi 3am«Tbi cAeAyeT, 
hto npH paĎOTe c npHHaTbiM (Jjhkch pOBaHHblM pac- 
npeAeAeHHeM 9AeMeHT0B hcoóxoahmocth b pe¬ 
rte 6 eme HeT. 

HHbie cooTHomeHHH noAyqaioTca npn paóOTe 
c HapymeHHoň 4>HKcaijHeft 3AeMeHTOB. 

Ha 4>Hr. XI, 12 paccMOTpeHo TOKopacnpeAe- 
.aeHne npH ckb03hom kopotkom 3aMHKaHHH npn 
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Owr. XI, 13, ToKopacnpeaejieHHe b cxewe <{)hi\. VI,li npH 
napymemioft (JwKcauHH h cícbo3Hom kopotkom 3aMHKaHHH. 

pe>KHMe paĎOTH bccmh SAeMeHTaMH Ha oahoh 
CHCTeMe hihh II . B 9tom CAyqae reoMeTpnqecKaa 
cyMMa tokob, npoTeKaiomHx qepe3 peAe 4 h 5 , 
oKa3UBaeTCH yace He paBHOň HyAio, KaK b npe- 
AHAymeM CAyqae, h ohh MoryT HenpaBHAbHO 
cpaóOTaTb. Tanoe ace noAoaceHHe noAyqaeTca h 
npa paóoTe Ha AByx cncTeMax hihh, ho c Ha- 
pymeHHoft (jjHKcauHefi sacmchtob nyTeM, HanpH¬ 
Mep, nepeBOAa npaBoro aaeMeHTa BepxHeň ch- 
CTeMbl I Ha HHHCHSOK) II (<j)Hr. XI,13). 

Oah3KO h b sthx cayqaax reoMeTpHqecKaa 
cyMMa tokob Bcex sacmchtob, npoTeKaromaa 
qepe3 peAe 6 , paBHa npHMepHO HyAio. TaKHM 
o6pa30M peAe 6 cAyacar aah npeAOTBpameHHH 
HenpaBHAbHoň paóoTbi 3amHTbi npn ckboshwx 
kopotkhx 3aMbiK3HHHX b CAyqae HapymeHHoň 
(JíHKCaUHH SAeMeHTOB. 

PeAe 6 HBAaeTCH nycKOBbíM opraHOM 3amHTbi, 
ycTaHaBAHBaiomHM B03HHKH0BeHHe noBpea<AeHHH 
b 3amHmae-Mofi 30He Ha oahoíí H3 chctcm luhh. 
PeAe 4 h 5 npeACTaBAHiOT H36HpaTeAbHbie op- 
raHW, onpeAeAHiomHe npn BHyTpeHHHX noBpe*- 






M cucmemi 

XI,14. ToKopacnpe^eJieHHe b cxeMe <j>Hr. XI, 11 npH HapymeHHOH 
(})HKcauHH h noBpe»AeHHH Ha nepBOH CHCTeMe ihhh. 



4>hi\ XI, 16. Cjiyqafi HenpaBHjibHoro achctbhh 
AHtfiepeHUHajibHO HanpaBJíeHHoň 3amHTbi npn no* 
BpeiKJieHHH Ha IUHHaX C OTKJIIOqeHHeM uiHHocoeAH- 
HHTejibHoro BbiKaioqaTeJiH paHee, qeM jimienHoro. 


| tlumíme 



* f ftumanue 


4>wr. XI,15. CjiyqaH nenpaBHJib- 
aoro jxeHCTBHH nonepeqHbix 
jiH^epeHUHajibHbix 3amHT npn 
noBpen^eHHH Ha immax c ot- 
K.noqeHKeM jiHHeňHoro bhkjiio- 
qaiejia panee mHHocoeAHHH- 
TejibHoro. 


aeHHHx, Ha KaKoň H3 
CHCTeM IHHH IIp0H30- 
III JI O KOpOTKOe 33MU- 
KaHHe. 

HeoóxojxHMO, oji- 
HaKO, OTMeTHTb, HTO 
npn HapymeHHOíí (fw- 
KCaUHH H B03HHKH0- 
B6HHH BHyTpeHHerO 
noBpexcjaeHHH, h36h- 
paTe^bHue nycxoBbie 
opraHbí paóoTaioT 
Hece^eKTHBHo, o6yc- 

JlOBJIHBan B03MC0K- 
HOCTb OTKJUOHeHHH 

oóenx CHCTeM ihhh 
(4 >hi\ XI,14). 

npH yCTaHOBJíeHHH 
4 >HKCHpoBaHHoro pacnpe- 
aejieHHH aaeMeHTOB acejia- 
TejibHO pa3BojiHTb napaji- 
jiejibHbie jihhhh Ha pa3Hbie 
CHCTeMW ihhh. Ecjih na- 


pajuieJibHbie jihhhh CHa6~ 
xceiiu nonepeqHbíMH jiH^epeHUHajibHbíMH 3amwTaMH (Hanpa- 
BJieHHOH HHCjiepeHIIHaJIbHOH HJIH TOKOBOň ÓaJiaHCHOfi), TO 

oxeMa paccMaipHBaeMOH AH<j>epeHuHajibHoň 3amHTbi ihhh 
AO jnKHa óbtTb BbtnojiHeHa c coójnoAeHneM onpeAejieHHMx 
TpeóoBaHHií. 

npH noBpejKjxeHHH Ha nepBOH cncteMe ihhh (cjwr. XI,15) 
nOJltTaHUHH B H OTKJHOqeHHH JIH^epeHUHaJlbHOH 3aiHHTOft 
ee ihhh BbiKJifoqaTejiH 3 napaJiJiejibHoft jihhhh panee ihhho- 
coejiHHHTejibHoro BbiKJiioqaTejiH 5 (HanpHMep, aa cqei hcoaho- 
BpeMeHHOrO HX AeHCTBHH) TOK KOpOTKOrO 3aMbIKaHHH I K OT 
noneraHHHH A k noACTaHUHH B HanpaBHTca no npaBOH jih¬ 
hhh, npncoejiHHeHHOH k iienoBpexcACHHOH CHCTeMe ihhh. 
B pesyjibTaie MoryT ycneTb (no OTKjnoqeHHH BbiKJiioqaTeJÍH 5) 
HenpaBHjibiio cpaóoiaTb óaJiaHCHan TOKOBaa 3amiTa h Ha* 
HpaBJíeimaq AHíJjepeHmíajibHaa 3aiuHTa nojiCTaHHHH A, ot- 
KHioqaH BbiKJiioqaTéJib 2. npn OTKjnoqeHHH AncJ>epeHUHajib- 
HOH 3aiHHT0H IHHH B TOM Híe CJiyqae IHHHOCOeAHHHTeJIbHOTO 

BbiKJHoqaiejiH 5 paHee BbiKjnoqaTejia 3 ((J)hi\ XI, 16) /,/, 
qpOTCKaioiHHH no jieBofí jihhhh ot uihh noAcraHUHH A k 


noACTaHUHH Z>, 6yaei čojibme I" K b npaBOH jihhhh npw 
OAHHaKOBOM HX HanpaBJíeHHH HJIH nOCJieAHHH OKaHCeTCH Ha- 
npaejieHHbíM npOTHBonojiojKHO l' K . B pesyjibTaie MoxceT 
HenpaBHJibHO cpaóoTatb AH(j>epeHUHajibHaH HanpaBJíeHnaa 
3aiUHTa CO CTOpOHM nOACTaHUHH B H OTKJIK>qHTb BMKJHOqa 

Tejib 4. 

JXnn npeAOTBpameHHH HenpaBHjibHoro oTKnioqeHHH na 
pajuiejibHbix jihhhh, pa3BeaeHHbix Ha pa3Hbie CHcreMbi ihhh, 
npH noBpexíAeiiHH Ha nocjieAHHX bo3moíkho oaho h3 cjienyio- 
mnx pemeHHft: 

1) oTKJaioqeHiie AH(})epeHHHajibHOH 3amHT0Ř ihhh bh- 
KaioqaTeJieH napaJiJiejibHwx jihhhh c 3anep>KKOH no oTHorne- 
HHK) K IHHHOCOeAHHHTeJIbHOMy BblKJlIOqaTeJIK) H BblKJIIOqaTe- 
jihm npyrHx s^ieMeHTOB; aBTOMaTHqecKoe BMBeAeHHe H3 
AeňCTBHH HanpaBaeHHbix nonepeqHhix AH^epeHUHajibHbix 
3amHT AaHHOH noAdaHUHH AeHCTByiomeň 3amnTOH uihh; 
nepBWM MeponpHHTHeM npeAOTBpamaeTcn HenpaBHJibHaH 
paÓOTa 3amHT CO CTOpOHbl npOTHBOnOJIOHCHOH nOACTaHUHH, 
BTOpbIM CO CTOpOHbl noBpexcAeHHOH; 

2) OTKas ot ycTaHOBKH na napajuiejibHbix jihhhhx none* 
peqHbix AH^epeHUHajibHbix 3amHT. 

Ecjih hh oaho H3 sthx pemeunfi HenpweMJieMO (nep- 
Boe b CBH3H c yBejiMqeHHeM BpeMeHH OTKjnoqeHHH noBpeyK- 
AeHHií), napajuiejibHbie jihhhh npHxoAHTca npHcoeAHHHTb k 
oahoh CHCTeMe ihhh. 

Ha c|wi\ XI,17 npHBeAeHa npHHUHnHajibHan cxeMa oa- 
Horo H3 B03M0HCHbix BapHaHTOB BbinojiHeHHH paccMaTpHBae- 
moh saiuHTbi, yqHTWBaiomaH b qacTHOCTH HaJiHqne napajiaejib- 
HbtX JIHHHH, pa3BeAeHHblX Ha pa3Hbie CHCTeMH IHHH H CHaĎ- 
HceHHbix nonepeqHHMH AHdiepeHUHajibHHMH 3amHTaMH. Cxe¬ 
Ma HMeeT cjie^yioiuHe ocoóeHHOCTH: 

1. yCTpOHCTBO A JI H OnpOÓOBaHHH TOJiq- 
KOM ; Hanpfl)KeHHfl OAHOH H3 CHCTeM IHHH.npH 
paóoTe Ha oahoh H3 chctcm ihhh h BKjnoqeHHH BTopoň 
uiHHOCoeAHHHTejibHbíM BUKJiioqaTeAeM Bl AH^epeHUHajibHaa 
3amHTa BOcnpnHHMaeT nospoKAeHHe Ha nocjieAHefi xaKpac- 
nojio>KeHHoe BHyTpw 3aiuHiuaeMOH 30 hh. FlpaBHJibHoe ee 
AencTBHe ocymecTBJíHeTcn cjieAyiouiHM oópa30M. npn ach- 
ctbhh KOHTHKTopoM ynpaBjíeHHH 10 npoMe>KyToqHoe pejie //, 
HMeiomee 3aAep}KKy no BpeMeHH npn B03BpaTe (cm. tji. XI, 
§ 7), oAHOBpeMeHHO c nocwjiKoa HMnyjibca na BKjnoqeHHe 
BbiKJnoqaTejiH Bl MrHOBe-HHo pa3pbiBaeT nenb nocioííHHoro 
Toi<a BbixoAHbix npOMe^KyToqHbix peae 8 h P.TaKHM oópa30M 
^Hc[)epeHLiHaJibHaH 3amwTa otkjip qaeT tojii>ko uiHHOcoeAH* 
HHTejibHbin BbiKJiioqaTejib qepe3 cpačoiaBinne pejiei? h npo- 
MOKVToqHoe peJie 7, ocraBJíeHHoe bk jnoqeHHHM. 

B HeKOTOpwx cAyqanx hcoóxoahmo AJiHTejibHo Aep>xaTb 
noA HanpHHceHHeM OAiiy H3 chctcm ihhh, BKjnoqeHHyio qepe3 
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BHKJiioqaTejib BI. to toto qioóbi 

B STOM cjiyqae npH ee noBpeame- 
hhh He čwjia oóecToqeHa bch noii- 

qaTe!í P ejle U qepea nepeKJiio- 
^ ** Cpe^HHH HOpMaJIbHO 
33MKHyTbIí! KOHT3KT pejie 7 JIJIH- 
TeatHo BKaioqaeTca no* Haopa^e- 
HHe m aepncHT uenn BuxouHbix 
npoMercyioqHbix pejie pasopnaH- 

HíjIMH. ÍICJIH npH 8 TOM npOHSOH^T 

noepe^eHHe na ochobhoh CHCTewe 
IHHH, TO OHO OTKJHOqHTCH C M- 
flepaucoa, nocjie toto KaK psjíe 11 
6 W™ oóecioqeHHbíM cpaóoTaB- 
iuhaí pejie 7, bosb paTHTCH c 3a- 
AQpyK KOM B wcxoAHoe nojioaceHHe 

L B e°7ŽT HTb Ue ™ « wx °AHhix 
peae 8 u 9 3amHTu. Ilpn noBpe- 

>KA 6 HHH Ha BUAejieHHOÍÍ CHCTeMe 
ona CucTpo OTKjiioqaeTCH qeoe3 
BbiKMoqaTejib Bl oř pejie 6 h 7. 

A yCTpOHCTBO JJ JI H 

ooecneqeHHH npaBHjibHoň 
pačoTbi nonepeqHbix ^h- 
q>epeH4Ha JibHMx 3amHT 
nap a ji ji e ^ bH u x jihhhh. řípu 

A6HCTBHH 3aiUHTbI IIIHH q tí pe3 HOD- 
MaabH© 33MKHyTblH KOHT3KT peJIC 7 
CHHMaeTCH HOCTOHHHhlH TOK C IIO- 
nepeqHofl jwtjíepeHUHajibHOH 3 a- 
lUHTbi jihhhh c BblKJIIOqaTeJieM B3 
n Bo AaHHoň noncTaHijHH. /Ua 
npeaoTBpameHHH HenpaBHjibHoro 
aeHCTBHH 3aiUHT npOTHBOnOJIOHCHOH 
CTopOHbí napajuiejibHbix jihihh bm- 
KjnoqaTejiH B3 h B5 orKJiioqaioTCH 

c 3 aAep}KKOH, C 03 ,aaBaeM 0 H BepxHHM 

„MTHOBeHHblM" K0HT3KT0M peJie 

BpeMeHH 16 (0,l~u,15 cex.) hjih 

CKOJIb3íimH M ero K0HT3KT0M 
(U,J5 ceK. h Bbirnej. JXnn 9TOro pejie 
BpeMeHH neňcTByeT Ha npoMeacy- 
TOHHoe pejie 74, qepe3 KOTOpoe 
saBe^eHM uenn OTKjnoqeHHH Bbi- 
KjnoqaTejieň B8 h B5 h KOTopoe, 

OAHOBpeMeHHo npHjiHnaq, 4 >hkch- 
pyei KpaTKOBpeMeHHoe 3aMbiKanHe 
CKOJib3«mero K0HT3KT3 pejie Bpe¬ 
MeHH Jj. ť 

llOCJie OTKJIIOqeHHH 3aiUHTOH 
uihh Bcex ajieMeHTOB, 3a HCKJiioqe- 
HHeM OUHOH H3 IiapaJIJieJIbHblX jih¬ 
hhh, tok noBpexcAeHHH, HanpaBJíHio- 
mHHCH no Hen k ihhh 3 m, mohcct 
OK a3aTbca HeAocTaToqHUM j^jin 0 t- 
KJiioqeHHH paccMaTpKBaeMOH jihhhh. 

.Ujih SToro cxeMa HMeeT npHJiHna- 
HHe Ha npoMeacyToqHbix pejie 7, 8 
h 9, BoáBpaT cxeMH b HcxojiHoe 
nojioxceHHenpOHCxojiHT nyTeM niyH- 
THpoBaHHH oómotkh pejie 7 qeoe^ 

HHHCHHH KOHT3KT peJie BpeMeHH 7 ? 

HMeiomHH Bbine P )KKy 6 I l*' 

BpeMeHH, HeofixoAHMoro n*. naa? 
samHiu UIHH. Ajih npenoTBoanfe pa6 °™ 

saKopaHHBaHHH HCTo^H„Ka P nTf" npH 9T0M 
nocaeaoBaTeabHo c oómoÍkoS ^T° r ° T ° Ka 
A,o6aB04 H oe conpoTH B Se " 7 B ™ eH0 

T e A ?o e c P T°H s a 1hV h n n ° D n H ° B H UI e H H K. q y B C T B H- 

“„" c no ", a ": 

JJi.í!' pa«ota«iuiix c HapymeuHo/t»Kca5«e# 
sjíeMeHTOB, qepe3 pejie 4 h 5 H36HpaTejibHbix opraHOB mo- 
ryT npoTeKaTb b oóiueM cjiyqae tokh, nponopuHOHajibHwe 
TojibKo qacTH TOKa B MecTe noBpe^eHHH (4>Hr. XI, 14, pe- 
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Jie 5). Hepe3 peae 6 nycKOBoro opraHa TeqeT tok, nponop- 
UHOHajibHUH nojiHOMy Tony b MecTe noBpenoieHHH. TaKHM 
o6pa30M H36HpaTeJibHwe opraHbí, He TpeóyioiuHecH ^jih aaH- 
Horo penai m a paóoTU uihh, TOJibKO yMeHbiuaioT qyBCTBH- 
TejibHocTb 3amHTbi nocjienHHX. IloaTOMy ajih pencHMOB c 
HapymeHHbíM pacnpe^ejieHneM 3JieMeHTOB Mexc^y chct6m3mh 
uihh npeaycMaTpHBaeTCH myHTHpOBaHHe koht3ktob pejie 4 



h 5 nocpeacTBOM nepeKJnoqaTejni /5, npoH3BOHHMoe ot pyKH. 
JX.na B03Bpaia cpaóoTaBuieň cxeMU b HCxojotHoe nojioaceHMe 
npH TaKOM pejKHMe npenycMaTpHBaeTCH myHTHpOBaHHe 06- 
motkh npoMeacyToqHoro peae 7 qepe3 hh^hhS koht3Kt 
pejie BpeMeHH 13. 

4. ycTpoífCTBO juia oóecneqeHHH n p a b h jib- 
Horo fleHCTBHH CXeMHnpH BUAeJieHHH na OT* 
aeJibHyio c h c t e m y uihh 9JieMeHTac3aneTJie- 
b a h h bi m BbiKJiio q a t e ji e m. ZUh Toro qioóbi coxpa- 
HHTb b paóoie 3JieMeHT npn peBH3HH ero BbiKJiioqaTejin, b 
neKOTopwx CHCTeMax BbicoKoro HanpaiKeHHfl, hm6K)ihhx co- 
oTBeTCtByiomyK) KOHCTpyKUHio no^CTanuHH, stot sjicmcht 
b bijteJiHeTca qepe3 uiHHOCoeiiHHHTejibHbiH BMKJiioqaTeJib Ha 
ouHy H3 ocBoóoHcjieHHbix CHdeM uihh, a ero BHKJiioqaTejib 
,. 3 aneTJiHeTCH\ BcipoeHHbie bo BTyjiKH 3 aneTJieBaHHore bm- 
KJnoqaTejia TpaHCifcopMaTopbi TOKa bhboahtch npn stom H3 
cxeMW KOMMyiauHH BMecxe c BHKJiioqaTe.ieM. M3 cxeMU 3a- 
lUHTbl BblBOJXHTCH TBKHCe HX BTOpHqHbie OÓMOTKH. FlOSTOMy, 
ecjiH yxasaHHbie BCTpoeHHbie TpaHCc|>opMaTopbi Toxa HcnoJib- 
30BaHbi hjih 3amHTbi uihh, óajiaHC tokob b cxeMe Hapj r - 
maeTca. Ecjih npH stom tok b BbiaejieHHOM sjíeMeHTe 6yneT 
óojibiue Tona TporaHHH 3amHTbi, OHa Hece ji eKTHBHO cfpa- 
óoTaeT. 

npH paccMaTpHBaeMOM peatHMe ajih coxpaHeHHfl b pa- 
6oTe A«4)epeHUHajjbHOH 3aumru ochobhoh chctcmm uihh 
ueoóxoAHMo BbiBecTH H3 cxeMbi rpynny TpaHC$opMaTopoB 
TOKa 3 uiHHocoenHHHTejibHoro BbiKjuouaTejiH, BxojHmero b 
uenb 3amHTbi toh cncTeMbi iuhh, Ha KOTopyio BbineJieH 3a- 
neTJieBaHHbiu BHKJiioqaTejib. 3 to iipoh3boahtch b 1 cxeMe 
nocpencTBOM nepexjuoqaTejieH 16, KOTOpwe onHOBpeMeHHo 
Hcnojib3yioTCH ajih aaKopaqHBaHHH BTopHqHwx ueneii Bbiae- 
JieHHblX TpaHC^OpwaTOpOB TOKa 3. 

3amHTa cncTeMbi uihh, Ha KOTopyio BbinejieH sjíeMeHT, 
naK h 3amuTa caMoro ajieMeHTa, aojiacHa ocymecTBjíHTbcn 
hjih cneunajibHbíM pe3epBHWM komujicktom 3amHTbi, ycTa- 
naBjíHBaeMbiM Ha uiHHOcoenuHHTejibHOM BbiKJiioqaTejie, hjih 
nepeBoaoM 3amHT aamioro sJíeMeHTa na uiHHOcoenHHHTejib- 
Hwň BbiKJiioqaTejib. 

npHBeneHHoe Burne paccMOTpeHHe oimoro H3 bo3mohc- 
HblX B3pH3HTOB BMnOJIHeHHH IIOJIHOÍÍ CXeMW flH(}>epeHUHaJIb- 

hoh samHTbi hjih uihh c ^HKCHpoBaHHbíM pacnpeaejieHHeM 
ajieMeHTOB noKa3biBaeT cyMMy BonpocoB, c kotopwmh npn- 
xoiiHTCH HMeib aejio npn ocymecTBJíeHHH Tanux 3amHT. 
HeOÓXOUHMO OTMeTHTb, HTO, HanpHMep, npH OTCyTCTBHH na- 
pajuiejibHbix jihhhh c nonepeqHHMH AH(J)epeHUHajibHWMH 
3amHTaMH exeMa B CBH3H c H3T>HTHeM H3 Hee yCTpOHCTBa 
hjih 3a^epx<KH OTKjnoqeHHH BHKJiioqaTejieH napajuiejibHbix 
jihhhh cooTBeTCTBeHHO ynpomaeTca. 

Ha ocHOBaHHH paccMOTpeHHH AH<t>epeHUHaJib- 
hoS 3aiu.HTbi uihh č <J)HKCHpoBaHHUM pacnpeAejie- 
HueM ajieMeHTOB mojkho c^ejiaTb cjie^ytomue bh- 

BOflbK 

1) 3amuTa paňoTaeT cejieKTHBHo npn BHeuiHHX 
KopoTKux 3aMbiKaHH9x npn J11060M pacnpeAejieHHH 
3JieM6HT0B MeJKfly flByMH cHCTeM3MH uihh; 

2) očecneuHBaeT OTKJHOueHue TOJibKo oahoh 

nOBpeiKAeHHOft CHCTeMbl UIHH npH npHHHTOM (j)HK- 

cnpoBaHHOM pacnpenejiemm sjíeMeHTOB; 

3) OTKjnoHaeT oée CHCTeMbl uihh npn noBpexí- 
neHHH oahoh h3 hhx b cjiyuae HapyuieHna npHHH- 
Toro pacnpejieaieHHH sjíeMeHTOB; 

4) npaBHJibHo AeiicTByeT npH pa6oie Bcex ajie- 
MeHTOB Ha oahoh cHCTeMe uihh; 

5) aeiícTByeT MraoBeHHo Ha orKiiioyenne BbJKjno>iaTe.neft 
Bcex 3JieM6HTCB, sa HCKaioqeiraeM napajuiejbiiux jihhhíí, pa3- 
BepeiiHbix Ha pa3HHe ciictcmh uihh h 3am,nmeHHHx nonepei- 
HblH KHCpepeHUHajIbHblMH 3aiUHT3MH. 

6 ) OAHHM H3 OCHOBHbIX HCAOCT 3TKOB 3aiU,HTbI 
HB^aeTca to, hto OHa TpečyeT (j)HKCHpoB3HHH 3Jie- 


MeHTOB 3 a onpeAe^eHHbíMH cncTeMaMH uihh, hto 
npeACTaBJíaeT onpeAejieHHbie Hey^oScTBa a Ji a skc- 
njioaTauHH. 

CjieAyeT TaKJKe hmotb b BHAy, mto npH pa6oie 
Ha AByx CHCTeMax iuhh cnjibHO yBejiHHHBaeTca ko- 
jiHuecTBo nepeKJiiOHeHHH pa3beAHHHTejiHMH, Tax 
KaK npH peBH3HH KajKAOTO BbiKjuoqaTeJia Heo6xo- 
Ahmo Bce 3jieM6HTbi nepeBOAHTb Ha oAHy cncTeMy 
iuhh. noBpeacAeHHH *e Ha uiHHax qacTO h npoHc- 
X0A9T B MOMeHT paSOTbl pa3T>eAHHHTejI9MH 3a 
cqeT hx nojiOMKH npH HeyAOBJíeTBopHTejibHOM Me- 
XaHHHeCKOM COCTOHHHH H30JIHUHH. OAH3KO Ha 3 T 0 
b HeKOTopbix cjiyqaax npnxoAHTca htth, npHHHMaa 
BO BHHMaHHe, HTO AOCTaTOHHO npocTbix cxeM 3a- 
IUHT, He TpečyrouiHx (JiHKCHpOBaHHoro pacnpeAe- 
jieHHa ajieMeHTOB, b HacToaiuee BpeMa eme He 
cymecTByeT. 

3auiHTa b HacToaiuee BpeMa Hcnojib3yeTca a jih 
uihh CTaHUHň H 'noACTaHUHH Hanpa*eHHeM 110 kV, 
a * HOr '5 a H 35 kV, CKOMMyTHpoBaHHbix no eBpo- 
nencKoň cxeMe h paóoTarouiHX OAHOBpeMeHiio Ha 
o6enx CHCTeMax uihh. 3auiHTa npHMeHaeTca TaK- 
*e ajih iuhh, cKOMMyTnpoBaHHbix no CMemaHHOH 
cxeMe, Koraa aacTb sjíeMeHTOB (HanpHMep, nuTaro- 
iuhx TpaHCt{)opMaTopoB) HMeeT no ABa aBTOMaTH- 
aecKHX BbiKjnoaaTejia. 

9. AH^EPEHUHAAbHAJI TOKOBA5I 3A1UHTA UIHH, 
HE TPEByiOmAH 4>HKCHPOBAHHOrO PACnPEflE- 

JIEHHH 9JIEMEHTOB ME)Kfly CHCTEMAMH 

3amHTa npeaHa3HaiaeTCH hjih uihh CTaumiH h nopcTan- 
uhh, cKOxMMyTHpcmaHHbix no eBponeficKOH cxeMe, paSoTaiomHx 
OAHOBpeMeHHO Ha o6>hx CHCTeMax uihh h HMeiouinx pn^ skc- 
njioaTauHOHHbrx pejKHMOB pacnpeA^JienHii ajieMeHTOB Mexc^y 
yKa3aHHUMH CHCTCMaMH UIHH. 

npHiruHnHajibHaíi OHHOJiHHeHHan exeMa 3amHTbi npHBe- 
Hena h a 4)ur. XI,18 [JI. 2, JI. 1]. 

3aiúHTa BbinojiHeHa Ha ^H(J>epeHUHajibHOM npHHunne chc- 
nojib30BaHHeM cxeMbr Ha uHpKyjiHUHH tokob. fljin 9Toro 
TpaHc^opMaTOpbi TOKa 1 Bcex sjíeMeHTOB 3a HCKjnoqeHHeM 
uiHHOcoenHHHTejibHoro BbiKJuoqaTejiH coe^HHHiOTCíi napaji- 
jiejibHO h AH^epemiHajibHo k hhm npHKjnoqaiOTCH pejie MaK- 
CHMajibHoro Toxa 2. 

Bce flpyrne ocHOBHtie AOÓaBJíeHHn b cxe-Me npenHaaiia- 
nelibí HJIH Bbl 60 pa O^HOň nOBpeXCJieHHOH CHCTeMbl UIHH H3 
jinyx, HaxojtfimHXCfl b oiHOBpeMeHHofi pa6oTe. 

HajiHune noBpejKACHHH b 3amHmaeM0ň 30 He Ha o^hoh 
H3 jiByx chctcm uihh ycTaHaBJíHBaeTCH nocpencTBOM pejie 
MaKCHMajibHoro TOKa 2 , HBJíHiomerocH TaKHM o6pa30M nycKo- 
BbíM OpraHOM 3aiUHTH. 

Bm6op ijpBpeaíneHHoň CHCTeMbl uihh npn pa6oTe c 3awK- 
HVTUM UIHHOCOeHHHHTeJIbHHM BblKJHOHaTeJieM npOH3BOJIHTCH 

MrHOBeHHWMH jiH(})epeHUHajibHHMH TOKOBbíMH pejie 3 , yCTa- 
Ha BjiHBaioiuHMH HanpaBJíeHHe TOKa qepe3 coenHHHTejibHbiH 
BbiKjuoqaTejib no oTHouienHio k Tony b Mecie noBpexcneHHH. 

flH(j)epeHUHajibHwe TOKOBbie pejie 3 , HMeiomne uBe o6- 
motkh— paóoqyio h TopM03Hyio, BKJiioqaioTCH cjiejiyiomHM 
o6pai30M ($ht. XI, 19): 

a) , pačoqan (p. o.) h T0pM03Han (r. o.) o6motkh Kaxc- 
noro H3 pejie coejiHHHioTCH nocjie^OBaTejibHo; 

6) nocjieaoBaTeJibHo BKJiioqeHHbie o6motkh .UByx pejie 
coenHHHiOTCH napajiJiej7bHo Mexcjiy co6oh h npHKJiioqaiOTCH 
Ha jiH(J>epeHUHaJibHbiH tok b cxeMe 3amHTbi nocjieAOBaTejibHO 
c o6motkoA a nycKOBoro opraHa 2 ; 

b) k TOHKaM coejiííHeHHH pačoHHx h TopM03Hbix o6motok 
K ancAoro pejie no^BO^HTCH tok ot TpaHcifjopMaTopa TOKa 4 , 
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VClSKOBjICHHOrO Buenií UlHHOCOe^HHHTeJIJbHOrO BhlKJIIOqaTCJIK. 

npH TIOBpOX^eHHH Ha 0£HOH H3 CHCTeM ÍI1HH Hepe3 pa- 
Čoqyio oóMOTKy o^noro hs pejie 3 npoxo^HT reoMerpHqe- 
cKaa cyMMa Toxa nospejK^enHH h Toxa niHHOcoeflHHHTejib- 
noro BbiKJiKmiejifl, a nepe3 TopM03Hyio oóMOTxy stoto >xe 
pejie pasHQdb yxa3aHHbix tokob. 

B 3Tor MOMeur qepe3 paóoqyio očwvioTKy ETOporo pejie 3 
npoT-exaeT, Haoóopor, pa3HOCTb tokob noBpe^^enHH h uihho- 
COe^HHHTejlbHOrO BbrKJHOHaTeJlfl, a Hep€3 TOpMO3Hyi0 OOMOT- 
xy hx cyMMa. 
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Ta^KHM oópaaoM no^eňcmyeT Tojibxo ota.no 
ni3 jyn^epeHunajibHHx peae, jxavan ibobmok- 
HOCTb OTJKJItOTHTbCH TOJTbKO « G*Bp OKÁCH HO U £H- 
CTeMO (IHHIH. 

npM ttlOB,pe>XA€H(HH> H<a Apy-rOH .ClHC-TOMe UIHií 
TOK HOBpeXvAeHHH & LUH^peHUHiaJlbHOHÍ H6ÍIIÍ 
6y%eT WMCTb to oKe HanpaBJíéH-ne, a .'HanpaBae- 
heo tok a nepe3 tmwHocoe awhhitc jibh bifl Bb&Kjno- 
naTejib iHBMeEHPCH ina o6paTHoe. 

Tipu ©TOM TCeECTByer BTopoe Aja^&pen- 
U:iia'JibHoe ,pe;ie 3, oriHTb a a-Ban BO3MO'vKW0CTb 
OTiKJlíOEiHTbCíl TOJIbXO ÍIOB-pe^eHÍIoS 'CnCTCMe 
UIHH. 

,Bbi6op (noBipojKLTemíoM cwcieMbi iiihjh «pn 
paSoT-e <c pa3o.WH<yTbřiM ni h mcoejxmmejibn lim 
BbiKjiionaTeuioM irrpoHaBOAHTCfl Mr hobciíhhimu ah- 
icjjcpeHuira jimímmu * pejie H-anpHJxeiiHíi 5, cxaKmm- 

'MH BOaMOHCHOGTb OTKJlIOTeHiliH TOŽ -CaCT&Mbl 
uiB-H, (KOTopan MMeeT weHbiuce^ ocTaTcmroe wa- 
IJp5í>K0HHie <inipn M05KlCCy4>a(3HbIX 3aMbUK3HHHX). 

ítH^JCpemuiajibHbic: pejie HanpaJKeHua himciot 
AB e o6motkh:. patořyio ra TopMcamyio. TopMos- 
jran o6MOTKa (ajih <Me>KAyí|)a3Horo KOMinjieiKTa) 
nnTaeTca ot Tpaiíc^JapMa t opoB Htanp hhíohmm toíí 
CBGTGMbl 111’HH, HOBpIeJKAeHHH Ha iKOTOpOH ZOJOK- 
-Hbi oTiKjnonaTbicji nepes AaHHoe pejie HanpaHve- 
hmh, pa6onaa oSMonca—or t paHCíjjopMa Topoa na- 

npjUKeHIHH ‘COOTIBCTCTIB6HIIO ApyrOŽ ICBCTCMLI iUHH. 
fljia 3amHTH OT 3a\íbIKaHHH Ha 3CMJHO B CHCTCMaX C HJ- 
TJIVXO 3a3CMJieHHOH HyJICBOH TOHKOH yCTaHaBJIHBaeTCfl o r- 
^enbHoe ^H^epeHUHajibHOG pojie HanpH>xeHHH. BK.nionaoMoe 
Ha HanpímenHe HyjiesoH nocJienoBaTejibHOcra ^Byx cvictc(\í 
nimi. HanpajKeHHe HyjiCBoťl nocjie^OBaiejibHocTH b npoTH bo¬ 
ji o jiojkH ocTb nojmoMy HMeeT m a kchm a jibho e 3iianeHHe b mpctc 
noBpe>KAeHHH; noaroMy oómotkh STO-ro pejie ^ojiíkhm bkjiio- 
qaTbca npoTHBonojtOiKHO yKa3aHHOMy Bbinie /bia Mexc^y- 
(JjSSHblX 3aMblKaHHH. 

Tipu palotě Ha o^hož H3 chctcm hihh (BTopaa CHcreMa 





6e3 HanpnxceHtfH) óucipoTa OTKJHoneHHH noBpeHcaeHHH #<>- 
■TTHracTCH nocpeACTBOM pejie MHHHMajibiioro HanpHxcěHHH 6 
í(f)Hr. XI, 18), Hei>e3 KOTopHe sase^e-HM uenH otkjhohchhh 
3amHTbI. npH 3T0M OTKJIlOHeHHe REMHOVL nOBpeXÍAeHHOH . CH- 
-cie-Mu uihh (npoHsao^HTca qepe3 3aM«HyTbie KOHTaKTM pejie 
MHHHMaJIbHOrO HaiipHJKCHHa, IipMCOe^HHeHHbtX K TpanciJiopMa- 
TGpa.M Hanpa^KeHHH /ipyroH oóecToqeHHoň CHcteMU uihh. 

JX jih npe^OTBpameHHH HenpaBHJibHoro OTKJiioqeHHH ire- 
ncBpe>KAeHHOH chctcmm uihh upn pa-čoTe Ha odenx cHCTeMax 
h HOBpeaciieHHH Ha ojihoíí m hhx pejie 6 AeucTByiOT Ha 3a- 
'MblKaHHe KOHT3KTOB C BbIAep>KKOHÍ SpeMOBH. yKa3aHHa« Bbl- 
AepxíKa BpeM€HH flOJixcHa óbiTb BUÓpaHa óojibme MaKCHMajib- 
Horo BpeM€HH jieHCTBHH 3amHTH npH pačore «a o6enx CH- 
CTeMaX UIHH H (JiyHKUHOHHpOBaHHH, CJie^OBaTejIbHO, /*H(j>epeH- 
UHajibHMx pejie tok a hjih Banpn híohhh. 

UenH OTKJItOHeHIIH 3aiUHTbI 3aBO,H5ťTCH Hepe3 KOHTaKTbl 

Ha pas^bejiHHHTejiHx, noMombio kotopmx ycTaHaBJíHBaeTCH, 

K KSKOH H3 CHCTeM UIHH B £aHIIblň .MOM6HT BpOMOHU npHCO- 
C# HHHeTCH TOT HJIH Apyroň 9JieM€HT ^3HHOH CT3HUHH HJIH 
nojiCTaHUHH. Ecjih, ojjHaKO, noapexc^eHHe Ha uiHHax -Óy^eT 

BbI3B3HO HempaBHJIbHOft MiaHKnyjIHHH€H C pa3Tj€|AHHHT€JI5IMH 

noA narpy3KOH, uenb otkjiiohchhh ochoto ho BbiKJHOHaTejieň 
OKa3biBaercH pa3opBaHHoň h oh ne CMoaceT OT^ejiHTb no- 
©pextueifiibie uihhh oř ocTajibHoň aacTH sjíeKTpnqecKoň ch- 
CTeMbi. ycrpaHenne yKasanHoro- HejiocTaTKa mojkct 6 biTb 40 - 
CTHrHyTO H3JibneňuiHM ycjiOKHéHHeM cxeMw. riosTOMy o 6 a- 
saTejibHo iipHMeHHTb ójiokhpobkh, npeaoTBpaiuaionuře B 03 - 

MOJKHOCTb T3KHX HenpaBHJIbHbIX AeňCTBHH. 

CxeMa b iiojihom BH^e HMeeT eme pa# AonojiHHTejibHbix 
yCTpOHCTB, yHHTblBaiOmHX CnOUH(J)HHeCKHe peJKHMU paÓOTbl, 
paccMOTpeHHbie b AByx npe£M/iymHx , naparpa<}>ax. ' 

ÍIóctohhctbom 3amHTH aBjíaeTca ee npaaHJibHoe aeň- 
dBHe, očecnenuBaiomee OTKJiioqeHHe tojibko o^Hoň TiOBpe>K- 
JieHHOň CHCTeMbl UIHH, CKOMMyTHpOBaHHblX HO OBpOUO&CKOMy 
npHHUHuy, npHHUHnHajibHO' npH jiiočom pacupeAejieHHH sjíe- 
M6HT0B 'MexcAy CHCTeMaMH. B cbh3h c 9thm cxeMa Hiiorjia 
HMenyéTca yHHBepcajibHOH. 

O^Haiío cxeMa: t 

1) BecbMa cjioxcHa; 

2) TpedyeT bkjikhchhh OTKJnonaiouijHx ueneft uepe3 
o6biHHo HenocTaTOMHo Ha^exaibie BcuoMoraTeJibHwe KOHTaKTbi 
Ha pa3T>ejj,HHHTejiax; 

3) npH HCAOCTaTOHHblX TOKax B UeHH UIHHOC06 ( HHHH- 
TejibHoro BMKjiiOHaTejia no cpaBHeHuio c tokom b Mecie no- 
Bpexc^eHHa AH^iepeHUHajibHbie TOKOBwe peae 3 MoryT ne 
^eikTBOBaib; npH -btom b nepsyio oaepejib óy&eT otkjiio- 

T iaTbCH UIHHOCOeAHHHTeJIbHblH BblKJIFOHaTeJIb, H TOJIbKO HOCJie 
3T oto H«(J>epeHUHaJibHwe pejie HanpaxceHHa 5 jiajiyr bo 3- 
MOyKHOCTb OTKJlIOHeHHa nOBpeHCAeHHOHÍ CHCTCMbl UIHH*, 3aiHH- 

Ta b 3tom cjiyqae padoTaeT KacxajiHO, yBejiHHHBaa BpeMa 
OTKJHOHeHHH HOBpejKAeHHH. 

n-03TOMy yHHBepca,JibHyio cxeMy £H<j)epeHUHaJibHofif 3 a- 
lUHTbl MO-JKHO HpHMeHaTb TOJIbKO flJIH 3amHTH UIHH BMCOKOrO 

nanpHTKeHHH OTBeTCTBeHHbix CTaHiuíH h noflcTammft, ckom- 
vyTHpoBaHHwx no CBponeHCKOH cxeMe, TpeóyiomHx o6a3a- 
TejibHOH paóorbi na ab yx CHCTeMax uihh, M-rHOBemioro ot- 
KJIKyqeHHJI HOBpe>KAOHHH H B TO JKe ©peMH HMOIOmHX HaCTO 
MeHHKXUUíňCfl peJKHM paÓOTbl, H€ ABÍOIUHň B03MOHCHOCTH OCy- 
mecTBHTb 4>HxcauHio sjíeMeHTOB h npHMeHHTb óojiee upocTyio 
cxeiwy 3amHTbi. 

CjienyeT TaKjxe OTMeTHTb, hto nojio^Hbie ycTaHOBKH 
HHonta 6o.nee ue.necooópa3Ho KOMMyrapOBaTb no aMepHKan- 
ckoh cxewe, ^aiomeif b nacTiiocTH ®03MO>KHOCTb ocymecT- 
BJI6HHH BSCbMa flpOCTOH! M COBepUieHHOft 3aUIHTH UIHH. 

10. J3,H4>EPEHUHAJIbHA5I TOKOBA5I 3ALUHTA UIHH, 
CKOMMyTHPOBAHHbIX no AMEPHKAHCKOH CXEME 

npHHUHn«a4i>Haa oAHO.MHefSHaa cxeMa TaKoň 
3amHTU npaBeAeHa Ha (Jmr. XI, 20. 

Jl^ia 331UHT&I Hcnoab3yK)TCa TpaHC(J»opMaTopbi 
Tona (oTaeJibHbie wm BCTpoeimbie), ycTaHaBJíHBa- 
eMHe Ha pa3BH^Ke y Kaac^oro BbiK^róqaTeJia. 


TaKHM o6pa30M Ha KaacAbift ajieMeHT ipeSyiorca 
ABe rpynnbi TpaHC<|)opMaTopoB. 

BTOpHTObie oďmotkh Bcex TpaHc^opMaTopcs 
Tona, y ct aHOBaeHHbix Ha BHKvnoaaTe^ax, np«coe- 
AHHaeMbix k aaHHoň cncTeMe uihh, coeAUHaicTCH 
napa^e^bHO h aniJjepeHUHa^bHo k hhm npHKama- 
kjtch pejie MaKCHMaabHoro Toxa, AeňCTByromHe 
Ha OTK^joaeHHe Hepe3 npoMeacyToqHbie peae. 



4>nr. XI,20. ZlH^epemiHa.ibHaa TOKOBaa 3amiiTa uihu, ckok- 
MytnpoBaHHiJx no aMepnKaHCKOMy npHHUHny. 


TaKHM o6pa30M Kalasi H3 chctcm hihh OKasu- 
BaeTca HMeiomeft cboio 3amnTy, coBepnieHHo He 
saBHCHMyiO OT 3aiHHTbI apyrofi CHCTeMW. 

ripH B03HHKH0BeHHH nOBpeJK^eHHH Ha OflKOň 
H3 CHCTeM niHH cpaOaTbiBaeT mnbKo ee 3 amHra, 
OTK^ionaH cooTBeTCTByiomHe BMK^roHaTe^iH. Bto- 
paa 3amHTa He paóoTaeT, Tax KaK jmn Hée no- 
BpeacAeHHe HBjífleTca bhcuihhm. TaKHM o6pa30M 
oSecneHHBaeTCH ocTaB^eHHe b paóoTe Bcex ajie- 
MeHTOB, npHCOeAHHeHHbIX K IHHH 3 M. 

CxeMa noJiyaaeTCH npocToň, aocTaTO^HO^Ha- 

AewHoň, oOecneHHBaiomeň OHCTpoe OTK^ioqeHHe 

TOJIbKO OAHOň nOBpe5KaeHHO0 CHCTeMbl npa jho- 
6bix pe»HMax padOTbi uihh. ÍIosTOMy ms hihh, 
CKOMMVTHpOBaHHblX no aMepHKaHCKOMy npHHUHny, 
uaHHaa 3auiHTa peKOMeHuyeTCH k npHMeHemito bo 
Bcex CJiyuaax. 

II. PAC4ET AH4>EPEHUHAJlbHUX 3A1UHT UIHH 

OCHOBHblM B paCHeTe UH^epeHUHaAbHblX 3 amHT 
MHH HBJIHeTCH npaBH^bHblft Bblčop ip.m uHiJiepeH- 
unajibHO BKjnoueHHbix MaKCHMajibHbix pejie TOKa, 
ueflCTByiouiHx Ha OTKJiioueHHe: 

1) ip.m AOJiaceH óbiTb Oojibme i H e max, npore- 

xaioiuero qepe3 pejie npn BHeuiHHx kopotkhx 
saMHKaHHHx: . 

Ip .m Ik6 max; (XI, i5V 

2) ip.m UOJDKeH ĎbITb OOJIbUie ípaó. max HaHfíOJiGe 

MouiHoro H 3 npncoeuHHeHHbix sjíeMeHTOU UJia npe- 
UOTBpameHHH HenpaBHAbHoň paóoTH 3 aiuHTbi np;i 
noBpexc^ieHHHx bo BTopHHHbix nenax TpaHC(|3op- 
MaTopoB Toxa: 

ip. m J- > Ípa6 max. (XI, 16) 
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Pacn&T 3amHTti oorviacHO BTopoMy ycjioBmo 

HHKaKHx 3aTpyaHeHHft ne npeACTaBjíseT. 

HHa^e (cm. ivi. XI, § 1 ) oďctoht Bonpoc c 
onpeae^eHHeM i M g max . TpyAHocTH CBH3aHbi 3Aecb 
B UaCTHOCTH C TÉM, HTO npHXOAHTCH BeCTH paCHeT 

c yneTOM nepexoAHoro nponecca b TpaHC<j)opMa- 
Topax TOKa, c yqeTOM anepHOAHqecKoft cnaraiomefi 
TOKa noBpexcAeHHfl. y«ieT btoA anepHOAHnecKoň 

cjiaraiomeň Aah 3amHT iiihh CTaHUHň TeM óojiee 
BaaceH, ito OHa b 9thx MecTax chctcmm 3 aTyxaeT 
HaaSojree MeAJieHHO, TaK KaK nocTOSHHaa BpeMeHH 
3aTyxaHHH onpe^e^aeTCH b ochobhom noaxu hhcto 
peaKTHBHHMH conpoTHBJíeHHaMH reHepaTopoB h 
TpaHC4>OpMaTOpOB. 

Ha $ar. XI, 21 b BHAe npiiMepa npnBeAeHa 
ocmiJuiorpaMMa H 3 MeHeHHa i H g b cxeMe AH<[)epeH- 
uaa^bHoň 3 amKTbi iuhh npa ckbo 3 hom kopotkom 
3 aMbIK 3 HHH. H3 Hee BH£HO, K 3 KH 6 OTHOCHTeAbHO 
čo^ibiune 3 HaaeHHa MoaceT no^yaaTb tok Heda^aH- 
ca b nepBbie nepHOAbi noBpeameHHH, KorAa TpaHC- 



-t>iir. Xl,2I. Ocmi.i.iorpaMMa 3aBHCHMOCTH MrAoBemibix 311 a- 
'íchhh TOKa He6a.ianca b cxeMe AHifiepeHUHajibHoíl 3autHTu 
fflHH B lj>yHKUHH BpeMeHH npH CKB03HUX KOpOTKHX 3aMbIKaHHqX. 

4)opM3Top TOKa, no KOTopoMy npoTeKaeT cyMMap- 
Hblň TOK CKB03H0T0 KOpOTKOTO 3aMbIKaHHa, HaCH- 
maeTca 3 a caeT HaAHWHH anepHOAHnecKOii cocTa- 
BJiaionieft. 

H3 paccMOTpeHna stoů ace KpHBoň MraoBeH- 
Hbix 3HaaeHHň i H e, pacnoAOHceHHoii b nepBbie nepn- 
o^bi no oflHy CTopoHy ot och aScijncc, bhaho, hto 
i H o HMeeT oneHb éo^bmne caaraiomne Bbicmnx rap- 
mohhk. riosTOMy b HeKOTOpwx CAyqanx aah AH<J>e- 
peHunaabHwx 3amHT mim nejiecoo6pa3HO npHMe- 
HHTb peae c TopMoaceHneM ot bhcihhx rapMO- 
HHnecKHX (ta. V, §12). 

noaBHBnineca b nocae^Hee BpeMa npnfíjiHaceH- 
Hbie aHajiHTHMecKHe pacneTbi 3HaneHna i H6mii x b 
nepBbie nepnoAM KopoTKoro 3aMbiKaHna [JI. 3.] 
eme HeAOCTaTO«mo npOBepeHu. IloaTOMy ao Ha- 
CToamero BpeMeHH nojib3yioTCH CAeAyiomHMH co- 
oópaaceHHHMH. 

BHOBb ycTaHaB^iHBaeMbie aah AH([)epeHnHaAb- 
Hoa 3amHTbI TpaHC(J)OpMaTOpbI TOKa BblČHpaíOTCH 
C T3KHMH n m , HTOĎbl HX OUIh6kH B tl m npH M3KCH- 
MSJlbHblX TOK3X KOpOTKOTO 33MbIK3HHH H HaHČOJlb- 
inea BTopHHHoa Harpy3Ke yoaAbiBa^HCb b TaK 
Ha3biBaeMbie AecHTHnponeHTHbie KpHBbie norpein- 
Hocrefi (cm. ta.^ II, § 12). Bahhhhh anepHOAHne- 
cko& CAararomefi ctpcmhtch ynecTb HCKyccTBeHHO, 
vBejiHHHBaa npHMepHO b ABa pa3a pacneTHbiň tok 
KopoTKoro 3aMbiKaHHH. Tok TporaHHH 3amHTbi, 
BMHHC^neMbift no nepBOMy ycAOBHio ceAeKTHBHO- 
cth, BbiĎHpaeTca npH 9tom čOAbine ajiredpanne- 
CKOň CyMMbl TOKOB HaMarHHHHBaHHH Bcex TpaHC- 
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(^opMaTopoB TOKa hah ASCHTHnpoueHTHoro 3 Hane- 
HHH OT COOTBeTCTByionxeŮ BeAHHHHH TOKa KOpOT- 
KOTO 3 aMbIK 3 HHH. 

Ran 3 amHT c TpaHciJ)opMaTopaMH TOKa, HMeio- 
uihmh 3 anaHHHe napaMeTpw, i p . m onpeAe^aeTCH 
KaK ajiredpannecKaa cyMMa tokob HaMarHHHHBaHHH, 
OTHeceHHbix k cflynaio ckbo 3 hoto KopoTKoro 3 a- 
MHKaHHH c HCKyCCTBeHHO yBeJIHHOHHblM npHMepHO 
b RBa pa 3 a tokom noBpe)Kn,eHHH. 

npH onpeAe^eHHH Harpy30K, npHXOflflmHxca 
Ha TpaHC<|)opMaTopbi TOKa, c^e^yeT ynHTbiBaTb, 
HTO B ne^IHX 9 KOHOMHH KOHTpOJIbHOrO KaSe^íH 
BTOpHHHbie nenH TpaHC^opMaTopoB TOKa b HeKo- 
Topbix cflyqasix OKa3biBaeTca uejiecoo6pa3HbiM 
coe,n,HHHTb Meacay codoň He Ha mHTe, «aK 9 to 
yc^oBHO noKa 3 aHO Ha (Jmr. XI, 22 , a Ha cdopne b 
pacnpefle^HTe^tbHOM ycTpoňcTBe hjih Ha otkphtoíí 
noflCTaHUHH (<J)ht. XI, 23 ). 



3>nr. XI,22. CoeAHHeHHe btoph^hux oómotok TpaHCi^opMaTO- 
poB TOKa AH4>epem;HaxbHoK 3amHTU uihii Ha peaeHiioM ume 



«í>Hr. XI, 23. CoeAHHeHHe BTOpfíHHbix o6motok TpaHcipopMa- 
TopoB TOKa AiH^epeHKHaabHoii 3 amHTbi uihh b pacnpeAejíK' 
TeabHOM yCTpOÍÍCTBe IIau OTKpUTOÍI nOACTaHUHH. 

npH Bbióope ip.m pe^ie H36HpaTe^bHHx opraHoi 
aH(|)epeHnHa^bHoa 3ainHT« c (|)HKCHpoBaHHbiK. 
npHCoeAHHeHHeM npHxoaHTCH Tanace ynHTbiBaTb 
c^tynaň KopoTKoro 3aMbiK3HHH Ha BTOpoň cHCTeMe 
niHH, Kor^a Ha 3aa<HMax nycKOBoro opraHa noHB- 
•naeTCH HanpaaceHHe, oóyc^OB^eHHoe na^eHHeM 
HanpaaceHHH ot Tona noBpeacAeHHH b oďmotkc 
ero pe^ie. 3 to mojkct npHBOAHTb k yBe^HneHHio 
no^yHaioHiHxcH pacneTHbix i„g. 

12. HEIlOJIHblE AHOEPEHUHAJlbHblE 3AIUHTbI UIHH 
CyutecTBeHHbíM He^ocTaTKOM AH<[ )e P eHI i Ha<,Ib * 
Horo npHHUHna HBAseTca to, hto npn ero npa- 
MeHeHHH HeoóxoAHMa ycTaHOBKa TpaHCiJjopMaTo- 
poB TOKa na Bcex SAeMeHTax, npHcoeAHHeHHbix 
k 3auiHmaeMbiM uihhbm. 3to b h3cthocth 3 a- 
TpyAHaeT HcnoAb30BaHne AH^epeHitHaAbHoronpHH- 



unna aah 3 aiu.HT ni hh HH 3 Koro HanpaaceHHa 
(6 -ř- 10 kV) CTaHUHH H nOACTaHUHň, OT KOTOpbIX 
sacTo otxoaht doAbuioe hhcao ahhhh. 



XI, 24. ílpHHUHnHajibHaa cxeMa Heno.inoft tokoboh 
AH^ epeHUHaabHoři aaiumbi ceicuHii uihh CTaHUiiH. 


Ha 4>nr. XI, 24 npenCTaB-neHa b OAHOAHHeň- 
ho m BH^e npHHUHnHa^bHaa cxeMa Tax Ha 3 biBaeM 0 ft 
HenoaHOň AH<j>epeHUHaAbHofi 3 aiuHTbi [JI. 4], Tpe- 
dyiomaa ycTaHOBXH TpancíjíopMaTopoB Toxa TOAb- 
ko Ha reHepHpyximHx HcroqHHxax hah aAeMeHTax, 
CBH 3 bIBaK)IHHX AaHHbie IUHHbl c reHepnpyiomHMH 
qacTaMH cHCTeMH. B H 30 dpaaceHH 0 M qacTHOM 
cAyqae TpaHCiJjopMaTopu Toxa aah 3 auiHTbi xaxc- 
noň H 3 eeXUHň UIHH AOAHCHbl ČHTb yCTaHOBAeHbl 
Ha reHepaTOpe, noBbnuax)meM TpaHC<t>opMaTope 
h cexuaoHHOM peaxTope. 

3 th TpaHC^opMaTOpbi Toxa, HMerouwe oahh 3 - 
KOBbie n m , coeAHHaiOTca napaAAeAbHO h AHťjiepeH- 

UliaJIbHO X HHM npHCOeAHHHIOTCa MaXCHMaAbHbie 
pene Toxa, AeftCTByioiuHe Ha OTXAroqeHne aAe- 
MeHTOB 3 amnmaeMoň cexuHH. 

l'p. m AOAHCeH BbIÓHpaTbCH ÓOAbUie ip max. KOTO- 
pbiň MoaceT OTAaBaTbca noTpedHTeAHM qepe 3 
naHHyio cexuHH) uihh c yqeTOM k e peAe Maxcn- 
MaAbHoro Toxa: 

k f H 

í'p.m sss ~h Ípa6 max- (XI, 17) 

K a 

Bbiaepjxxa BpeMeHH AOAixHa duTb Ha CTyneHb 
A t óoAbiue MaxcHMaAbHoň BHAepixxH BpeMeHH 
3 amHT aAeMeHTOB AaHHoň cexuHH, He oxBaqeHHbix 
TpaHC<J)opMaTopaMH Toxa 3 amHTbi. 

B tom CAyqae, ecan oxBaaeHHbie TpaHCijiop- 
MaTopaMH Toxa a^ieMeHTU HMeioT cocoeAOToqeH- 

23 Pe.ieílHaa 3aiwiTa 


Hbie HMneAaHCbi, i p . m h BbiAepacxa BpeMeHH 3amH- 
tm MoryT óbiTb BbiópaHbí HHaae. 

BbiAepacxa BpeMeHH 3 auiHTbi BbidHpaeTCH Ha 
CTyneHb Ač doAbiue BpeMeHH dbiCTpoAeňCTByio- 
iuhx 3 auiHT aAeMeHTOB, ne oxBaneHHUX TpaHc- 
(JiopMaTopaMH Toxa 3 amHTbi uihh (MaxcHMaabHok 
toxoboíí 3auiHTM,— oTceaxH, ycTaHOBAeHHoft Ha 
peaXTHpOBaHHHX AHHHHX H AH<[>epeHUHaAbHOň 3 a- 
iUHTbi TpaHC<J)opMaTopoB coóCTBeHHoro pacxoAa). 
3thm npeAOTBpamaeTca HenpaBHAbHoe AeflcTBHe 
3 amHTu uihh npn noBpeacAeHHax, HanpHMep, Ha 
yxa 3 aHHbix ahhhhx ao peaxTOpoB hah b nepBHX 
BHTXaX nOCAeAHHX. i"p. m 3 ain,HTbI npH a TOM AOAJKeH 
dbITb BblČpaH ÓOAbUie MaXCHMaAbHOrO TOXa xo- 
poTXoro 3 aMbixaHHH, nocbiAaeMoro BceMH reHe- 
pnpyiouiHMH aAeMeHTaMH AaHHoň cexuHH npn 
noBpexcAeHHH 3 a cocpeAOToqeHHbíMH HMneAaHca- 
mh yxa 3 aHHbix aAeMeHTOB c yqeTOM ero 3 aTyxa- 
hhh, onpeAeAfleMoro BpeMeHeM padoTH 3 anurm. 
JIpyrHMH CAOB 3 MH, Í"p. m AOAHCeH dbITb dOAbnie 
Toxa xopoTxoro 3 aMbixaHHH, npoTexaximero no 
9 ^ieMeHTy npu noBpe»AeHHH 3 a ero HMneAaHCOM: 

,rr , w , . 

íp. m = max • (XI, 18) 

TaxHM odpa30M npeAOTBpamaeTca HenpaBHiib- 
Hoe AeňCTBHe 3amHTbi npu noBpeacAeHHHX 3a 
peafiTopaMH aAeMeHTOB, He oxBaqeHHux TpaHC- 
4>opMaTopaMH Toxa 3aiu;HTH, hah 3a noHH3HTeAb- 
HblMH TpaHC(J)OpMaTOpaMH. 

RBa yxa3aHHwx opraHa nycxa h BbiAepjxxH 
BpeMeHH MoryT dbiTb Taxíce npiiMeHeHbí oaho- 
BpeMeuHO. TorAa npH doAbiunx Toxax noBpeacAe- 
hhh 3auiHTa padoTaeT c OTHOCHTeAbHo HedoAbiuoň 
BHAepjxxoň BpeMeHH, npn HeóoAbniHx »ce Toxax 
noBpexcAeHHH OTXAioqeHHe odecneqHBaeTca, ho c 
noBbiuieHHHM BpeMeHeM. 

npn npHMeHeHHH cxeMbi aah 3am,HTbi uihh 
reHépaTopHoro HanpHxceHHH CTaHunň HaqaAbHbie 
tokh noBpeacAeHHň Ha uiHHax, onpeAeAaeMbie 
CBepxnepexoAHbíMH conpoTHBAeHHHMH reHepaTO- 
poB, oóbiqHo CbiBaioT AOCTaToqHo BeAHXH. Tokh 
« ce noBpeacAeHHH Aaace xo BpeMeHH cpadaraBa- 
hhh doAee dbiCTpoAeňCTByromero H3 paccMOTpeH- 
Hbix xoMnAexTOB peAe (npndAH3HTeAbHO 1 cex. ot 
B 03HHXH0BeHHH XOpOTXOrO 33MbIXaHHÍl) npH OT- 
cyTCTBHH peryAHTopoB HanpHXceHHH dbicTpo 3a- 
TyxaxiT h MoryT oxa3aTbca MeHbrae ip. m - 

IloaTOMy (HanpHMep, npHMeHHTeAbHO x 3amH- 
Te uihh CTaHUHft) MOixeT oxa3aTbCsr ueAecoodpa3- 
hum BapuaHT c (jjHxcauneň HaqaAbHoro 3 HaqeHHn 
Toxa xopoTxoro 3aMbixaHHH [JI. 4, JI. 5] aah doAee 
rpydoro nycxoBoro opraHa ((Jinr. XI,25). 

Oh AeftcTByer cneAyiomHM odpa30M. Ilpn bo 3- 
HHKHOBeHHH KOpOTKOrO 3HMbIKaHHH Ha 3auiHuiae- 
moř cexuHH uihh cpadaTbiBaiOT xax rpydufl l, Tax 
h doAee qyBCTBHTeAbHbift 2 nycxoBHe opraHbi. 
JleňcTByeT npoMe>KyToqHoe pene 3 h noAyqaer 
npHAHnaHHe qepe3 KOHTaxTbi pene 2. IIoBpeiKAe- 
HHe oTKAioqaeTCH qepe3 pene BpeMeHH 4 , c Bbi- 
AepjKKoii 0,7 rh, 1,2 h npOMexcyroqHoe pene 5. Ec- 
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H aaaiume MUHmcuibHoao 
fíanp^enufi 

4>m\ XI, 25. npHHUHiiHajibHafl cxeMa Henojmoíi tokoboíí AHtJiepeH- 

UHa^bHOH 3 amHTbI C 6 KUHH IIIHH CT 8 HUHH C JIByMH nyCKOBblMH OpraHaMH, 
H3 KOTopbix ópjiee rpyóbiň HMeeT 4>HKcauHio HauajibHoro 3 HaueHHH 
TOKa KOpOTKOrO 3 aMblK 3 HHH. 



Rmaxumt 

MUHUManhHOiQ 

uanpjDk&M 


jih b npouecce paÓOTbi pejie BpeMeHH 4 tok ko- 
poTKoro 3aMbiKBHHH cnaaeT h pejie 1 pa30MKHeT 
cboh KOHTaKTbi, 3 to He HapyuiHT ^eficTBHH 3amH- 
Tbi, TaK KaK 6ojiee nyBCTBHTejibHoe pejie 2 , KaK 
npaBHJIO, Óy^eT OCTaBJIHTb CBOH KOHTaKTbl 33MK- 
HyTblMH. npH HeĎOJIbUIHX HaHajIbHbIX TOK3X no- 
BpOK^eHHH b cjiyqae KopoTKoro 3aMbiKaHHH Ha 
uiHHax hjih pe3epBHoro a^hctbhh 3amHTbi pejie 1 
He paSoiaeT. Tor^a 3amHTa &eňcTByeT nepe 3 pejie 
BpeMeHH 6 , HMeiomee Bbmep^KKy BpeMeHH óojib- 
rnyio, qeM Ha 3anj,HTax ajieMeHTOB, He oxBaneH- 
HblX TpaHC(})OpMaTOpaMH TOKa 3ailXHTbI HIHH. 

O^HaKo 3tot BapnaHT HenpHMenH-M b Tex jkc cjiyHaux, 
mto h ^HKcauHH MrHOBeHHoro 3aMepa conpOTHBJíeHHH (cm. 
r ji, XI, § 4). 

B cxeMe HenojiHoií flHífrepeHHHajibHOH 3amHTbi uihh B3a- 
MeH tokobhx aiycKOBbTx opraHOB c cooTBeTCTByK>iuHMH *opra- 
HaMH BbI^ep>KKH BpeMeHH MOJKeT ÓbITb U6JIHK0M HipHCOejIH- 
HeHa 3amHTa MHHHMajibHoro HíMnenaHca (cm. tjt. XI, § 4). 
Taxan KOM6Hi|npoBaHHafl 3auiHTa Ha3biBaeTCH flHcJjepeHHHaJib- 
'HO-HHCTaHUHOlfHOň HJIH flHCTaHUHOHHOfi C BKJHOHeHHeM Ha 
cyuMy tdkob nHTaiomHx 3jieMeHTOB. npHHHHnHajibHaH cxeMa 
ee < npHMeHHTeJIbHO K 3amHTe CeKUHOHHpOBaHHHX UIHH CT 3 H- 
uhh (6e3 ceKHiiOHHoro peaKTcpa) npHBeAeHa Ha (J)Hr. XI, 26. 
Ha stoh cxewe Becb KOMiuieKT 3amnTH MHHHMajibHoro hm- 
ne^aHca noxasaH ycjiOBHo oahhm pejie mhhhm ajibHoro HMne- 
naHca, HanpHíKeHiie k KdopoMy jjojihýho noABoyjHTbca ot 
H 3xepHTejibHbix ipaHC({)ops\iaTopoB 3amHmae\ioH cckuhh hjih 
T paHC(f>epa, ecjiii Ha nocjiejiHHři nepeBe^eHbí sjíeMeHTbi 
cexuHH. 

Tok TporaiiHH nycKOBoro opraHa TaKoíí kom 6 hhhpob 3 H- 
hoíí 3aminbi iBHoHpaeTCH corjiacHO (XI,17), KMnejiairc Tpo- 
raHHH — 'MGHbrne MHHHMaJibnoro HMnejiaiica TpaHCíjiopMaTOpoB 
coódBeHHoro pacxozta hjih peaKTopoB jihhhh, He oxBauen- 
HbIX TpaHC(})OpMaTOpaMH TOKa 3aiUHTH. 

Bbiaep>KKa BpeMeHH ycTanaBjíHBaeTCH Ha CTyneHb A t 
ÓOJlbUie BH^epníCK BpeMeHH ÓblCTpO^eHCTByiOmHX 33III.HT 
peaKTOpOB JIHHHň H OIOHHHCaiOmHX TpaHC(})OpMaTO!pOB. 


<Í>hi\ XI,26. npHHUHnHa^bHaa cxeMa flucTaHUHOHHO- 

flH(}>epeHUHaJIbHOH 3 aiUHlbl CeKUHH UIHH CTaiIUHH. 

P^ccMOTpeHHbie 3aui,HTbi oójiaAaioT cjie^yroujn- 
MH OCHOBHblMH HeAOCTaTKaMH: 

1) HMeiOT OTHOCHTeJIbHO ĎOJIblHHe BbWep)KKH 
BpeMeHH Aaxcé b Tex cjiyqaax, KorAa SAeMeHTbi, 
He oxBaneHHbie TpaHC(J)opMaTopaMH TOKa 3auxHTbi, 
HMeioT cocpeAOTcreeHHbie conpoTHBAeHHa; 

2) AOCT3TOHHO cjioíKHH 3 a cneT napajmejibHoro 
coeAHHeHHH TpaHc4>o^)MaTopoB TOKa Bcex ajieMeH- 
tob, MorymHx mrraTb noBpexcAeHHbie uihhh. 

OAHaKO CXeMbl AHCTaHIÍHOHHO-AH4>epeHUHajIb- 
HOÍi H HenOAHOft AH^epeHUHaAbHOH 3amHTbI c 4>hk- 
caunefl HaqaAbHoro 3HaqeHHH Tona Koporaoro 3a- 
MHKaHHH MoryT HMeTb cAeAyiouxHe npeHMymecTBa 
no cpaBHeHHio c paccMOTpeHHofi Bbirne 3ainHToň 
MHHHMaAbHoro HMneAaHca (rji. XII, § 4): 

1) KaK npaBHjio, 6ojiee l iy bctbht e.jibiibi no ny- 
CKy, TaK KaK pearnpyioT Ha cyMMapHbiň tok b Me- 
CTe noBpexíAGHHH; 

2) MoryT 6biTb 6o.riee qyBCTBHTenbHbí b uejioM, 
TaK Kax, HanpHMep, HyBCTBHTejibiiocrb OMMeTpa b 
cxeMe 4>Hr. XI, 26 He AOAJKiia c.orjiacoBUBaTbca c 

OÓblHHO MaAblMH COnpOTHBJíeHHHMH nOBblCHTeAbHbIX 
Tpanc<i)opMaTopOB h ceKHHOHHbix peaKTopoB; na 
3aMep SToro OMMeTpa MeHee bjihhiot R n , TaK KaK 
naAeHHH HanpHx<eHHsi Ha hhx onpeAeAHioTCH tcm 
> xe tokom, KOTopbiíi noAaeTCH k ero 3 a>KHMaM, 

h t. a.; 

3) 3amHTbI npaBHAbHO 4>yHKHHOHHpyK)T T3KH<e 
b Tex CAynaax, KorAa cbh 3H MexcAy 3amnmaeMbi- 
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<J>nr. XI, 27 . 3 amHTa MaKCHMajibHoro HanpHHceHHH HyaeBQH noc- 
jieAOBaieabHOCTH ajih idhh b cncieMax c nacTHHHO 3 a 3 eM;ieH- 
HblMH HyaeBblMH TOHKaMH. 


Ohi*. XI, 2 S* AMepHicaHCKHíi Tiín cneuwajibHofi 3 amHThi uihh ot ojiH0(|)a3Hbix 

33MbIK8HHH Ha 3eMJřK>. 


3 to Moxcer npÓK 30 HTH b tom cjiynae, Kor&a nepBbíMH 
OTKJIIOHaTCH Bce T 6 BHKJlfbnaTeJIH, KOTOpMe COe^HHHIOT no- 
BpexcA-ewHbiá QJieMeHT c nacTHMH CHCTeMbi, HMeioii^řavíH aa- 
3 eMJieBHHe HyjieBbie tohkh. ílocjie ©toto sammu, ycT 3 HOB- 
jieHHbie na ©JieMeHTax, CBHi 3 biBaK>mHx inoBpexí^eHHbíHí sjíe- 
MeHT C reHBpHpyiOillHlMH *řaCTHMH CHCTeMbi, HMeiOmHMIÍ H 30 - 
jmpoBaHHHe HyjieBbie tohkh, .zteHCTBOBaTb yxce He cMoryT, 
Tax Kax toku noBpexcmeHHH ÓymyT nptaKTH^ecKH 6 jiH 3 kk 
k iHyjiio. 


MH CeKltfiHMB UIHH He HMeiot peaKTopoB 
(4>Hr. XI, 24). 

IIo 3 TOMy, HecMOTpH Ha nepeuHCJieHHbie Ebirne 
He&ocTaTKH, cxeMbi ({mr. XI, 25 h XI, 26 (b ochob- 
hom nepBaa) b nocjieAHee BpeMH uacTo npHMe- 
hjiiotch #jih 3 aiUHTbi ceKUHOHHpoBaHHbix uihh re- 
HepaTopHoro uanpH>KeHHH. 

13. CIIEUHAJIbHblE 3AIU,HTbI UIHH OT^OAHO- 
OA3HbIX 3AMbIKAHMH HA 3EMJl1o 

3aiHHTa 1UHH OT OAHQt(>a3Hb1X 3aMMKaHHH Ha 3BMJIIO 
b cHcreMax, KMeioiuHx h3cthhho 3a3eiMJie«Hbie HyjieBbie tohkh. 

B MOlUHbIX 9JieKTpHH€CKHX CHCTeMSX BHCOKOTO HanpHHCeHHH 
(110 kV h Bbímé), paóoraioiHHx c narjiyxo' 3 a 3 eMJieHHWMH 

řiyjjeBHMH TOHK3MH, B UeJIHX yMeHbHieHHfl TOKOB 3aMHK^HHH 
na ■ seMJiio ocymecTBJíaioT HacTHHHoe 3a36MJieHHe HyjieBHx 
TC^eK CHJIOBblX TpaHC^OpMaTOpOB CTaHHHH H . HOflCTaHItflfi. 
3to MeponpHHTHe b neKOTopbix cjryqaax HíejiaxejibHo TaKJxe 
fljiH Ha^ejKHoro AeHCTBHH ycTanaBJíHBaeMbix samHT ot 3a- 
MHKaHHH Ha 3e'MJIIO, TaK KSK AaeŤ B HaCTHOCTíI B03MO)KH0CTb 

coxpaHHTb b. -cHCTeMe ripn paaJTH^Hhix komm yTa hhohhhx ne- 
peKJIÍOHeHHHX H OTKJIIOqeHHHX npHMepHO HOCTOHHBblH -pexcHM 
323eMJieHHH, onpenejiHK)iii;HÍi b ochobhom toku Byjiesoň no- 
cjie^OBaiejibHocTH. ' ' 

řípa 3amHTe tekkx chctcm cJienyeT oopaiijaTb BHHMaHHe 
na to, mo6bi npH oTKjncrceHHHx o,HHO(}}a3Hbix 3a-MbiKaHHH Ha 
aeMJíK). 0T#ejiKHbie nacin ceiH He ocTáBajmcb ipadoT-aio- 
IHHMH C 0/iH0(j)a3HbIM 3aMbIKaHH6M Ha, 3eMJII0 HpH M30JIHpO- 

BaHHoa HyjieBOH to-hk€. B nocjie^HeM cjiynae sa cneT nepe- 
Me^aiomeficH bojibtoboh flyrn, oČycjiOBjíeHHoň eMKOCTHbíM 
TOKOM, MOryT B03HHKHyTb HeAOHyCTHMHe nepeHaiípH5KeHHH. 


npH noBpexc^eHHHx Ha uiHHax h irpHMeHeHHH »HJi5r hhx 
cneuHajibHbix óbiCTpoAeíicTByiomHx 3amHT ©Tore, Kax npa- 
BHJIO, ÓtíTb He* MOJK€Tj TaK KaK 3aiHHTW JIHHHÍÍ OKa3HB3K)T- 

ch paOoTaiomHMH npH kopotkom 3aMbiKaHHH Ha mHHax óojiee 
Me^JieHHO. - - 

ripn 3amHxe ihhh nocpe^cTBOM 3au;HT sjíeivieHTOB, k hhm 
npHCoejíHHeHHbix (jihhhS, arperaTOB reHepaiop-TpaHCí^opMa- 
TOpl H _T. ,H.)» Heo6xO'HHMO XapaKTepHCTHKH nOCJie^HHX nOA- 
ÓHpaTb TaK, HTO-Óbl XOTH OA«H BHKJHOHáTeJIb, •CBH3blBaiOmii& 
noBpeHcneHHbie iíihhh c 3a3eMJieHHHMH 9JieMeHTaMH CHCTeMH, 
OTKJIIOHajICH nOOJieHHHM. 

. ^IpH noBpeHQieHHHX na jihhhh onacHOCTb mohcct B03- 
HHKHyTb, nanpHMep, b cjryqae, ecjiH nocjieHHHH coeHHHHer 
Harjiyxo 3a3eMjieHHyio CHCTeMy -c nacTbio, HMeiomeíi h30jih- 
poBaHHyio HyjieByio Tomy h hctohhhk mramíi. 

B uocjieflHHX c^ynanx na cooTBeTCTByiómHx niHHax 
yexa hhb jiHBaeT ch <b KanecTBe pe3épBHoň MTHOBeHHaH 3amHTa 
M aKCHMa jibHoro HanpffxceHHH HyjieBOH nocjieAOBaTejibHOCTH 
((j)HT. XI, 27). 

Ee HanpHHceHHe TporaHHH tip. wbw^h pae tch Oojibme msk- 
eHMajibHoro HanpHJKeHHH HyjieBOH nocjieAOBaTejibHocTH, no- 
HBJíHiomerocH npn 3a&ibiKaHHHX Ha 3eMJiio HpH 3a3eMJieHHbix 
HyjieBbix TOHKax. 

B cjiynae * ocjih npH 3aMWKaHHH Ha 3eMJiio Ha immax 
hjih Aaxfe na jihhhhx CHCxeMa OKa3HBaeTCH paóoiaiomeH 

C H30JlHpOBaHHOň HyjieBOH TOHKOHÍ, HanpHHCeHH6 'HyJISBOH HO- 
cjieHOBaiejibHOCTH pe3KO BOBpacTaeT h 3amHTa MaKCHMajib- 
hoto HanpHHceHHH oTKJHOHaeT HiHHbí, a BMecTe c hhmh k 
renepHpyiomHe hctohíihkk c H30JiHpoBaHHbiMH nyjieBbíMH to^í- 

KSMH. 

O^HHM k3 ČymeCTBeHHHX HeHOCTaTKOB 3TOH 3aiHHTK 
HBJíHeTCH TpyAHOCTb Bbidopa HanpHHceHHH TporaHHH, o6ec- 
ne^HBaiomero ee oejieKTHBHOcTb h b to jko BpeMH nocTa- 
TOHHiyiO qyBCTBHTeJIBHOCTb. riOSTOMy ee HaCTO BbinOJIHHlOT 

c BHHepaKKofi* BpeMeHH OojibmeH, hbm y pe3epBHWx 3 a-mHr 

CMeJKHMX SJICMeHTOB CeTH H HOHHJK6HHHM Uú. m. 


23* 
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SamuTbi ot 3aMbiKaHHÍi Ha seMjiio aiviepJiKaH- 
CKoro raná. npHHumiHajibHaH cxeMa 3 amHTbi inpeA- 
CTaBjíeHa Ha <})Hr. XI, 28. npHHunn AencTBHH 3a- 
iAHTbi nocTpoeH Ha ncnojib 30 BaHHH TOKa noBpejK- 
AeHHH, HanpaBJíHíOLuerocH b 3 eMJiio no cneunajib- 
hoh 3 a 3 eMjiHiomeH niHHe, npn 3 aMbiKaHHnx Memjiy 
(})a 3 aMH ihhh h MeTajiJinqecKUM KapKacoM pacnpe- 
AejiHTejibHoro ycTponcTBa hjih MeTajiJinqecKon 
qaCTbK) OnOpHbIX H 30 JIHT 0 p 0 B. 

Ha 3a3eMjmiomeH uiHHe ycTaHaBjMBaeTcn 
TpaHC(})opMaTOp TOKa, nnTaiomHH pejie MaKCHMajib- 
Koro TOKa MTHOBeHHoro AeficTBHH, OTKJiioqaiomee 
qepe3 npoMexcyToqHoe pejie BbiKjnoqaTejiH Bcex 
ajieMeHTOB, npncoeAHHeHHbix k noBpe^KAeHHon cn- 
cieMe niHH. 

npHiHUHn 3 ani;HTbi TpeóyeT npHMeHeHHH cne- 
unajibHbix cTpoHTejibHbix MaTepnajio-B, njioxo npo- 


boahuxhx ojieKTpuqecKHH tok, hjih cneuHajibHon 
KOHCTpyKUHH HCeJie3HbtX KapKaCOB 3AaHHH HJIH OT- 
KpbITbIfX nOACTaHHHH. 

CxeMa MOJKeT npHMeHHTbCH AJIH 3aiII,HTbI OT 
3aMbiKaHHH Ha 3eMJiio ihhh KaK b cHCTeMax c Ha- 
rjiyxo 3a3eMJieHHoň HyjieBon ToqKon, TaK h b ch- 
CTeMaX C MaJIblMH TOKaMH 3aMbIKaHHH Ha 3eMJHO 
(HanpHMep, 3a3eMjieHHbix qepe3 BbicoKooMHbie a k- 
THBHbie COnpOTHBJíeHHH). 

CxeMa niHpoKo npnMeHHeTca b CIIIA. B CCCP 
OHa pacnpocTpaHeHHH eme He nojiyqnjia b qacT- 
HOCTH B CBH3H C TeM, HTO H6 OXBaTbIBaeT BCeX 
BHAOB nOBpeXCAeHHH, OT KOTOpbIX cqHTaeTcn Heoó- 
xoahmhm 3amnmaTb niHHbí, a TaKnce BBHAy Heo6- 
xouhmocth coopyjKeHHH noACTaHUHH cneuHajibHoň 
KOHCTpyKAHH. 


TJIABA XII 

3ÁmHTA ACHHXPOHHbIX H CHHXPOHHbIX HBHTATEJIEň 


I. HA3HAHEHHE 3AlUHTbI 

Ochobhhmh BH^aMH noBpejKfleHHfi ABHraTejieň 
hbjihiotch: 1) MHoro<J)a3Hbie 3aMbiKaHiia h 2) oaho- 
(j)a3Hbie 33MbIKaHHH Ha 3eMJIIO HJIH MeHí^y BHT- 
K3MH OAHOň 4>a3bi. 

OcHOBHblM BHAOM HeHOpMajIbHbIX peiKHMOB 
paÓOTbl HBJIHIOTCH CBepXTOKH. 

3th CBepXTOKH hjih acHHxpoHHbix ABHraTejiefi 
b ochobhom oĎycjioBjíHBaioTCH: 1) neperpy3KOH 
npHBOAHMoro b ABHjKemie MexaHH3Ma; 2) cHHXíeH- 
HblM npOTHB HOpMajIbHOTO HHCJIOM o6opOTOB 
BcjieACTBHe npoHcxoAHBiuero b cHCTeMe noHHJKe- 
HHH HanpHHieHHH; 3) OÓpbIBOM OAHOH H3 4>a3 B 
iienH, nHTaiomefl ABHraTejib. 

fljra chhxpohhmx ABHraTejieíí CBepXTOKH onpe- 
AejiaioTCH, KaK h ajih acHHxpoHHbix, neperpy3Kofi 
npHBOAHMoro b ABHJKeHHe MexaHH3Ma; KpoMe toto 
qacTOň npHHHHoň hx bo3Hhkhob6hhh MoxíeT hb- 
jiHTbca Bbina/ieHHe ABHraTejiH H3 chhxpohh3M3 h 
nepexoA ero b acHHxpoHHbiň pe>KHM paóoTbi. 

JÍBHrafejiH, npeHMymecTBeHHO acHHxpoHHbie, 
HCnOJIb3yiOTCH B COBpeMeHHbIX SJíeKTpHHeCKHX 
ycTaHOBKax b oneHb óojibinoM KOjimecTBe. Ctoh- 
MOCTb HX A JIH CpeAHHX H HeÓOJIbUIHX MOUIHOCTeií 
B ÓOJIbUIHHCTBe CJiyiaeB OTHOCHTejIbHO HeBejIHKa. 
3KcnjioaTaiiHH 3am,HTbi ABHraTejieň b npoMbimjieH- 
HbTX yCT3HOBKaX IIpOH3BOAHTCH, KaK npaBHJIO, He 
cneuHajibHo ajih stoto Bbmeji&HHbíM nepcoHajioM. 

IlpHMeHeHHe 3aiUHTHbIX yCTpOHCTB , r KOTOpbie 
pearapoBajiH 6bi Ha éojibíHHHCTBO bo3mojkhhx bh- 
aob noBpexiAeHHň h HeHopMajibHbix pesKHMOB pa¬ 
stora ABHraTejieň, moikct npHBec™ k 3Hawrejib- 
HOMy yCJIOIKHeHHK) 3THX 33IIIHT H HX SKCnJIOaTa- 
UHH. 

ri03T0My OCHOBHOe BHHM3HHe AOJIJKHO ÓbITb 
oópameHO Ha xopomyio nocTaHOBKy aKcnjioaTaiwH 
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ABHraTejiefi, TmaTejibHoe npOBeAeHne ocmotpob h 
peBH 3 Hií h CBoeBpeMeHHoe ycTpaHeHHe BbíHBjíeH- 

hhx npH 3 tom AeďjieKTOB. 3 auiHTa xe ABHraTejiefi, 
B OCOÓeHHOCTH CpeAHeíí H HeĎOJIblUOH moiiihocth, 
AOJIJKHa ÓbITb M 3 KCHM 3 JIbHO npOCTOH H HaAe>KHOH. 

B COOTBeTCTBHH C H 3 JIO>KeHHbIM AJIH 33 IHHT 
ABuraTejieň, b oco 6 eHHOcm HeSojihuioň moiiihocth 
h HanpHiKeHHeM 500 V h HH>Ke, oneHb ihhpoko hc- 
nojib 3 yiOTCH njiaBKHe npeAOxpaHHTejin. ripn .ocy- 
mecTBJíeHHH 3 am,HTbi nocpeACTBOM pejie ochobhoc 
BHHM aHHe oópamaeTCH Ha oňecneieHHe ee Aeň- 
CTBHH npH MHOTO(})a 3 HbIX 33 MbIKaHHHX b ABHraTe- 
JIHX H HeKOTOpbIX BHAaX CBepXTOKOB. 

CneiiHajibHaa 3 auiHTa ot 3 aMbiKaHHň Me>KAy 
BHTK 3 MH oahoS (J)a 3 H, KaK npaBHJio, He ycTaHaB- 
jiHBaeTca, HecMOTpH Ha to, hto 3 TOT bha noBpext- 
Abhhh HBjíaeTca OTHOCHTejIbHO HacTbiM. 3 to onpe- 
AejineTCH TeM, hto b HacToamee BpeMa He cy- 
mecTByeT AOCTaTOHHo yAOBjíeTBopHTejibHoíí h Ae- 
rneBoň 3 auiHTbi ot yKa 3 aHHoro bha& noapejK- 

AeHHH. 

OčbíHHo Ha ABHraTejiax He ycTaHaBJíHBaioTca 
TaKHíe 3aiUHTbI OT OAHO(J)a3HbIX 33MbIKaHHH Ha 
3eMjiK>, TaK KaK ABHraTejiH, KaK npaBHjio, pačoTa- 
k>t b CHCTeMax c HanpajKeHHeM 6 kV h HHace, 
HMeiouiHx Majibie tokh 3aMHKaHHa Ha 3eMjno. 

npH B 03 HHKH 0 BeHHH OAHO(})a 3 HOrO 33 MbIKaHHH 
Ha 3 eMjno TpeyrojibHHK jiHHeňHbix HanpaiKeHHH, 
onpeAejiarouiHíi paóoTy ABHraTejia, ocTaeTca b Ta- 
KOň CHCTeMe npaKTHaeCKH HeH 3 MeHHbIM. FIoaTOMy 
ABHraTejib npoAOjixcaeT pa 3 BHBaTb HopMajibHbiii 
BpauiaiomHH momcht. Tokh oAHo 4 >a 3 Horo 3 aMbiKa- 
hhh Ha 3 eMjno, onpeAeJiaeMHe eMKocTaMH <J)a 3 
CHCTeMbi AaHHoro HanpaxceHHa'- no othouichhio k 
3 eMJie, oňbíHHO He npeBoexoAHT HecKojibKHX aMnep 
h nosTOMy He Moryr odycjiOBHTb cepbe 3 Horo no- 
BpeaiAeHHH CTajiH CTaTopa ABHraTeJieii. 



Bo 3 HHKiiiee OAHo<})a3Hoe 3 aMbiKaHHe Ha 3 eMJiio, 
onpeaejiaeMoe no noxa3aHHHM ycTpoftcTB aah koh- 
TpOJIH H30AHH.HH, OTbICXHBaeTCH H A H K B H A H p y CTC H 
BpynHyio AeJKypHbíM nepcoHajioM. 

PícKjiioqeHHeM b stom othouichkh hbahiotch: 
ABHraTejin, paóOTaromne b qeTbipexnpoBOAHbtx 
ceTax HanpajKeHHeM 380/220 V, HMeiomax b uejiax 
6e3onacHocTH o6cjiyjKHBaioui,ero nepcoHajia Ha- 
rjiyxo 3a3eMjieHHyK> HyjieByio Tonxy; ABHraTeAH 

OaeHb ĎOAbUIOH MOUÍHOCTH, Ha KOTOpbIX yCTaH3BAH- 
BaioTca 3amiiTbi, noAOČHbie reHepaTopHbíM, a Tax- 
*e ABHraTejiH, paóoTaiomHe b ceTax co 3Haaa- 
TejIbHblMH TOXaMH 33MbIXaHHH Ha 3eMJHO, XOTOpbie 
npH AOCTaTOHIIOH AJIHTeJIbHOCTH MOTyT npHBOAHTb 
X CHJIbHblM nOBpeaíAeHHHM MaUIHH. 

IIpH B03HHXH0BeHHH / nOBpe>XAeHHH 3auXHTa 
acHHxpoHHoro ABHraTejia AOJOXHa oóecnenHTb ero 
oTKjnoaeHHe. Ha chhxpohhom ABHraTejie coBpeMea- 
hoh xoHCTpyxuHH, HMeiomeM acHHxpoHHbiH nycx, 
samHTa xpoMe toto AOjiwHa nepexjnowrb ero 06 - 
MOTxy B036y)KAeHHH Ha - pa3paAHoe (nycxoBoe) 
conpoTHBjíeHHe. Ha chhxpohhhx ABHraTejiax CTa- 
poň XOHCTpyXUHH, He HMetOIUHX acHHxprfHHoro 
nycxa, 3amHTa AOAJKHa npHBec™ b abhctbhc 
ycTpoftcTBo a Ji a aBTOMaTHqecxoro ranieHHa no- 

jia <Arn>. 

řípa HeHopMajibHOM, onacHOM AJia ABHraTeAH, 
pe*HMe paóoTH 3amHTa b 33bhchmocth ot bo3- 
hhkhihx ycjiOBHň AOJOXHa npoH3BecTH Te ace Aefi- 
ctbhh, hto h npa noBpeacAeHHH ABHraTejia, hjih 
Tojibxo AaTb carHaji oficjiyacHBaiomeMy nepcoHaay. 

.fljia CHHxpoHHtJx ABHraTejieň coBpeMeHHoťi 
KOHCTpyxuHH qacTO npH CBepxTOxax, očycAOB- 
jieHHbix BHnaaeHHeM H3 CHHxpoHH3Ma, npeAycMa- 
TpHBaeTca nepeBOA hx b acHHxpoHHbiň nycxoBOň 
peacHM ajih oČJieraeHHH oópaTHoň CHHxpoHH3a- 
hhh. B Tex xce ueAax HHorAa MoaceT npHMeHHTbca 
aBTOMaTHMecxaa pa3rpy3xa npKBOAHMoro ABHra- 
TejieM b ABHMceHne MexaHH3Ma. 

B HexoTopux cjiyaaax Ha ABKraTejiax npnxo- 
Ahtch ycTaHaBJíHBaTb 3amHTHbie ycTpoňCTBa,npeA- 
Ha3HaaeHHbie b ochobhom He ajih hx HenocpeA- 
CTBeHH§ň 3auiHTbi, a ajih oóecneaeHHH Secnepe- 
OoflHoíi paOoTbi ycTaHOBKH b ueAOM, npeaoTBpa- 
meHHH HeoHiHAaHHoro ajih oOcaysxHBaiomero nep- 
coHajia caM 03 anycxa ABHraTejiefl nocjie hx ajih- 
TeJIbHOfl OCT3HOBKH H T. A. 3tO TJiaBHblM OĎpa30M 
OTHOCHTCa K 3auiHTaM, AeftCTByiomHM B pe3yjlb- 
TaTe noHHJxeHHH HanpajxeHHa b cHcreMe (cm. 
TA. XI , § 9). 

2. IlEPErpy3KA ABHrATEAEň 

neperpy3xa ABHraTeAH onpeAeAaeTca npHBO- 
AHMUM HM B ABHIKeHHe MeX3HH3MOM H XapaKTe- 
pH3yeTca noaBJíeHHeM tokob, npeBbímaximHx ho- 

MHHaJIbHblň. 

HoMHHaAbHaa MomHOCTb ABHraTeAeň b HacToa- 
mee BpeMH yCTaHaBAHBaeTCH, hcxoah H3 Harpesa 

ero OČMOTOK AO MaKCHMaAbHOfi AJIHTeJIbHO-AO- 


nycTHMoň hah, hto to ace, HOMHHajibHofi TeM- 
nepaTypu t H0M npn TeMnepaType oxjiaacAaiomero 
B03Ayxa t g —3 5°C. 

noaTOMy Aaace OTHOCHTeAbHo HedoAbmaa ne- 
perpy3xa ABHraTeAH, paóoTaiomero npn TeMne¬ 
paType /«=35°C, npnBOAHT k neperpeBy ero 

OĎMOTOK. 

ypaBHeHHe Harpeea ABHraTeAH. H3MeňeHne 
npeBHiixeHHH TeMnepaTypu x očmotok HaA TeM- 
nepaTypoň ox^aacAaiouiero B03Ayxa ot Haaajib- 
Horo 3HaaeHHH x 0 ao KOHeaHoro ycTaHOBHBHieroca 
3HaaeHHa x max npoHCxoAHT b TeaeHHe HexoToporo 
BpeMeHH, 33BHCHmero ot pesyAbTHpyiomefl Tenao- 
eMKOCTH C h TenaooTAaaH b oxpyacaiomyio 
cpeay A ABHraTeaa. 

npeBbímeHHe TeMnepaTypu t ajih xaacAoro mo- 
MeHTa BpeMeHH opHeHTHpOBOHHO onpeAeaaeTCH 
caeAyiomHM o6pa30M. 

Tenao, BUAeaHiomee b ABHraTeae 3a BpeMH dt, 
npn Toxe / nocTOHHHOň BeaHHHHbí qacTbio b ko- 
annecTBe Cdx, hagt Ha noBbioieHHe TeMnepaTypu 
ABHraTeaH Ha dx\ ocTaabHas ero nacTb, paBHaa 
Á'idt, pacceHBaeTca b oxpyacaiomyio cpeAy. 

ri09T0My ypaBHeHHe TenaoBoro čaaaHca npa 
KOAHqecTBe BbíAeJiHiomerocH b eAHHHuy BpeMeHH 
Tenaa Q HMeeT bha: 

Q-dt=Cdx+Axdt (XII, 1) 


CqHTaa BeaHHHHH C h A npHóaHaceHHo no- 
CTOHHHbíMH, pa3AGAHeM nepeMeHHbie X h 

^=-Q^4T- (XH.2) 


JIah nojiyneHHH BpeMeHH t, b TeneHne koto- 
poro ABHraTeab HarpeBaeTCH ot HanajibHoro 3Ha- 
neHHH x 0 ao x, ypaBHeHHe (XII, 2) HHTerpnpyeTCH: 


HAH 


/"-/ 


0 T 0 


Cdx 

Q — At 0 ’ 



O — At 0 
Q— Ax ' 


(XII, 3) 
(XII, 4) 


OTCioAa noAynaeM npeBbímeHHe TeMnepaTypu x 
npn HarpeBaHHH ABHraTeAH b Teqeime BpeMeHH t: 

t 


TeopeTH^ecKH ^BHraTejiio TpeóyeTCH BpeMH 
t= oo, HTOĎbi HarpeTbCH ao npe^eJiLHoro sHane- 
HHH T=T max , npH KOTOpOM KOJIH^eCTBO BblAeJlíUO- 
meroc5í b HeM Teruia paBHO kojihhgctby Tenjia, 
pacceHBaeMOMy 3a to ace BpeMH. 
ll03T0My n 

Tmax = . (XII, 6) 

Q 

Bx6AHui.ee b BbipanceHHe (XII, 5) OTHomeHHe -j 
Ha3biBaeTca nocTOHHHOň BpeMeHH HarpeBa T : 

T=~. (XII, 7) 
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C yMSTOM (XII, 6) nocTOHHHaa BpeMeHH Ha- 
rpeBa MoaceT óuTb JipeACTaBAeHa b bhac 

(XII, 8 ) 

t. e. OHa npeACTaBaaeT coóofi BpeMH, b TeqeHHe 
KOToporo ABiiraTe^ib, HMeiomaň TenaoeMKOCTb C, 
HarpeBaeTca ao npeBumeHHs TeMnepaTypu T max , 
ccah Bce Temio Q, BbiAeAHiomeecH b hcm b eA«- 
HHuy BpeMeHH, HAeT Ha ero HarpeB. 

ypaBHeHHe (XII, 5) c yneTOM (XII, 6) h (XII, 7) 
npHHHMaeT bha: 

_ t_ 

^ 5=5 ^max ~ (tmax tj) 6 ^. (XII, 9) 



$iir. XII, 1. 3aBHCHM0CTb npeBMiueHHjr TeMnepaTypu ot 
B pe.MeHH /vin ABiiraTC.iH, paĎoiaBinero ao neperpy3KH c to- 


Ha (Jmr. XII, 1 npHBeAeHa npnMepHaa 33 Bhch- 
MOCTb npeBbmieHHH TeMnepaTypu x ot BpeMeHH 
ajih c^ynaa, KorAa ABnraTejib nepeA bo3hhkho- 
BeHneM neperpy3KH c tokom / nHTaAca HOMHHajib- 
HblM TOKOM Ihom H, CAeAOBaTeAbHO, HMeJI npeBbl- 
iueHHe TeMnepaTypu x 0 =x„ OjK . 

KacaTejibHaa, npOBeAeHHaa k KpiiBoň HarpeBa 
b TOHKe, cooTBeTCTByjomfeň BpeMeHH t = 0 , Ha- 
KJiOHeHa k och aócimcc noA yraoM y, npnqeM 

„_ ( dx \ _ T max T max hom 

o~ T ~* 

3ia KacaTe^bHan xapaKTepH3yeT npouecc HarpeBa 
ABHraTeAH npn aAHaóaTnqecKOM ero npoTeKaHHH, 
KorAa Bce BbiAeAHiomeecH Tenjio hact Ha noBu- 
rneHHe TeMnepaTypu, pacceHBaHHe b oKpyacaio- 
myio cpeAy oTcyTCTByeT h x max AOCTHraeTca 3a 
KOHe^Hoe BpeMH, paBHoe nocTOHHHofi BpeMeHH T. 

OnpeAeAeHne hoctohhhoíí BpeMeHH HarpeBa. 
BeaHHHHa nocTOHHHOň BpeMeHH T, nponopnno- 
HaabHaH Ten^oeMKocTH ABHraTeaH, He HB^ineTca 
HeH3MeHH0ň H 33BHCHT OT ÓbICTpOTbl npOTeK3HHH 
ero HarpeBa. 9 to oÓijHCHHeTCH TeM, hto nporpe- 
BaHHe H30AHUHH, H B OCOÓeHHOCTH CT3./IH, npO- 
hcxoaht MeA^eHHee, qeM nporpeBaHHe MaTepnajia 
oómotkh. ílosTOMy npH MeAJieHHOM HarpeBaHHH, 
onpeAeafleMOM HeóoAbuiHMH tok3mh, qacTb Tenaa 
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npoBOAa oómotkh ycneBaeT nepeAaBaTbcn 
H30AHHHH h CT3AH ABHraTBAH h ero TenjIOeM- 
KocTb oKaauBaeTCH SoAbnieft, qeM aah c./iyqaH 
duerporo HarpeBa, cooTBeTCTByiomero óoAbuiHM 
CBepxTOKaM, KorAa npaKTHnecKH Bce Ten.no hact 
H a HarpeBaHHe TOAbKO caMofi oómotkh. 

B pe3yjibTaTe nocTOHHHaa HarpeBa, cooTBei- 
CTByjoniaa HeóoAbuiHM TonaM, OKa3UBaeTca 6o.nb- 
me, neM A-na 3HaqHTeAbHux CBepxTOKOB. 

Oah3ko nojiyqatouiHecfl KO-neóaHHH BeAHqHHbí T 

HeBeAHKH, B CBH3H C qeM npH paCCMOTpeHHH npo- 
ueccoB HarpeBa ABaraTe^eá oéuqHO cqHTaioT no- 
CTOHHHyio BpeMeHH HeH3MeHHoň, onpeAe-nHH ee 
aah cayqafl HarpeBa TOAbKo oómotkh. 

npn onpeAeJieHHH stoA nocTOHHHOň npeHe- 
dperaioT TaK*e H3MeHeHneM conpoTHBAeHHH oó- 
MOTKH B 33BHCHMOCTH OT TeMHepaTypbl H BAHH- 
HHeM nOTepb B CT3AH H BeHTHAHIIHH Ha HarpeB 
ABHraTe^iH. 

rio^Haa TenAoeMKOCTb C (W sec/°C) oómotkh 
BupaacaeTCH qepe3 yAeJibríyio TenjioeMKOCTb c 
(W sec/kg °C), yAeAbHbiň Bec y (g/cm 3 ), AAHHy l (m), 
ceqeHne 5 (mm 2 ) h Bec Q (kg), cAeAyiomHM oó- 
pa30M: 

C = c-G = c2g. (XII, 10) 


BbiAeAHeMaa b oóMOTKe b BHAe Tenjia moiu,- 

jr 

HOCTb Q npH HOMHHaAbHOň nflOTHOCTH TOKa 5 = -^' 

(A/mm 2 ), yAe/ibHOM conpofHBAeHHH p(Qmm 2 /m) h 
K oaéHnHeHTe OHAbAa k f , yqHTUBaiomeM yBe^H- 
qeHHe noTepb b npoBOAHHKe ÓAaroAapn noBepx- 
HocTHOMy 3(J)4)eKTy, BupancaeTCH b Wsec ypaš- 
HeHHeM 

Q=ŮomR*= — 5 —= S 2 -p/^ ; ., (XII, 11 ) 


a nocTOHHHan BpeMeHH corAacHO (XII, 8), (XII, 10) 
h (XII, 11) ypaBHeHHeM 


T 


c ‘Y r max hom 
kffim* 


(XII, 12) 


ZIah MeAHOft oómotkh r=390 Wsec/kg°C, 
Y==8,9g/cm 3 , p = 0,023 fimm 2 /m (npn 100° C), no- 
9TOMy aah Hee 

150x max H0M 

/cu 5 * 1 ký-l 2 (-XO> 1^) 

JXn h a,iioMHHHeBofl oómotkh (b Tex Hce eAH- 
HHuax) c = 890, Y“2,6, p=0,038 (npn 100° C); 
nosTOMy 

7. _ ^^inaxwox /vtt i 

7 Ai kfZ 2 ' (■'*■“, 14) 

TennoBbie xapaKTepnCTHKH ABHraTeAeft. Ten- 
AOBoft mm neperpy3oqHOň xapaKTepncTHKoň abh- 
raTeAH Ha3bIBaeTCH 33BHCHMOCTb AOnyCTHMOrO 
BpeMeHH ero neperpy3KH ot BeAHHHHbí TOKa. 

Tok neperpy3KH BU3HBaeT noBbímeHHe TeM- 
nepaTypu ABnraTeAH CBepx MaKCHMaAbHoň aah- 



TejibHO-AonycTHMoft. Ilpa 9 tom ycaopaeTca H3HOC 
H30JIHUHH OĎMOTOK. 

IleperpeB ABaraTejia HMeeT mccto He TojibKO 
npa Hajiaaaa CBepxTOKa, ho h nocro ero acae3- 
HOBeHna, noxa ABaraTejib ocTbiBaeT ((par. XII, 2). 
riOSTOMy H H3HOC H30JIHU.HH CJieAyeT yaHTMBaTb 
3a BpeMH HarpeBaHna h ocTbiBaHaa. 


B CTaaH h Ha BeHTHJiaiiHio, nponopaHOHaab 
KBa,apaTaM COOTBCTCTByiOmHX TOKOB, T. e. 


■=( 7 —)=^ 

V m hom / 

- (-r L -Y=*S- 


(XII, 16) 



XII,2. SaBHCHMOCTb npeBUUieHHH TeMnepaTypw % ot 
speMCHH npn najm l iHH CBepxTOKa h riocjie ero nc>ie3HOBeHHB. 

PÍ3HOC H 30 J 1 HU.HH OnpeAeJiaeTCH He TOJIbKO 
TeMnepaTypoá neperpeBa, ho Taxace h BpeMeHeM, 
b TeaeHHe xoToporo OHa AeňCTByeT. IloaTOMy 
KpaTKOBpeMeHHbie, OTHOCHTeJIbHO peAKHe HOBM- 
uieBna Toxa CBepx AJiaTejibHO aonycTHMoro, He 
MoryT npHBecTH k 33MeTHOMy coKpameHaio cpoxa 
cjiyacdw hsojihuhh. OTCioAa BWTeKaeT AonycTa- 
MocTb ajih aBHraTejieft xpaTKOBpeMeHHbix nepe- 
rpy30K, Aaxce ecjia ohh nepeji; sthm padoTajia 

C H0MHH3JIbH0ň MOIHHOCTbK).. 

Onpe^eaeHHe neperpy3oaHoň xapaKTepacTHKa 
HBjíaeTca BonpocoM npaHHanaajibHO AOCTaTorao 
cjiojKHbíM, h ajih Hero npeAJioaceHO HecKOJibKO 
cnocodoB pemeHHH. Oahh H3 hhx ochob 3H "na 
AonymeHaa OAHHaKOBoro H3H0ca h3ojihhhh npa 
pasjíHHHbix BeJiHHHHax neperpy30K [JI. 1]; b oc- 
HOBy jxpyroro noaoaceHO ycjiOBae, aTodw xpaTKO- 
BpeMeHHufl neperpeB oómotkh t CBepx Manca- 
MajibHoft A^aTejibHO-AonycTHMoft TeMnepaTypw 
T ma xhom He npeBbiiuaji onpejtejieHHoň BeJiaaaHbí, 

H3MepaeMoň xoaipHUHeHTOM a =— -]> 1 um 

T max hom 

hhcjiom rpa^ycos At. 

B HacToamee BpeMa Henoab3yeTca oówhho 
BTopofi cnocod. 

Jíro onpeAejieHaa TenaoBoň xapaKTepaCTHKH 
no BTopoMy cnocody MoaceT dbiTb Hcnojib30BaHo 
BupaMceHae (XII, 4), npeACTaBJíaiomee 3aBHCHM0CTb 
BpeMeHa neperpy3Ka ot nojiyaaioinerocH npa stom 
npeBbímeHHH TeMnepaTypw t. 

Jlejia aacjiHTejib h 3HaMeHaTe;ib npaBofl aacTa 
cooTHonieHHa (XII, 4) Ha A a yaHTbiBaa (XII, 6), 
nojiyaaeM - 

t—T In -- ax - _ . (XII, 15) 

T max T 

OTHomeHae npeBwmeHaa TeMnepaTypw npa 
ycTaHOBHBuieMca peacHMe, npeHedperaa noTepaMa 


rioaTOMy BwpaaceHae (XII, 15) MOxceT dHTb 
npeflCTaBJíeHO b Baa,e 

t=T\n-^£-. (XII, 17) 

Ecjih nepea B03HHKH0BeHaeM neperpy3Ka abh- 
raTejib dwji HarpyxceH HOMHHajibHHM tokom, to 
k 0 —lYL 

t=Tl (XII, 18) 


KosipauneHT a b BwpaaceHHax (XII, 17) a (XII, 18) 
npaHHMaeTCa nocTOaHHWM hjih 3aBacaMWM ot 
KpaTHocTa Toxa k, ecjia cHHTaioT Hedojibuiae 
neperpy3KH dojiee aacTbiMH b ycjiOBaax 9Kcn.ro- 
aTanaa a xotht no9TOMy AonycTHTb ajih hhx 
MeHbmyio BejiHHHHy n3HOca [JI. 2]. 

IlojiyaeHHwe cooTHomeHaa ajih TenjiOBoň xa- 
paKTepacTHKa cooTBeTCTByioT sKcnoHeHitaajib- 
HOMy 3axoHy HarpeBa ABaraTejia, BwpaacaeMOMy 
ypaBHeHaeM (XII, 9). 

Ilpa a^aadaTHaecKOM npouecce HarpeBa ypaB- 
HeHae TenjiOBoro daroaca, cnaTaa yaejibHOe co- 
npoTHBJíeHae npoBOAHHKa p He3aBacaxiíHM ot TeM¬ 
nepaTypw, HMeeT bha 

(/ 2 -7o)p k f t = c-ílSÍ? - x 0 ) 10- 3 , (XII, 19) 
0TKyAa f (t-T 0 ) CS2 

(/^-/^pVio 3 



_ T max hom c Y ^ 0 ) 

fyp-10362 (#>-**) 

(XII, 20) 

hjih c yqeTOM.(XII, 12) 

k^-k^ ’ 

(XII, 21) 

a npa k Q = 

1 

^ rj * Ct 1 

l ~~ l k*-l • 

(XII, 22) 

PacaeTW ynponxaioTca, a pe3yjibTaTbi MoryT 
dwTb AOCTaTOHHO npaeMjieMWMH, ecjia npaHHTb, 
hto npouecc HarpeBa npoacxoaaT aflaadaTHaecKH. 


rioaTOMy b HacToamee BpeMa TenjiOBwe xapaK- 
TepacTHKa npeaMymecTBeHHo onpeAeJiaioTCH no 
BwpaMceHHHM (XII, 21) a (XII, 22). 

BxoAamae b hhx KOsipHUHeHTW a BbidapaioT 
B 3aBHCHMOCTH OT THna H30JIHUHH ABHraTCJIH, 

aacTOTbi a xapaKTepa ero bo3mojkhwx neperpy- 
30 K a HeKOTOpwx APyrax abhhwx. IIoaTOMy ohh 
KOJ iedjnoTca b AOBoJibHO mapoKHX npeaejiax, co- 
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CTaBJíflH b cpe^HeM nna acHHxpoHHbix flBHraTe- 
jjeft npHMepHo 1,3. 

3amHTa ot neperpy30K CHHTaeTca o6H3aTenb- 
HOň /bflfl ABHraTeneň, KOTOpue MoryT neperpy- 
xcaTbCH no ycaoBHHM TexHOflornnecKoro npouecca 
npHBOnHMUX HMH B ABHXC6HH6 M6xaHH3M0B. C>Ha 
Hanina nnn ABHraTeneň 3HaqnTenbHO donee uih- 
poKoe npHM6H6HH6, qeM naa renepaTopoB, XOTH 
nocnenHne h aBnaioTca b pane cnyqaeB donee 
nOpOrHMH H OTBeTCTBeHHHMH 3n6M6HT3MH SJíeKT- 
pHHecKoft CHCTeMbi. OdtacHaeTca sto tcm, hto 
reHepaTopw b nponecce sKcnnoaranHH HaxonaTca 


In 



3aBHCHMOCTb Tona nBHrarena ot CKonbacenna, 
HanpaMep, nn a cnyqaa CHMMeTpnqHoro nOHHHce- 
Hna HanpaHceHHa MoaceT dbiTb BbiBeneHa Ha ocho- 
b3hhh cxeMbi 3aMea*eHHa flBnraTena b nonoacH- 
TenbHOft nocnenoBaTenbHOCTH (<Jmr. XII, 3). 

Tok b poTope l\ p , npuBeneHHHň k odMOTKe 
CTaTopa, onpenenaeTca qepe3 s. n. c. E h non- 
Hoe conpoTHBneHne poTopHofi oómotkh Zi ps — 

= Zi p + R\d, TaKHce npHBeneHHoe k nenn CTa- 
TOpa: 

I íp =~~, (XII, 23) 

es 


$m\ XII, 3. Cxeiua 3 aMemeHHH acHHxpoHHoro 
ABHraTeaa b no.io>KHTe.ibiiOH noc.ienoBaTe.ib- 
HOCTH. 



m 

■ 
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0,75 


OjSO 


1 

Z 


0,25 


noa 6onee TmaTenbHUM h nocToaH- 
HbiM HaónioaeHHeM odcayacHBaio- 
mero nepcoHana, qeM ABiiraTenH. 

3amHTa ot neperpy30K nefi- 
CTByeT na OTKnioqeHHe hjih nna - 

ocodo oTBGTCTBeHHbix ABHraTenefi, HMeiomHX. a. a. c. BbipaacaeTca qepe3 HanpajKeHne U 1 Ha 


4>ar. XII.4.’ 3aBHCHM0CTb tokob CTaTopa h poTopa ot cKo-ibíKennn 

(/ — tok CTaTopa; 2 — tok poiopa). 


nocToaHHbiň aeacypHbiň nepcoHaa, Ha CHrHan. 

Jim 3aniHT, aeňcTByiomHx Ha oTKrnoneHne, 
naeanbHoft xapaKTepHCTHKOfi pene HBnanacb 6bi 
' r aKaT KpHBaa í=/(/), opanHaTbi KOTOpofl npa 
niodbix 3HaaeHHax tokob / dbinn 6bi Ha onpeae- 
neHHbifl nponeHT MeHbrne cooTBeTCTByioniHx op- 
aHHaT TennoBoň xapaKTepHCTHKH jBHraTena. 

BpeMeHa cpadaTbiBaHHH stoA 3amHTbi, ecnn 
OHa ycTaHaBJíHBaeTca B6nH3H aBHraTena, aojdkhh, 
KaK h aonycTHMbie BpeMeHa neperpy3KH nocnea- 
Hero, 3aBHceTb ot peacHMa, npeauiecTBOBaBniero 
MOMeHTy B03HHKH0BeHHH neperpy3KH h TeMnepa- 
Typu oxnaKaaiomeró B03ayxa. ňocneaHHe noao- 
»eHHa BaacHbí rnaBHbíM odpa30M aah 3auiHT abh- 
raTeneň, KOTopbie b npouecce aKcnnoaTanHH mo- 
ryT noaBepraTbca oTHoarrenbHO qacirbíM KpaTKo- 
BpeMeHHbíM neperpy3KaM. 

3. CBEPXTOKH B ACHHXPOHHbIX HBHrATEJIHX, 

OBYCJIOBJIEHHblE I10HH>KEHHEM HAÍ1P5DKEHH8 

řípa noHHHceHHH HanpajKeHHa b nHTaiomeii 
aBHraTenb cncTeMe, HanpHMep, BcneacTBHe B03- 
HHKH0B6HHH B Heft KOpOTKOrO 3aMbIKaHHH, H3HH* 
HaeT noHHJKaTbca qHcno odopoTOB afinraTena, 
t. e. yBenHHHBaeTca ero CKonbaceHne s. 
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3 aacHMax CTaTopa, HMneaaHC Z\ H rnyHTa HaMarHH- 


MHBaHHH H Z] ps : 


'1 C* 


flpHHHMaH 1 -\—~ = C, noJiy^ae.M 

H 


E — U, 


'1 ps 


cz , 


(XII, 24) 


(XII, 25) 


'i P s "4* 

Ha OCHOB3HHH (XII, 23) H (XII, 25) TOK poiopa 


Yip = 


i/l 


l/( Ric+C^-J+(x ie +cx; p y 


.(XII, 26) 


Tok Iú CTaTopa aBHraTena CKnaabiBaeTca H3 
TOKa poTopa l\ p h TOKa HaMarBHHHBaHHH /«: 

J\ e ss Jip~\~ 1 «• 

Ha (Jjht. XII, 4 aaHM nonynaioinHecn npHMepHbie 

33BHCHMOCTH TOKOB B pOTOpe H CTSTOpe OT 
CKOAbHCeHHH S. 


Tok HaMarHHWHBaHHs, onpeaejifliomHň ' pa3HHuy 
b Be^nqHHax I u h I\ p , HMeeT OTHOCHTe^bHo 6o^b- 
niyio Be^HHHHy TO^bKo npn cKo^baceHHax, 3 H3 mh- 
Te^ibHO He npeBbiuiaiomHx HopMa^bHoro. ripn 

ĎOJIbHIHX CKOJIbHCeHHHX MOHCHO CHHTaTb TOKH CTa- 
TOpa H pOTOpa npaKTHHeCKH OAHHaKOBblMH. 

Tok ABHraTe.flH pe3KO H3MeHaeTca npn He- 
6 ÓJlbrnHX CKO^IbMteHHHX. řípa ĎO^bmax CKO^bHCe- 
HHHX Be^IHHHHa TOKa H3MeH»eTCH He3HaqHTe.flbHO 
H OH CT3HOBHTCH B OCHOBHOM peaKTHBHHM. 

HanĎo^ibuiero 3HaqeHHH tok ABHraTe;iH aocth- 
raeT npH CKO^ibxceHHH s=l, HanpHMep, npn HOp- 
Ma.TbHOM nycKe KopoTK033MKHyToro ABaraTe^H 
noj, no^HbíM HanpaaceHHeM hjih npn nycKe abh- 
raTejia c (J>a3HHM poTopoM no HeHopMajibHoň 
cxeMe, 6e3 nycKopery;mpyiomero yerpoňCTBa, 
Kor^a 9 tot tok cocTaB^aeT BHJiHqHHy 

In == (4 8) / hom‘ 

Oah8ko yme npn CKOJibaceHHH s, paBHOM Kpa- 
THqecKOMy s K , cooTBeTCTByiomeMy MaKCHMajibHOMy 
pa3BHBaeMOMy ABaraTe^eM MOMeHTy, tok aocth- 
raeT BejmqHHbí, paBHoň npHMepHO (0,6—0,7)/„. 

B očmeM cjiyqae c^e^yeT pa3^nqaTb yc^OBHH 
paĎoTH ABHraTejiH, nojiyqaieinHecs b pe3yjibTaTe 
CHMMeTpHqHoro h HecHMMeTpnqHoro noHHXceHHs? 
HanpaxceHHH Ha ero 3 a%HMax. 

CHMMeTpHqHoe noHHweHHe HanpmKeHHsi Ha 
3a>KHMax ABuraTejia. noBeaeHHe ABHraTejia 3 a- 
bhcht ot nojiyqaioniHXcS cooTHomeHHň Mexc^y 
ero BpamaiomHM momchtom M h CTaTHqecKHM 
MOMeHTOM conpoTHB^eHHa M c , onpeAe./iHeMbiM 

npHBOAHMblM HM B ABHXCCHHe M6XaHH3MOM. 

BpamaiomHřt momcht flBHraTejia paBeH moiuhocth Mař- 
HHTHOrO nO/IH HJIH 3KTHBHOH MOIH.HOCTH, OTAaBaeMOH CT3TO- 
poM poTOpy Pf Ae^eHHoň Ha yrjioByío CKOpocTb to = 
_ 2*fc 

P 

P* 

M = (XII, 27) 

MomHOdb P$ CKJia^biBaeTCH H3 MexaHHqecKoíl moiuho- 
CTH PM6x* paBHoft nojie3Hoií mcmuhocth Ha Bajiy njiioc Mexa- 
HHqecKHe noiepH, h noiepb b mcah poTopa P M : 

p 0 = P*ex + Pm = 3 l\ p R\ p {——) + 3 ť*R \ p . (XII, 28) 


ecjin npHpaBHBTb HyjiiO' npOH3BOAHyio BbipaaceHHyi (XII, 29 / 

H CUHTaTb yC^OBHO Be/IH^HHb! R lp H X ]p HC3aBHCHlUHMH Oř 
CKOJIbHteBHHI 


CR 


s — S K — 


1/> 


V R{ c + (X, c + CX\ p y 


R 


ip 


x lc + x lp 


XII, 30" 


(nocjieAHee npH C = 1 h Ric <d X lc ). 
Ha ocHOBaHHH (XII, 29) h (XII, 30) 


Mmax - 


3 Uf 




[/?]<?+ K /?*+(*u*-j-CA Ip ) 2 J 

3 Ú\ 


^{Ru+Xu+X^ ’ 


(XII, 31 > 


Rjih ABHraTe^a očbiqHO čbiBaeT H3BeCTHO ot- 
m 

HoineHHe b — = 1,8- 5 -2. OTHomeHHe Bpa- 

maiomero MOMeHTa npn abhhom HanpajKeHHH U t 
k MOMeHTy npn ř/ x = U H om cor^acHO (XII, 29) paBHo 

yqHTHBaa STH COOTHOUieHHfl, Bbl- 

\ Uhom / . 

paxceHHa (XII, 29) h (XII, 31), a Tanace cqHTajj 
C=* 1, a pHA Apyrnx MaJiHX q^eHOB paBHHMH Hy.mo*. 
mo5kho no^yqHTb c^eayioiuee npHó^HaceHHoe bu- 
paxceHHe a^ih OTHOCHTe^bHoft Be^nqHHbí Bpaiiíaio- 
mero MOMeHTa [JI. 3]: 

M 2k 2 yb 

m i —m 58 « • (XII, 32) 


s 

"šT 


1 5 


B AeHCTBHTeJIbHOCTH BCJIH^HHbl COnpOTHBJíeHHH R lp K 
X\ p M6HHI0TCB B 33BHCHMOCTH OT CKO/IbHCeHHfl BCJieACTBHe 
HaJIHMHB nOBepXHOCTHOrO 9$4)eKTa. íloSTOMy KpHTHMeCKOe 

CKOJibiKeHHe s K9 onpeAejiíieMoe h bxoah mee b npHBeAeHHbic 

BblIIie (j)OpMyJIbI, BBJIÍieTCJI (jíHKTHBHblM, 3aBHCBIHHM OT Btí- 
JIHqHHbl CKOJIbiKeHHH 5 H H3CTO B OTJIHqHe OT AeHCTBHTe.lb- 
Horo s K o6o3HaqaeTCH qepe3 s K *. TaKHM oópa30M b npKBo- 
AHMMX COOTHOUieHHHX KaiK^OMy 3HaqeHHK) S COOTBeTCTUyer 

CBoe s K , onpeAejineMoe * no (XII, 30). Oho BBeAeHO AJia ó> 
jiee yAOÓHoro Bbipa^ceHHn HeKOTOpbix 3aBHCHM0CTeH y acř:n- 
xpoHHbix ABHraiejieii. fleftcTBHTejibHoe KpHTHqecKoe CKoab- 
HceHHe s K motjio 6biTb npHMepHO onpeAejieHO no (XII, 30), 
ecjin b Hero noACTaBHTb 3HaqeHH5i R lp h X ]p9 cooTBeici- 
Byiomne BMqHCJnieMOMy Sk. 


IloACTaBJíBJi 9 to BHpa^eHHe b (XII, 27) h yqHTbiBaa 
BejiHHHHy TOKa poTopa no (XII, 26 ), noJiyqaeM (b A^coyjiBx) 



MaKCHMajibHoe 3HaqeHne M maz BpamaiomHH momcht 
HMeeT npH KpHTHqecKOM CKOJibxceHHH, KOTopoe onpeAeaaeTCH, 


ripHBOAHMHe JABHraTeJIHMH B ^BHHCeHHe Mexa* 
HH3Mbi MoryT 6biTb pa 3 #e 7 ieHbi na ^Be ocHOBHbie 
rpynnbi: 

1) ABHraTejiH c nocTonHHbíM CTaTHqecKHM npo- 
THBOAGňCTByKDmHM MOMeHTOM M c \ 

2) ABHraTejiH c TaK Ha3biBaeMoň BeHTHJiaTOp- 
Hoň xapaKTepHCTHKOň CTaTHnecKoro npoTHBOAeň- 
CTByiomero MOMeHTa M c , BbipaxcaeMoro nepes 
HOMHHa^IbHblň MOMeHT M CH om, nyCKOBOŘ MOMeHT 
M cn H HHCJIO OĎOpOTOB ti C^e^yiOIUMM OĎpa30M: 

M c =M ín +(M CH0JII -M c „)(-!L-)\ (XII,33> 
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M 


¥. 


B cočCTBeHHHX Hy)XAax 9Aex- 

TpnqecKHx CTaHUHň k neDBOň 
rpynne othochtch, HanpHMep, 
jMe^ibHHUbi h TpaHcnopTepu, a ko 
BTO pOň — BeHTHJIHTOpbl, AblMOCO- 

cbi, aKcraycTepM, AHpxyAHiuioHHbie 
HaCOCbl. 

Ha XII, 5 npHBeAeHbí 3a- 

BHCHMOCTH BpaiUaK>IIIHX MOM6HTOB 

{KpHBbie 1, 2, 3 h 4) npa pa3- 
jihhhhx HanpaxceHHHX U 1 h no- 
CTOHHHoro npoTHBoaeňcTByiomero 
MOMeHTa (npaMaa 5) b (JiyHxuHH 

OT CKO^IbHteHHH S. 

HopMajIbHO (xpHB3H 1) ABHra- 
Te^b paĎOTaeT co cxojibixeHHeM 
s H om • řípu HeÓo^bmoM noHHixeHHH 
HanpaxceHHfl BpamaiomHň momcht 
(K pHBaa 2) CT3HOBHTCH HeCXOJIbXO 
MeHbiue npoTHBOAeHCTByiomero. 
€KOJib)KeHHe npu stom B03pa-. M % 
CTaeT AO Be^HHHHH s', npn KOTO- M rnax j 
pOM M 1 H M c BHOBbj CTaHOBHTCH 
oaHHaKOBbíMH, h ABnraTejib npo- 
flO^ixcaeT ycTOftaHBO padoTaTb. 
npa óoJibiuoM noHH5KeHHH Hanpa- 
ď.eHHa (xpHBaa 3) M x oxa3UBaeTCH 
MeHbiue M c npu ./iiodbix 3Hane- 
HHHX CXOJIbHCeHHH. nOSTOMy npu 
AOCTaTOHHOň A-flHTejIbHOCTH nOHH- 

jxeHHH HanpaHceHHH hhcao odopo- 
tob ABuraTejia mohcct b stom 
c.iyuae yMeHbiuaTbca BibioTb ao 
ero no^Hoft ocTaHOBKH. 

npeae^bHoe MHHHMa^bHoe Ha- 
npaiKeHHe U x min , npu kotopom 
AB uraie^b ociaeTca eme b padoTe 
(upuBaa 4) co cxoAbixeHHeM s = s' K 
cooTBeTCTByeT mimax=w c ==l. Ero 
Be^uquHa Ha ochob3hhh (XII, 32) 
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4>Hr. XII,5. 3aBHCHM0CTb BpamaiomHx momchtob npn pa3JiHMHbix 3HaqeHHax 
HanpjiiKeHHfl h nocTOHHHoro npoTHBO^eHCTByiomero MOMenia ot CKOJibHceHHH. 
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<í>Hr. XII,6. 3aBKCHMOCTb BpamaiomHx momchtob npn pa3JiHqHhix 3 HaqeHHax 
HanpjjxceHHH h npoTHBoaeHCTByiomero MOMeHTa BeHTHJiaTopHoro THna ot 

CKOJIbXCeHHH. 




U_H 

YT 


(XII, 34) 


Tax, HanpHMep, npH 
^ 0,7 Uhom • 


6=^5^= 2, 


Ui 


min ^ 


Touxa HeycTofiqHBoft padOTH ABHraTeAH xa- 
paKTepH3yeTca Tax Ha3UBaéMHM npeAeAbHbíM 
CKOJIbXieHHeM Snp (<t>Hr. XII, 5). npH CKO^bHCeHHaX, 
doAbniHx s„ p , oh padoTaTb He mohcct, Tax xax m í 
CTaHOBHTCH MeHbiue m c . C yMeHbiueHaeM Hanpa- 
xteHHH U x BeAHHHHa npeAe.flbHoro cxojibaceHHa 
yueHbmaeTca. 

Ecjih HanpaHieHHe MeHbme U\ m i n npoAepacHTCa 
b TeueHHe BpeMeHH, AOCTaTOHHoro jma AOCTHjxe- 
Hiia ABHraTejieM npeAe^bHoro cxo^bxceHHa s„ p , 
cooTBeTCTByroiuero TOMy HanpajxeHHio, xoTopoe 
dyAeT cyiuecTBOBaTb npn BOCCTaHOBAeHHH Hanpa- 
aceHHa (Ha <jmr. XII, 5 BoccTaHaBAHBatoiueeca Ha- 
npaaceHHe paBHO HOMHHaAbHOMy), to ABHraTe^tb 


He CMOMceT paŠBepHyTbca h ocTaHOBHTbca. 

Hecxo^bxo oTAHHHbie cooTHonxeHiía no^yua- 
iotch npn MexaHH3Max c BeHTHAHTopHoň xapax- 
TepncTHXoň npoTHBOAeňCTByiomero MOMeHTa. 

Ha (j)Hfc XII, 6 npHBeAeHbí noAodHwe abhhhm 

<|iHr. XII, O 33BHCHMOCTH BpaiU,aiomHX MOMeHTOB 
npn pa3AHHHbix HanpaHceHHax U x h npoTHBOAeň- 
CTByiomero MOMeHTa BeHTH^aTopHoro THna (xpa- 
Baa 5) b 4>yHXUHH ot cxoAbjxeHHa. B c^yaae 
CHAbHoro noHHHceHHa HanpaxceHHH BpamaiomHň 
MOMeHT MO>xeT Taxxce oxa3a,Tbca MeHbiue MO¬ 
MeHTa COnpOTHB^eHHH npH Bcex CXO^bMCeHHHX. 
npH COOTBeTCTByiOIUeň AAHTeAbHOCTH nOHHHíeHHH 
HanpaxieHHa ABaraTe^ib b stom cnynae 3aTopMO- 
'3 htch. OAHaxo npn BoccTaHOB^eHHH HanpaixeHHH 
AO AOCTaTOHHOň Be^HHHHbl (C00TBeTCTByi0IUeH, 
HanpHMep, xpaBoň 2, Aaromeň npeAe^bHoe cxo^b- 
xceHHe s„ p ) BpamaiomHfi momcht Aaace a^h Abh- 
raTejiefl c 4>a3HbiM pOTopoM h BUBeAeHHbíM nyc- 
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KOBbíM conpOTHB^eHHeM 0Ka3HBaeTca dojibrae 
MOMCHTa COnpOTHB^eHHH. IlOBTOMy ABHraTeAH 
pa3BOpaMHBaiOTCH OČHHHO AO HOpMaAbHOrO CKOAb- 
HíeHHH. 

HecMMMeTpHqHoe noHHweHHe HanpaiKeHHsi 
Ha 3aiKHMax ABuraTejia. B paccMaTpHBaeMOM 
CAynae CTaTopHaa o6motk 3 ABHraTeAa nHTaeTca 
HecHMMeTpHqHHMH TOK3MH, HMeromHMH CAaraiomne 
no.io®HTe^bHoa h OTpHuaTejibHOft noc/ieAOBa- 
TeJlbHOCTH. 

noBe^eHKe ABHraTeAa MoaceT čbiTb onpeae- 

JieHo, paccMaTpHBaa AeftcTBHe KaacAOň H3 chm- 


ZfC Í-2P 



<3>nr. XII,7. CxeMa 3aMemeHHa ABHraTejia b OTpHuaTejibHoň 
nocjieAOBaiejibHocTH. 


MeTpHHHblX CHCTeM B OTAeJIbHOCTH H 38TeM CKJia- 
^bmaB hx b omo pe3y^bTHpyiomee. 

B BOS^yniHOM 3a3ope dy&yT cymecTBOBaTb 
JXBZ MarHHTHHX nOJIH nO^OXCHTeJIbHOfi H OTpHUa- 
TeJibHoft nocJiejxOBaTeJibHOCTH, BpamaiomHecH b 

npOTHBOnOJIOKHbie CTOpOHH. B3aHMOAeňCTByH c 
HaBe^eHHblMH HMH B pOTOpHOň OÓMOTKe TOK3MH, 
OHH C 03 .MI 0 T npOTHBOnOJIOHCHO aeňCTByioinHe MO- 

MeHTbi nojioacHTejibHOň nocjieiioBaTejibHOCTH M t 

h 0TpHu,aTe^bH0ň M 2 . 

MoMeHT M t ^eňcTByeT b HanpaBjíCHHH Bpa- 
iueHna poTopa h HBJíneTCH paóoHHM, BpamaiomHM. 
MoMeHT M 2 HanpaB^eH b CTOpoHy, npoTHBono- 
jioHCHyio BpaiueHHio poTopa, h HB^neTCH nosTOMy 

T0pM03HbIM. 

CooTHoiueHHH, xapaKTepM3yiomHe AenCTBne CHCTeMbi ot- 
pHuaTejibHoň nocjieAOBaiejibHOCTH, nojiyaaiOTca H3 paccMOT- 
peHHa cxeMbi 3aMemeHHa ABHraTejia ajih stoh nocjieAOBa- 
TeJIbKOCTH XII, 7). 

npH BpameHHH pOTOpa C CHHXpOHHOíi CKOpOCTbK) CKOJIb- 

weHHe nojioiKHTeJibHOH nocjieAOBaieJibHocTH s x = 0, a ot- 
pHUaTeJIbHOH 52 = 2. npH Si^rO CKOAbHCeHHe S 2 = 2 — 5j. 
MHHHMaJibHaa Be.iHHHHa 5 ? = 1 cooTBeTCTByeT noji«ocTbio 
3 aTopMOiKeHHOMy ABHraieJiio. TaKHM o6pa30M cicojibHceHHe 
oTpHuaTejibHOH nocjieAOBaiejibHOCTH b AewcTBHTejibHbix yc- 
jioBHflx MOigeT H3MeHaTbca b npeAejiax ot 1 ao 2 . Bcjicact- 
BHe He3HaaHTejibHoro npH stom conpOTHBJíeHHa potophoh 
ueriK no cpaBHeHHio c conpoTHBJíeHHeM mýma HaMarHHqn- 
Bamia nocjieAHHH oóbmHo He noHHHMaeica bo BHHMaHne h 
na cxewe 3 aMemeHna He noxasaH. 

OcHOBHbie cooTHomeHHa b CHdeMe OTpHuaieJibHOH nO- 
CJle AOBaTeJIbHOCTH BhlBO^ÍJTCH, KaK H a JIH nOJlOHCHTeJIbHOH 
IIOCJieAOBaTeJIbHOCTH, HMeiOT OAHHaKOByiO C nOCJieAHHMH 
CTpyKTypy. 


Tax, HanpHMep, <}>HKTHBHoe KpHTHqecxoe cKOJibaceHHe s 2íC 
OTpHuaTejibHoíí nocjieAOBaiejibHOCTH no aHajiornn c (XII, 30) 






*2k ‘ 


Xic + X 2l) 


(XII, 35) 


BpamaiomHH momcht oTpnnaTeJibHOH nocjieAOBaieJibHo- 
cth no aHajiorHH c (XII, 32) 


M 2 


^^2max 
2 — 5j s 2k 

4 +2 ~ 5 * 


(XII, 36) 


Pe3y^bTHpyioiuHň BpamaiomHň momcht ABHra¬ 
TeAa npn HccHMMSTpHHHOM HanpaaceHHH Ha ero 
3a%HMax 


M=M 1 — M._. (XII, 37) 


npaKTHHe ckh HaHÓojiee THHce^bíM c.iyqaeM He- 
CHMMeTpHHHOrO nOHHHCCHHH HanpHHCeHHH C TOHKH 
3p6HHH padoTH ABHraTejiH HB^aeTca MeTa^JiHae- 
CKoe 3 aMbiKaHHe Meacay ^ByMH 4>a3aMH y ero 
3aacHMOB. B stom cayaae HanpaaceHHH noaoacH- 
Te^bHoň h oTpnuaTeJibHoň noc^e^OBaTe^bHOCTeň 
paBHbí Apyr Apyry: 6 , 1 = Í7 2 == 0,5(7^. BpamaiomHň 

MOMeHT npn OCT3TOMHOM HanpHHceHHH Ha Heno- 
BpeacaeHHOž <J)a3e U$*sa U 0 HOM (íi^ih Hana^bHoro 
MOMeHTa KOpOTKOrO 33MbIK3HHH UJIH npH OTCyT- 

CTBHH 33TyxaHHH) M 1 *= U\j-M hom = 0,25M hom . npH 

H3JIHHHH 33TyxaHHH OH Ďy^ĚT eme MeHbUie. 

riycKOBoň MOMeHT, t. e. MOMeHT npH s t =l, paBeH 
b 9tom c^ynae 0. Ilpn pesyjibTHpyrourHft 

BpamaiouíHfl momcht 6yAeT TaKwe Maji. iloaTOMy 
ABHraTeAb npa MeTajiJinqecKOM 3 aMbiKaHHH MeacAV 
AByMH <j>a3aMH bcagt ceĎH npHMepHO tsk ace, 
KaK H npH MeTa^HHeCKOM Tpex4>a3HOM KOpOTKOM 
33MbIKaHHH. 

3aBHCHMOCTb MOMeHTOB M ,, M 2 H M OT CKOAb- 
aceHHH A-ífl paccMOTpeHHoro aacTHoro c^yaaa npeA- 
CTaB^eHa Ha 4> Hr - XII, 8. 

BeAHHHHbí CBepxTOKOB. He6oAbuiHe noHHa<e- 
hhh HanpaaceHHH Ha 3aacnMax ABHraTeAeň oSycaoB- 
AHBaioT noHBAeHHe b hhx CBepxTOKOB TaKace 
OTHOCHTeAbHO HeČOAbmOŽ BeAHHHHH (4)Hr. XII, 9), 
onacHbix, KaK h paccMOTpeHHMe Bbirne neperpy3- 
KH, TOAbKO no CBOeMy TepMHaeCKOMy B03AefiCT- 
BHKD Ha H30AHUHK) OĎMOTOK. 

Pe3yAbTaTOM CHAbHoro nOHHaceHHH Hanpaace- 
hhh, B03HHKaiomero, HanpHMep, npn kopotkom 3a- 
MbmaHHH b nHTaiomeň ABHraTeAb CHCTeMe, MoaceT 
ÓHTb noHBAeHHe: 

1) ĎbiCTpo 3aTyxaiomHx tokob, nocbiaaeMbix 
ABHraTeAeM k MecTy noBpeatAeHHa h HMeromHx 
MaKCHMaAbHyio BeAHHHHy nopaAKa nycKOBHx to¬ 
kob; 

2) nycKOBbix tokob, b ABHraTeae npH BOCCTa- 
HOBaeHHH HanpaaceHHa b chctcmc nocAe otkaio- 
neHHa KopoTKoro 3aMbiKaHHa; MaKCHMaAbHoe 3Ha- 
qeHHe sthx tokob, paBHoe HopMaAbHOMy nycKO- 
BOMy, MoaceT HMeTb MecTO, KorAa BoccTaHaBAH- 
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BaiomeecaHanpaHceHHe paBHO HOMHHa^bHOMy U H0M ■ ripn BOCCTaHOBJíeHHH HanpaxceHHH tok b0,7 I r 
B 9tom cjiynae nycKOBofi tok 6 e3 yqeTa dHCTpo MOHceT noaBHTbca TOAbKO npn U x = 0,7 U H0 .« 
3aTyxaiomeň cboďoahoíí caaraionieň cocTaBAaeT, b noAHOCTbio 3aTopMoaceHHbix ABHraTejiax (s = 1). 
Kax yKa3HBa^ocb paHee, 4-f-8 /«<>*. ripHHHMaa bo BHHMaHHe Manýro BepoaTHOCTb iioa- 

JlBHraTejiH paccaHTHBaioTca t3khm oópa30M, hoř oct3hobkh ABHraTejieft k MOMeHTy BoccTa- 
qTO HaaeacHO BbuepjKHBaioT AHHaMHqecKoe Aeft- HOBJíeHna HanpaaceHHa, CAe,syeT npaKTHqecKH 
CTBHe ÓbICTpO 3aTyxaromHX TOKOB, B03HHKaK>IUHX CHHTaTb Be^HHHHy 9T0T0 HanpajKeHHa HeCKOAbKG 
npn BH6HIHHX KOpOTKHX 3 aMbIK 3 HHHX. OoAbUieň. MaCTO [JI.4] ee lipHHHMaiOT paBHOň 

CBepxTOKH, noaB^aiomHeca npn BOccTaHOBJíe- 0,75 Uhom- 
hhh HanpaxceHHa, MoryT npeACTaBAHTb Avia ajbh- TaKHM očpa30M ABHraTeAb AOAaceH h3ag>xko 
raTe^eň onacnocTb b uByx oTHomeHaax: TepMH- bhaspechb aTb AHHaMHqecKoe B03AefiCTBHe tokob.. 



hoh nocjieaoBaTejibHOCTH h pe3yjibTHpy iomero ot CKOJibxceHtm jijih <f>nr. XII, 9. 3aBHCHM0CTb TOKa CTaTopa ot Hanpí>- 
cayqaa MeiajiJiHiecKoro aaMHKaHHH weiKxy abvmh cj)a3aMn jjia ABuraTejieft c paaaiianbíMH BejiHMHHaMK 

c í/i = í/ 2 = 0,5 U 0. HaMarHHMHBaiomnx tokob. 


TlHHaMHqecKae B03A.eňCTBHH MoryT óbiTb onac- 
HbiMH To^ibKO aah ABHraTeAeň, KOTopbie He npea,- 
Ha3HaqeHbi aah nycxa 6e3 cneuaajibHHX nycno- 
bhx ycTpoňcTB (HanpaMep, aah ABHraTe/ieň c 4>a3- 

HblM pOTOpOM. 

Xotb MaKCHMaabHbie BeAHqHHbí CBepxT0K03 
npn BOCCTaHOBaeHHH HanpaaKeHHa hmcíot tot a<e 
nopaaoK, hto h He onacHue a.ah ABHraTeJia toah- 

KH TOKa npH BHeiHHHX KOpOTKHX 33MbIKaHHHX, TeM 

He MeHee hx AHHaMHqecKoe AeňCTBiie Ha o 6 mot- 
kh npe.acTaB^aeT HeKOTopyio onacHOCTb b CBa3H 
C TeM, qTO HX AAHTeAbHOCTb MOaceT BO MHOTO 
pa3 npeBbmiaTb ;yiHTe./ibHOCTb ĎbiCTpo 3aTyxaio- 
IHHX TOKOB KOpOTKOrO 33MbIKaHHH. 

Oah 3 ko aah oóecneqeHHa yeroftqHBoň pa6o- 
tu Bce aBHraTe^iH BbinoAHHioTca TaKHM o6pa30M, 
qTO pa3BHB3IOT npH KpHTHqeCKOM CKOJIbXCeHHH 
■/Wmax~(l,8 — 2) M„om. ZlBHraTejlH AOAHCHbl Ha- 
AOkho BbwepJKHBaTb AHHaMHqecKHe ycHAHa ot 
TOKOB, COOTBeTCTByromHX 7W m ax . 3 tH TOKH, KaK 
6biJio yKa3aHo Bbíme, 3HaqHTeAbHO npeBoexoAHT 
Ihom h paBHbí npHMepHo (0,6-*-0,7) l n . t TaKHM 
o6pa30M KaacflHů ABHraTeAb AO^xceH b AHHaMH- 
qeCKOM OTHOUieHHH BHaepHCHBaTb TOKH B (0,65 
--0,7) /„. 
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onpeiieaaeMbix BOCCTaHaBAHBaiomHMCH Hanpn>Ke- 
HHeM =2 0,75 Uhom. 

CaeayeT OTMeTHTb, hto b nocjieAHee BpeMs? 
qacTO cqHTaioT bosmohchmm, b ocočchhocth aaís 
OTBeTCTBeHHbix ABHraTeAeň, He yqriTbiBaTb Be^iH- 
hhh BGccTaHaBJWBaiomHxcH ^anpHHteHHft, t. e, 
b HeKOTopbix aKcn^oaTauHOHHbix cjiyqaax Aonyc- 
KaiOT £HHaMHqecKoe B 03 AeftCTBHe Ha ABHraTe«ib 
TOKOB, HeCKOAbKO npeBblUiaiOmHX TOKH, COOTBeT- 
CTByjomne MaKCHMaabHOMy BpamaiomeMy mo- 
MeHTy. npH 3 TOM COOTBeTCTBeHHO ycKopaeTCR 
h 3 hoc ABHraTeAeň. 

Ha OCHOB 3 HHH H 3 AOKeHHOrO MOHÍHO CAeiaTb 

CAe^yiomne oSmne bhboah no 3 auiHTe ABuraie- 
Aeň ot CBepxTOKOB, HBJíaromHxca caeACTBHev: 
noHHaceHHH HanpaHceHHH b CHCTeMe: 

1. 3amHTa AOAHCHa ycTaHaBAHBaTbca Ha abu- 
raieAHX c (J)a3HWM poTopoM, paĎOTaiouiHX Ha 
MexaHH3MbI C IIOCTOaHHblM npoTHBOAeňCTByiomHM 
MOMeHTOM. Ee OCHOBHblM H33HaqeHHeM HBAfleTCK 
3amHTa oSmotok ot HeAonycTHMoro neperpeBa, 
KOTopbiň MoaceT noaBHTbca b tom c^yqae, ecjnt 
ABHraTeAb npn kopotkom 3aMUK3HHH ycneeT Ha- 

CTOAbKO 33T0pM03HTbCH, HTO npH BOCCTaHOB^e- 
hhh HanpaaceHHa He CMoaceT pa3BepHyTbca ao 






HopMajibHoro cKOJibHceHHa. STa 3amaTa MoaceT 
óbiTb o6meň c paccMOTpeHHOň paHee 3amHToň 
ot neperpy30K h OyAeT Tor^a pearnpoBaTb Ha 
nOHBJIHIOmHeCH CBCpXTOKH. Olia MOHCeT ObITb BH- 
noAHeHa h t3Khm oópa30M, hto npn ocTaTOHHHx 
HanpaxceHHHX, MeHbmnx onpeAeAaeMoro ypaBHe- 
HHeiw (XII,34),.6yAeT OTKAioqaTb ABnraTeAb Mrao- 
BeHHO hah c BbiaepxcKoň BpeMeHH, MeHbiueň Toro 
npoMeacyTKa BpeMeHH,. KOTopbifi TpeóyeTca aah 
aocTHHceHHH npeAeAbHoro CKOAbaceHHa; npn óoAb- 
ÍUHX CKOAbHCeHHHX CT3HOBHTCH yace HeB03M0HC- 
HbiM ero pa3B0p0T npn BOCCTaHOBAeHHH Hanpa- 
xíeHHa (paccMaTpHBaeMaa Hnace 3aniHTa mhhh- 
MaAbHoro HanpaaceHHa). B t3kom bhuioah eHH h 
3aiU,HTa MOHCeT ĎbITb TaKHte HCn0Ab30BaHa 
b KaaecTBe 3amHTbi ABHraTeAeň pa3Hbix thhob 
OT AHHaMHaeCKHX B03AeflCTBHft ČOAbUIHX 
TOKOB. 

2. 3amHTa MoaceT ycTaHaBAHBaTbca Tanace Ha 
ABHraTeAHX Aioóoro Tnna aah 3amHTbi hx ot 
neperpeBa npH HeAonycTHMO 3aTarHBaiomHXca 
BOCCTaHOBAeHHHX HanpHACeHHH B CHCTeMe HAH B 
KaaecTBe npo<f>HAaKTHqecKoro MeponpnaTHa aah 
oTKAioqeHHH MeHee OTBeTCTBeHaux ABHraTeAeň h 
oSAeraeHHa ycAOBHň pa3BopoTa OoAeeoTBeTCT- 
BeHHblX. 

3. 3amHTy npnxoAHTca Taxace ycTaHaBAHBaTb 
b Tex CAyqaax, KorAa HeAOnycTHM caM03anycK 
ABHraTeAeň no ycAOBHHM TexHOAorHqecKoro npo- 
qecca npoH3BOACTBa hah TexHHKH 6e3onacHocTH 
(3auxHTa MHHHMaabHoro HanpaaceHHa). 


h nonepeqHoň och X q h yrAOM CABHra 8 Meacay 
a. a. c. E d h HanpaaceHHeM U (4>nr. XII, 10): 

p c = £0 sin 8 + í/ 2 40x q sin 2 5 * (XII ' 38) 

3to r BbipaaceHHe He yqHTbiBaeT noTepn moih- 

HOCTH B C3MOM ABHTaTeAe. 

BtopoS qaeH npHBeAeHHoft <J)opMyAbi, npncy- 
mnň MauiHHaM c BbiCTynaiomHMH nOAKicaMH, npeA- 
CTaBAaeT co6oň rax Ha3biBaeMyio peaKUHOHHyro 
MomHocTb. OHa onpeAeAaeTca pa3AH«iHoft MarHHT- 



4>Hr. XII,10. 3aBHCHMOCTb aKTHBHOft MOLUHOCTH CHHXpOHHOrO 
ABuraTeJia c BHCtynaiomHMH nojitocaMH ot ynia CABHra $ 


4. BbinAflEHHE CHHXPOHHbIX ABlirATEJItH 
H3 CHHXPOHH3MA 

BoAbuiaa qacTb coBpeMeHHbix chhxpohhhx ABH¬ 
raTeAeň c hhcaom oóopoTOB, He npeBocxoAHmHM 
1 000 b MHHyTy, HMeioT poTopbi c BbrcTynaromHMH 
noAiocaMH, Ha KOTopbix pa3MemaioTCH xaTyuiKH 
qómotkh B036yacAeHHa. 

3th ABHraTeAH CHaóacaioTca HcxyccTBeHHbíMH 
AeMn(J)epHbIMH CHCTeM3MH, COCTOHHJHMH OÓblHHO 
H3 MeAHHx CTepaíHeň, 3aAoaceHHbix b noAiocHHe 
HaKOHeHHHKH pOTOpa. CTepHCHH OTACAbHhlX nOAIO- 
COB COeAHHHJOTCH MeatAy Co6oň ĎOKOBblMH KOAb- 
uaMH h co3AaiOT CHCTeMy, noAOĎHyK) B 6eAHHbeň 
KAeTKe" K0p0TK033MKHyT0rO pOTOpa aCHHXpOHHO- 
ro ABHraTeAa, ’ 

HaAHMHe cneuHaAbHoň AeMntJjepHoň CHCTeMbi 
npHAaeT coBpeMeHHbíM chhxpohhmm ABHraTeAaM 
HexoTopbie CBoňcTBa acHHxpoHHbix h 9thm AaeT 
B03M0a<H0CTb ocymecTBAaTb nycK hx b paĎoTy b 
acHHxpOHHOM peacHMe, 6e3 cneunaAbHbix pa3roH- 
HblX ycTpoňcTB. 

y CTaHOBHBLUHflCH CHHXpOHHblíl peaíHM pa6o- 
tm ABHraTeAa xapaKTepH3yeTca CAeAyiomeň 3a- 
BHCHMOCTbK) MeaCAy erO aKTHBHOfl MOIUHOCTblO 
P.c — UI COS <P, 9. A. c. 3a CHHXpOHHHM peaKTaHCOM 
E d , HanpaaceHHeM Ha 3aatHMax oďmotkh CTaTopa 
U, CHHXPOHHUM peaKTaHCOM B npOAOAbHOfi OCH X d 


Hoň npoBOAHMOCTbio no npoAOAbHoS h nonepeqaoft 
OCHM pOTOpa H HepaBeHCTBOM B CBH3H C 9THM CO- 
npOTHBAeHHŮ X d H Xg. 

PeaKUHOHHaaMomHocTb oóycAOBAHBaeT Ha Baay 
ABHraTeAa AonoAHHTeAbHbiňpeaKTHBHbifl Bpamaio- 
IHHň MOMeHT, He 3aBHCamHŮ OT 9. A. c. E d , a 
CAe AOBaTeAbHO, h ot Tona B036yacAeHHH, h onpe- 
AeAaeMbift HCKAioqHTeAbHo HanpaaceHHeM Ha 3aac«- 
Max U h yrAOM CABHra 3. 

HaHÓoAbmaa aKTHBHaa MomHOCTb ABHraTeAa 

P f max B CHHXpOHHOM peHCHMe npH HOMHH3AbH0M 
HanpaaceHHH h HOMHHaAbHOM Toxe B 036 yacAeHHa 
oóhhho xapaKTepH3yeTCa BeAHqHHOfl, paeHofioT- 
HOineHHIO ee K HOMHHaAbHOfi 3KTHBHOÍÍ MOHJ.HOCTH 

Phom hah oTHoiueHHío cooTBeTCTByioHíHx Bpamato- 
IHHX MOMeHTOBI 

^cmai _ max ÍYIT 


C Apyroft CTopoHH aKTHBHaa MomHOCTb ABHra- 
TeAa onpeAeAaeTca CTaTHqecKHM npoTHBOAeflCT- 
ByiomHM MOMeHTOM M c npHBOAHMOrO HM b ABHace- 
Hne MexaHH3Ma. 

ycToňHHBaa CHHxpoHHaa paOoTa ABHraTeAa 
MoaceT HMeTb MecTO TOAbKO b tom CAyqae, 
ecAH Harpy3Ka MexaHH3Ma MeHbme mouihocth 
P.-max. ripH nOCTOHHHOň BeAHqHHe npoTHBOAeíi- 
CTByiomero MOMeHTa H3MeHeHHe BeAHqHH U ii 
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E d , nponopuHOHa^bHoň Tony B036y>KAeHHH, co- 
npoBtmjíaeTCH H3MeHeHiieM yrjia i MexcAy hhmh. 
J3,BHraTéjib paóoiaeT b chhxpohhom pexcHMe ao 
Tex nop, noxa CHHJxeHne npoH3BeaeHH« E d -U 
mojkct 6biTb CKOMneHCHpoBaHa B03pacT3HH6M yrAa 
Me*ay hhmh. řípa aaabHeňmeM yMeHbuieHHH E d -U 
B03HHKai0T KaqaHHH H nOHBAHeTCH B03M05KH0CTb 
BbinaaeHHfl aBHraTeaa H3 CHHxpoHH3Ma. 

TaxHM o6pa30M BbinaaeHHe aBaraTeaa H3 chh- 
xpoHH3Ma onpeaeaaeTCH: 

1) noHHjKeHHeM Toxa B036y>KAeHHH; 

2) yMeHbiiieHHeM HanpjnxeHHa Ha 3aatHMax 
CTaTOpHoň oómotkh ABuraTeAa; 

3) 3HaqHTeabHbiM yBeAHneHHeM axTHBHoft Ha- 
rpy3XH. 

yMeHbiueHHe hah nOAHoe Hcne3HOBeHHe Toxa 
B036y*aeHHa moxct PbiTb Bbi3BaHo noBpejKAeHH- 
hmh hah HeucnpaBHOCTaMH uenH B036y>xaeHHH 
(pa3pbiB uenn oďmotkh B036yjKAeHHH,‘ xpyroBoft 
oroHb Ha xoaaexTope, oópbiB myHTOBoň oPmotkh 
b péocTaTe h t. a.) hah HenpaBHAbHbíM peryan- 
poBaHHCM B036y>KAeHHH (HanpHMep, npn CTpeMAe- 
hhh axcnaoaTauHOHHoro nepcoHaaa pa3rpy3HTb 
B036yAHTeab H3-3a HeyAOBAeTBopHTeAbHoro co- 
CTOHHHH meTOK HAH KOAAeKTOpa). 

y ABHraTeaeft c BbiCTynaiomHMH noAKícaMH, 
Aajxe npa noAHOM Hcne3HOBeHHH Toxa B036yacae- 
HHH OCTaeTCH CHHXpOHHblň peaXTHBHblň MOMeHT, 
onpeAeaaeMbiň coraacHO (XI 1,38) bcahhhhoíí 

U' 1 ~ x x ^- s i n 28 peaxiiHOHHOň moiuhocth. OaHa- 

XO BSAHHHHa STOrO MOMCHTa OTHOCHTeAbHO H6Be- 
AHKa h nosTOMy, eCAH ABHraTeab paóoTaa co 3Ha- 
anTeAbHoň Harpy3X0íi, oHa He čyaeT AOCTaTOHHa 
aah yAepxcaHHa ero b CHHxpoHH3Me. 

CHuaceHHe HanpaaceHHa Ha 3a*HMax CTaTopa 
óbiBaeT nocTeneHHbíM hah BHe3anHbiM. 

riocTeneHHoe CHHjxeHHe HanpaaceHHH MoxceT 
xipoHCxoAHTb,- HanpHMep, nocAe OTKAioqeHHH xo- 
pOTXOrO 33MblXaHHH B HeAOCTaTOHHO CTaTHHeCXH 
ycToňanBOři aaexTpHqecxofl cncTeMe. 

B nepBOM npnĎ^HJxeHHH b ycAOBHax CHH>xeHHH 
HanpajxeHHH peaKimoHHoň CAararomeň moiuhocth 
ABH raTeaa c BHCTynaxjiuHMH noAiocaMH moíkho 
npeHeópeqb h cnHTaTb, hto ero axTHBHaa moih- 
HOCTb, xax H AAH M3IHHH C UHAHHApHHeCKHMH 
poTopaMH, BbipaaíaeTca cooTHOuieHHeM 

P,=^í!sinS. (MMO) 

*d 

npa cnMMeTpHHHOM noHHaceHHH Hanpa>xeHHa 
Ha 3aatHMax ABurarejia, paĎOTaxjmero c nocTOHH- 
Hoň Harpy3Koň Ha Ba^iy n HeH3MeHHHM toxom 
B03Ďy)KASHHa, yroAb 5 yBe.iHHHBaeTCH b upeae^e 
jo 90°. /(aAbHeHuiee yMeHbmeime HanpaaceHHa 
npHBOAHT X BbIXOAy ero H3 CHHXpOHH3Ma. 

npeAeabHaa MHHHMaabHaa BeannaHa U n peo Ha- 
npaxceHHa, npn xoTopoň ABHraTeab eme oeraeT- 
ca b CHHxpoHH3Me, onpeAeAaeTca c yaeTOM (XII, 39) 
h (XII, 40), HanpHMep, aah cayqaa ero 3arpy3XH 
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HOMHHaabHOň aXTHBHOň MOUIHOCTbK), CAeAyKHHHM 


o6pa30M: = 

OTCioAa 


Ed-U, 


*d 


HOM r> 

• * Ht 


U, 


U nped — p 


HOM 


c max 
P HOM 


Ed’ U n p e Q 

~X7~~ 


(XII, 41) 


BHe3anHoe noHH5xeHne HanpameHHa Ha 3aacH- 
Max ABHraTeaa, onaCHoe c tomkh 3peHna yAep- 
>XaHHa ero B CHHXpOHH3Me, B03HHXaeT B ÓOAblHHH- 

CTBe caynaeB b pe3yabTaTe xopotxhx 3aMHxaHHň 
b CHCTeMe, x xoTopoň oh npacoeAHHeH. 

npn cooTBeTCTByiomeM CHHixeHHH HanpaHíeHHa 
ABHraTeab noAOÓHo reHepaTopy HanHHaeT nocbi- 
aaTb x MecTy noBpeacAeHHa tok no BeananHe 
TeM óoAbmHň, aeM cnabHee cHH3Haocb Hanpaace- 
Hne. 

HaHÓOAbíHHň tok B03HHxaeT npH MeTaAAHne- 
CKHX KOpOTKHX 33MbIKaHHHX y 333KHMOB ABHraTeaa. 

Pa3HHua MeacAy noBeAeHHeM ABHraTeaa h reHe- 
paTopa, HanpHMep, npn Tpex4>a3HOM kopotkom 3a- 
MUK3HHH B Kaxoň-AHÓO TOHKe 3aKAK)qaeTCH B TOM, 
hto ABHraTeab TopM03HTca h, ecan B036yAHTeab 
pacnoaoaceH Ha ero Baay, 3aTyxaHHe Toxa bo3- 
ĎyjKAeHHa npoHcxoAHT ĎHCTpee, neM y reHepa- 
Topa. npaKTHnecKH eme ao ocTaHOBKH ABHraTeaa 
3 tot tok AeaaeTca paBHbíM Hyaio. 

Flpouecc noBeAeHHa ABHraTeaa npa BHe3anHOM 
noHHHceHHH HanpaxceHHa AOCTaToano CAOaceH h 
MOMCeTrjuTb paCCMOTpeH C HCnOAb30B3HHeM MeTO- 
AOB, xoTopbie npHMeHaroTCa Aaa pacneTOB Awna- 
MHnecxoft yČTOňHHBocTH CHHxpoHHbix reHepaTO- 
poB [JI. 5]. B nacTHOCTH npn 9 tom bo3mo>xho 
onpeAeanTb npeAeabHoe BpeMa, nepe3 xoropoe 
ABHraTeab BunaAaeT H3 CHHxpoHH3Ma npn AaHHOá 
BeAHHHHe ocTaTOHHoro HanpajxeHHH. 

B xanecTBe npHMepa Ha 4>ár. XII, 11 npHBeAeHa 
xpHBaa npeAeabHoro BpeMeHH t npe d , nepe3 koto- 
poe ABHraTeab c onpeAeaeHHbíMH napaMeTpaMH 
(X d =100%, X g =*75%, X d "=0,33X d , cos <p = 
=0,9 [onepeacaromHfl], P«a 2 p= 0,8, noeroHHHaa 
BpeMeHH OĎMOTKH B036y»CAeHHH npH p330MKHyT0ň 
uena CTaTopa T a —2 cex.) npn CHMMeTpHHHOM 
noHHHceHHH HanpajxeHHH BbinaAaeT H3 chhxpohh3- 
Má. KpnBaa nocTpoeHa Aaa cayaaa padoTbi ABHra- 
rejia Ha mHHbí PecKOHenHOň moihhocth npn no- 
CToaHHbix BeaHHHHax ocTaTOHHbix HanpaaceHHft. H3 
Hee b aacTHOCTH caeAyeT, hto npeAeabHoe ocra- 
TOHHoe Hanpa)xeHHe,npH kotopom ABHraTeab boo6- 
me He BbinaAaeT H3 CHHxpoHH3Ma, U nP ed =^0,5£/„o.„; 
npn PÓAbíHHx CHHJxeHHHX HanpajxeKHH BpeMa 
BbinaAeHHH ABHraTeAa BecbMa HeBeAHKO h ivia^io 

33BHCHT OT BeAHHHH OCTaTOHHHX HanpHHCeHIÍH. 

Bbíme paccMarpHBaAHCb cooTHomeHHa npn 
CHMMeTpHHHblX riOHHHCeHHaX HanpHHCeHHH Ha 333KH- 
Max CTaTOpHoň oómotxh CHHxpoHKoro ABHraTe^a. 
HanpaaceHHa OTpHuaTeAbHoň nocAeAOBaTeAbno- 
CTH, nOHBAHIOmHeCa npH HeCHMMeTpHHHbIX Ha- 



npflaceHHflX, C03^3 íOT ,ZIOnO;iHHTejIbHbIŘ T0pM03H0ft 
MOMeHT M 2 . riosTOMy pe3yjibTHpyiomHň BpamaK> 
m,HŮ MOMeHT M b 3tom c/iyHae onpe,ae./iHeTCH 
pa3HocTbio M=M t — M 2 Bpamaiomero MOMeHTa 
M t , oóyc^iOB^eHHoro HanpaaceHHeM nojiojKHTe^ib- 
Hoň nocjieAOBaTe^bHOCTH, h M 3 , oóyc^oB^eHHoro 
Hanpn>KeHHeM OTpmiaTejibHoft noc^ejOBaTe^bHo- 
CTH. 

HanpjmeHHe oTpHuaTe^ibHoň noc^e^OBaTe^b- 
HOCTH OKa3bIBaeT Ha BpamaiomHň MOMeHT CHHXpOH- 



4>w\ XII.11. npHMep 33BHCHMOCTH npeaejibHoro BpeMenH, 
3epe3 Koxopoe CHHxpoHHbig fl.BHraTe.iib BwnanaeT m chh- 

spOHH3Ma, ot BeaHHHHbí ocTaTomjoro HanpfnKeíÍHii. 

hhx flBHraTe^eň He óo^bmee BJiHSHHe, neM y 
aCHHXpOHHbIX. B CBH3H C 3THM CHHXpOHHWX 

ABHraTejieň, Kax h nnn acHHxpoHHbix, c paccMaT- 
pHBaeMOň TOHKH 3peHHH HaHĎOJiee HB- 

JÍHIOTCH TpeX<f)a3Hbie KOpOTKHe 3aMbIK3HHH. 

Bojiee THHce^HMH .ujih ABHraTejieň HecHMMeT- 

pHHHbie KOpOTKHe 33 MbIKaHHíI MOTyT ČbITb C TOHKH 
3peHHH neperpeBa aeMnijiepHofi h poTopHoň 06 - 
motok, Tax KaK nepeMeHHbiň tok B03HHKaeT b 
hhx yace c MOMeHTa BO3HHKH0BeHHH BHeuiHero 
noBpeacAeHHH, a He c MOMeHTa nepexo^a flBHra- 
rejia b acHHxpoHHbiň peacHM. 

noBeaenHe BHuieumero H3 CHHxpoHH3Ma abh- 
raTejia onpeAejiaeTCH cooTHOiueHHeM MeHeay 
Bpam,aioniHM momchtom ABHraTejm h npOTHBOAew- 
CTByKJUXKM MOMeHTOM npHBOflHMOrO B ABHJKéHHe 
MeX3HH3Ma. 

B 3aBHCHMOCTH OT BeJIHHHHbl OCTaTOHHOTO 
HanpHmeHHH, KBaapaTy kotodoto nponopimoHajieH 
cpeAHHň BpamaromHfl MOMeHT ^BHraTe^a b acnu- 
xpoHHOM peacHMe, ABHraTe.flb MoaceT no^mocTbio 
3aT0pM03HTbCH HJIH ÓCT3TbCH B paĎOTe C BO- 
HHHteHHblM npOTHB CHHXpOHHOrO MHMOM 060 - 
POTOB. 


OflHaKo TaKOň pe>KHM paóoTbi HBaaeTca jxjik 
aBHraTe^ia He,aonycTHMbiM no c^e^yromuM npmiH- 
h3m: 

1. JteMn(J)epHaa CHCTeMa, He paccaHTaHHaa he 
AJiHTe^bHyio paóoTy noa toiíom, b HeKOTOpbix 
KOHCTpyKUHax ABHraTe.aeft MoaceT SbiCTpo nepe- 
rpeBaTbca. 

2. 3aBHCHM0CTb Bpamaiomero MOMeHTa ot 
CKojibHceHna nojiyaaeTca MeHee 6jiaronpHHTHoft r 
neM b yc^OBHax HOpMa^bHoro acHHxpoHHoro nycKa,, 

M tfojieSanuf * 



4>Hr. XII,12. npHMep 33BHCHMOCTH Cpe^HHX H MrHOBeHHblK 
3Ha«ieHHH BpamaioiuHX momchtob Ha Baay CHHxpoHHoro #bm- 
raiejia c BbicrynaiomHMH nojiiocaMH ot CKOJibiKeHHH b pe- 
HCHMe HopMajibHoro acHHxpoHHoro nycna. 

1 — cpejwiHfl MOMeHT Ha Ba-ny sa oahh nepnoa cKOJibweHHSi; 2— Hauóojib- 
ihhh MOMeHT Ha Bajiy; 3 — HaHMeHbiuiiň momcht Ha Ba^y. 
e 

č^aronapa TOMy, hto o6motk3 B036yxciieHH5p 
OKa3biBaeTca He33MKHyT0H Ha pa3pa^Hoe conpo- 
THB^ieHne, a npHcoeanHeHHOft k HCTOHHHKy no- 

CTOHHHOrO TOKa — B03ÓyAHTe^lK). 

Yace npH HopMa^bHOM acnHxpoHHOM nycxe 
MrHOBeHHHe 3HaneHHa BpamaiomHx momchtob 
OTJ iHaaioTCH ot cpe^HHx 3a oahh nepaoa CKoabace- 
hhh (<J)nr. XII,12) 3 a caeT HepaBHOMepHoro pac- 
npeAejieHHH oďmotok Ha poTOpe (To^bKO Ha 
BUCTynaiomHx no^nocax) h HeoiiHHaKOBux Mar- 
HHTHbix npoBOAHMOCTeň b npojiOJibHoS h none- 
peHHOft OCHX. 

IlpH aCHHXpOHHOM pe>KHMe paĎOTbl yBejIHHHBa- 
eTca pa3HHua Meac^y MaKCiiMajibHbíMH h . mhhh- 

MaJlbHblMH MTHOBeHHblMH 3H3HeHHHMH MOMeHTOB 
Ha BaJiy, nOHBJIHIOTCH 3HaHHTe^[bHbie MOMeHTbl 
OTpnitaTe^bHoro 3Haxa (<J)Hr. XII,13). 

B pe3y^bTaTe bcs MexaHHHecKaa CHCTeMa 
arperaTa flBHraTe^b-MexaHH3M CTaBHTca b Taace- 
^bie ycjioBHa pafíoTbi. 

3. Očimotkh ABHraTejia nonsepratoTca repMH- 
aecKOMy h ^HHaMHaecKOMy B03AeflCTBHio noBbi- 
UieHHblX tokob. 

KpoMe Toro npn acni^xpoHHOM xoae, oSyc^ioB- 
JieHHOM pa3pbiBOM nenn B036y>KAeHHa, Ha KOHuax 
oómotkh poTopa noaBJíaioTca noBbímeHHbie Ha 
npaxceHHH, HaBOAHMtie b Heň 3a caeT CKO^baceana 
poTopa oTHOCHTe^ibHO BpamaiomerocH MarHHTHoro 
nojia CTaTopa. 

flosTOMy na cHHxpoiiHbix ^BiiraTe^ax aojdkh 3 
ycTaHaBjíHBaTbca 3amHTa ot acimxpoHHoro xo,o,a. 

3Ta samKTa MoaceT AeňCTBOBaTb na otkjho- 
ieHHe ABHraTe^a ujm, b Tex c^iynaax, ícor^a oh 
B bina^ H3 CHHXpOHH3M3 BCJieflCTBHe nOHI«KeHH3 
nanpa>KeHHH h HMeeT acHHxpoHHbiň nycK, — na ne- 
peBOfl ero uenn B036y>KAeHHa b nycKOBoe no- 
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jioaieHne h^ih Ha oTKJiioqeHHe h odpaTHoe aBTOMa- 
TfmecKoe noBTopHoe BK^ioneHae. 

B nycKOBOM nojioxceHHH o6motk3 B03dyxcAe- 
HHH OTCOeAHHeHa OT HCTOHHHKa nHT3HHH H 33MK- 
ayTa Ha paapaAHoe aKTHBHoe conpoTHB^eHHe, 
Be/iHHHHa KOToporo BbiČHpaeTCfl npHMepHO b 
S—:-10 pa3 dojibme ee codcTBeHHoro conpOTHBAe- 

BHH. 

FlepeBOA uenu f B03dyxcAeHHH b nycKOBoe 
nojiojKeHHe co3AaeT do^ee djiaronpHHTHoe yc.no- 
BHe AAH OČpaTHOrO BTHrHBaHHH ABHraTejlH B 
:nHxpOHH3M, TaK KaK ero nycKOBaa acHHxpoHHaa 



Cpur. XII,13. npHMep 3aBHCHMOCTH CpejXHHX H MTHOBeHHblX 
3 HaMeHHH MOMeHTOB Ha Bajiy CHHXpOHHOrO ^BHraTeJIJI C BH- 
CTynaiomHMH nojiiocaMH ot CKOJibHceHwi npH BbmaaeHHH ero 
JÍ 3 CHHXpOHH3Ma (flBHraTeJIb TOT 5Ke, qTO H flJIfl $nr. XII, 12). 

3 — cpejmufi MOMeHT Ha Ba/iy 3a oahh nepHoa CKOJibHceHHsi; <2—Hanóoab- 
amň MOMeHT Ha Bajiy; 3 — HaHMeHbiiiHíi momcht Ha eajiy; 4 — cpeaHHň 
MOMeHT Ha Baay npH HopMajibHOM nycne. 


xapaKTepHCTHKa HMeeT a-kh 9Toro do^ee iioaxo- 
Aamne napaMeTpu, HeM acHHxpoHHaa xapaKTe¬ 
pHCTHKa c odMOTKofl B03dyacAeHHH, npHCoeAHHeH- 
HOfií K HCTOHHHKy nOCTOHHHOrO TOKa. 

MoaceT,- 0AH3K0, OKa3aTbCH, hto h nocjie 
nepeBOAa ABHraTeJia Ha nycKOByio acHHXpOHHyio 
xapaKTepncTHKy ero chhxpohh33hhh HeB03MOx(Ha. 
3to duBaeT b Tex c^yqaax, KorAa BOceTaHaBAH- 
BaiomeecH HanpaaceHHe OKa3biBaeTca HeAOCTaToa- 
ho bucokhm vuih ABHraTeAH HopMaAbHO nycKa- 
íotch b padoTy c noHHAceHHbíM 3HaaeHHeM npo- 


THBOAeňcTByiomero MOMeHTa. TorAa cAeAyeT 
paccMOTpeTb uejiecoodpa3HOCTb BpeMeHHoro Ha 
nepHOA odpaTHofl chhxpohh33uhh yMeHbuieHHa 
BeAHHHHH npOTHBOAeftCTByjomerO MOMeHTa ao 
T aKOrO 3H3HeHHa, npH KOTOpOM CHHXpOHH3aHHH 
AO^HíHa dbiTb ycneinHOň. 

npH H6B03M0ACH0CTH CHHXpOHH3aU.HH ABHTa- 
Te^b AOJlHteH aBTOMaTHHeCKH OTKAKJHaTbCa. 

npouecc odpaTHoro BTarHBaHHa ABHraTeAa b 
CHHXpOHH3M 3aKAK)HaeTCH B TOM, HTO nOCAe AO- 

CTHHteHHH hm HHCJia odopoTOB, odecneaHBaiomero 
AOCT3TOHHO MaAyiO BeJIHHHHy CKOAbHCeHHH, od- 
MOTKa B 03 dyaKAeHHH nepeKAioHaeTca c pa3paAHoro 
COnpOTHBAeHHH Ha HCTOHHHK nOCTOHHHOrO TOKa. 
Ha BaA ABHraTeAa HapaAy c acHHxpoHHWM Bpa- 
maiouiHM MOMeHTOM HauHHaeT AeficTBOBaTb mo- 
MeHT cHHxpoHHbiň. Ecjih nepeKJiioqeHHe OKa3a- 
<aocb npoH 3 BeAeHHMM b yAauHbiň momcht BpeMe- 
HH, CHHXpoHHblň MOMeHT OK33bIBaeTCH TaKAíe 
BpamaiomHM b TeaeHHe BpeMeHH, AOCTaTOHHoro 
AJia AOCTHaceHHH ABHraTeAeM CHHXpOHHOrO HHCJia 
odopoTOB. FIpaKTHHecKH npHMeHaeMbie ycTpoflcT- 
Ba ajih CHHxpoHH3auHH ABHraTe^ieň c acHHxpoHHbíM 
3anycK0M He hmciot npHcnocodAeHHň a^ih Bbidopa 
MOMeHTa BpeMeHH noAaaH HanpaaceHna b uenb 

B03dyjKA6HHH. EÍOaTOMy CHHXpoHHblň MOMeHT M0- 
ACeT OKa33TbCH BHaHajie ASACe T0pM03HbIM H liepeA 
BTHrHBaHHeM B CHHXpOHH3M npOH3O0AyT KauaHHH 
ABHraTeJIH OTHOCHTeAbHO OCTaAbHOŽ naCTH 9JieKT- 
pHHeCKOň CHCTeMM. 

flonycTHMoe BpeMa acHHxpoHHoft padoTbi 
ABnraTeAH qacTO HeBe^HKo h orpaHHHHBaeTca 
AJih HeKOTopbix KOHCTpyKAHfl HarpeBOM AeMn- 
4>epHOŽ CHCTeMM. 

5. 3AIUHTA flBHrATEJIEň OT MH0r04»A3HbIX 
3AMbIKAHHft 

B KauecTBe 3amHTbi ABHraTe^eň ot MHoro- 
4>a3Hux 3aMbiK3HHfl MoryT dbiTb npHMeHeHu: 

1) nAaBKHe npeAOxpaHHTejm; 

2) MaKCHMaAbHaa tokob3h 3amHTa; 

3) AH^epeHuuajibHaa tokob3h 3amHTa. 

n^aBKHe npeAOXpaHHTejM, KaK yAce yKa3MBa- 

jiocb Bbirne, HMeioT BécbMa mnpoKoe npHMeHeHHe 

aah 3amHTu ABHraTeAeň HanpaAceHHeM 500 V h 

HHACe. 

ZlHíjjepeHUHa^bHafl TOKOBaa 3amHTa "npHMeHa- 
eTCH To^ibKO aas ABHraTejieň doAbmoň mohihocth 
h^ih TaKAce MeHbmeft mouxhocth, ho thxoxoahhx, 
HMeiomHx do^bmoň BpamaiomHň momcht. BbinoA- 
HHeTca oHa, KaK h a^h 3auiHTbi reHepaTopoB. 

riosTOMy HHAce paccMaTpHBaeTca ocymecTBAe- 
HHe MaKCHMaAbHOň TOKOBOft 3auiHTbI, HMeromeft 
npHMeHHTeAbHO k CAyqaio ycTaHOBKK ee Ha abh- 
raTeAax HeKOTopwe ocodeHHocTH. 

MeCTO yCTaHOBKH TpaHC(JjOpMaTOpOB TOKa H 
cxeMa BbinoAHeHHH. JIah odecneueHHa AeňCTBHa 
3amHTbi npa noBpeACAeHHHx KaK b cbmom abh- 
raTe^ie, TaK h b Kadete h^ih Ha uiHHax, coeAHHH- 




ioiahx ero c BbixAionaTeAeM, TpaHC(J)opMaTopH 
Tona 3amHTu aojihchh ycTaHaBAHBaTbca moxay 
ABuraTejieM n BbixAKjaaTeAeM, no bo3momchocth 
ójinme k nocjieAHeMy. 

JXjiíí yMeHbuisHHH Ko^nnecTBa oóopyAOBaHHa, 
Heoóxo^HMoro aah ocymecTBAeHHa 3amnTbi, npn- 
MeHsnoTCH oóbiHHO ynpomeHHbie cxeMu, HanpHMep, 
cxeMa c BK^roqeHneM OAHoro peAe Ha pa3H0CTb 
TOKOB Asyx 4>a3. 


1) Toxa, nocbi^aeMoro ABHraTeAeM npn xopoT- 
kom 3aMUKaHHH b nHTaroineň ero cncTeMe, h 

2) nepHOflKRecKoň cocTaBAHx>meň /„ nycxoBO- 
ro Tona npn noAHOM HanpajxeHHH Ha 3aacHMax 
ABHraTeAH, CXOAbHCeHHHS =1 H BblBejíeHHOM conpo- 
THB^ieHHH b nenn poTopa (aah ABnraTeAeft c 
4>a3HbiM poxopoM). Taxae nycKOBbie tokh b abh- 
raTe^e C <})a3HbIM pOTOpOM, He OTXAKIHeHHOM 
SbiCTpo npH noHHHceHHax HanpaweHHH, Moryt 



<řnr. XII.14. CxeMa aamHTH ot MHoro- 

(j)a3HblX 3aMbIKaiIHH nOCpeACTBOM 
oanoro MaKCHMaabHoro TOKOBoro peae 
npsMoro seflCTBHfl, BKJiioqeHHoro Ha 
pa3HOCTfa TOKOB AByx (J>a3. 




XII,15. CxeMa 3autHTbi ot mho- 

rO([)a3HUX 33MblKaHHH nOCpeflCTBOM 
oanoro MrHOBeHHoro MaKCHMaabHoro 
TOKOBoro peae, BKJiioqeHHoro Ha pa3- 
HOCTb TOKOB AByx 4>a3. 


<í>Hr. XII,16. ^xe.va 3amHTU ot mho- 
rO$a3HblX 3aMb!K3H HÍl nOCpeACTBOM 
OTCeHKH, BCTpoeHHOÍi B MaKCHMaabHOe 
TOKOBoe peae, c orpaHHqeHHO-3aBHcn- 
MOH XapaKTepHCTHKOlí, BKAKtqeHHOe 
Ha pa3HOCTb TOKOB AByX (j>a3. 


OcHOBHoe TpeóoBaHHe, npeAtsBAaeMoe k 3a- 
mHTe, sto — ĎbiCTpoTa ee AeňCTBHa. ÍIoaTOMy 
OHa, Kax npaBHAO, BbinoAHaeTca MrHOBeHHOAeň- 
CTByiomeň. 3am,HTa ocyinecTBAaeTca nocpeACTBOM 
BTOpHHHHX TOKOBblX peAe npHMOTO AeňCTBHH (Ha- 
npHMep, T«na KAM 3aBoaa „SAexTpoannapaT", co 

CHHTHM yCTpoftCTBOM A- 4 H C 03 A 3 HHH BbJAepHCXH 

BpeMeHH) (cm. ta. II, § 10), btophhhmx MrHOBeH- 
hmx peae KOCBeHHoro AeňCTBHa (HanpHMep, THna 
9T-60 X3M3) hah MrHOBeHHOAeňcTByromHX 9 Ae- 
MeHTOB oTceaex b toxobhx peAe c orpaHHaeHHO- 
33 BHCHMHMH xap 3 KTepHCTHK 3 MH (HanpHMep, THna 

HT-82 X3M3). CooTBeTCTByrouiHe npHHnHnnaAb- 
Hbie cxeMbi 3aniHT npHBeAeHbí Ha <|>Hr. XII, 14, XII, 15 
h XII, 16. 3aBHCHMaa aacTb xapaKTepncTHKH peAe 
no 4>Hr. XII, 16 b ochobhom HcnoAb3yeTca, Kax 
3TO paCCMaTpHBaeTCH B § 8 TA. XII, AAH 3amHTH 
ABHraTeAeň ot CBepxTOKOB. 

B nepByio oaepeAb CAeAyeT BbiacHHTb neAeco- 
o6pa3HocTb npuMeHeHHH 6oAee npocTbix h aoct3- 
tohho HaAeacHbix cxeM c peAe npaMoro AeňCTBHa 
h cxeM Ha onepaTHBHOM nepeMeHHOM Toxe. 

CxeMbi Ha onepaTHBHOM hoctohhhom Toxe 
(HanpHMep, 4 )Hr - XII, 15) npHMeHaroTCa b Tex 
CAynaax, xorAa AaHHaa ycTaHOBxa AOA)XHa HMeTb 
axxyMyAaTopHyx) 6aTapex> He33BHCHMO ot ocy- 
mecTBAeHHa paccMaTpHBaeMbix 3ainHT. 

Tok TporanHa 3auwT acHHxpoHHbix'ABHra- 
TCAeň. Tox TpOraHHH 3 ainHTbI AOAHCeH ÓbITb 
óoAbUie: 


HMeTb MecTO npn BOCCTaHOBAeHHH HanpajxeHHa 
nOCAe AHXBHAaUHH BHeiUHHX XOpOTXHX 3aMbIKaHHH. 

3aTyxaHHe nocTOHHHoň cocTaBAaioineň nycxo- 
Boro Toxa nponcxoAHT ((J)Hr. XII, 17) b TeaeHHe 
oaeHb HečoAbmoro PpeMeHH, He npeBocxoAHinero 
AByx nepnoAOB. Ee BeAHHHHa o6hhho He npeBH- 
niaeT 0,7/„. OAHaxo a-kb paccMaTpHBaeMux 
3amHT, He HMeioinHx AonoAHHTeAbHofi BbiAepacxH 
BpeMeHH, HaAHHHe 9TOft COCTaBAHIomeň npnxo- 
AHTCa yHHTblBaTb npH BUĎOpe X03<J)HnHeHTa |Ha- 
AG5KHOCTH. 

yaHTHBaa Aaa cxeM (J)Hr. XII, 14—XII, 16 bxak)- 
neHHe peAe Ha pa3HOCTb toxob AByx 4>a3, npn 
xotopom tox ip b CAyaae CHMMeTpHHHoro nepBHa- 
Horo Toxa b K 3 pa3 doAbine Toxa b 4>a3e, noAy- 
naeM 

l + m ~ ^ 3 K (XII, 42) 

K03(|)HnHeHT H3A65KHOCTH ft H BbiSnpaeTCH npH- 
MepHO paBHHM: a^ih THna 3T-60—1,4 -s-1,6, 
aah OTceaxH b peAe HT-82 — 1,8-^2; noBwmeHHbie 
3HaaeHHa k» npn peAe HT-82 oó-bacHaroTca TeM, 
hto oTcenxa b hcm HMeeT ĎOAbinyx) HHepnnoHHyio 
ouiHčxy h nAoxoft xoaiJmnHeHT B03BpaTa, b cbh3h c 
neM 3ainnTa fioAee noABepaceHa agUctbhk) xpaTxo- 
BpeM6HHHX HMnyAbCOB Toxa. 

npn OTKTIlO^eHHH ^BHraTeJIH H ÓEICTpOM ero nOBTOpHOM 
BKJIIOqeHHH HaBOflHMaH B ero CTaTOpHO0 OÓMOTKe 9. A. c* 
MOMceT He ycneTb 3aTyxHyTb. B He6jiaronpH«THOM c^y^ae, 
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24 Pe/iefiHaji 3 amHTa 



CKJiaAHBaaCb c HanpaiKeiiHeM ccth, OHa MOXceT oóycJiOBHTb 
nycKOBue tokh, 3HaqHTeJibHO npeBoexoflamne re, KOTopue 
COOTBeTCTByiOT HOpMdJlbHOMy nycKy. 

Ha OCHOB3HHH SKCnepHMeHTaJIbHbIX A3HHHX BpeMH cytue- 
CTBOBaHHfl TOKa B ABHraTefle npH TpeX$a3HOM KOpOTKOM 

3ayuKaHHHHa ero 3a)KHMax coCTaBaaeT oówqHO 0,05—0,2 cen. 
TaicHM o6pa30M npH cymecTByjonuix BUKJiioMaTejiax h ycrpoft- 
dBax AI1B noBumeHHue nycKOBwe tokh ajih acHHXpoHHbíx 
ABHrateae^ npaKTnqecKH Maao BepoaTHbi. 



4>nr. XÍI,17. 3aBHCHM0CTb nycKOBoro Tona ot BpeMeHH *jih 

acHHXpOHHoro ABHraTejia. 


Tok TporaHHsi 3amuT chhxpohhwx ABHraTe- 
jiefl. Tok TporaHHa, KaK h rjm acHHXpoHHbíx abh- 
raie^eň, AOJiMceH 6 mtb onpeAejieH c yqeTOM caepx- 
nepexoAHoro TOKa /", nocbijiaeMoro ABHraTeJieM 
b ceTb npa kopotkom 3aMbiKaHHH y ero 3a»cHMOB, 
h nycKOBoro TOKa. 

řípa 3T0M npeAnojiaraeTCH, mto tokh, bo3hh- 
KaiomHe b ABHraTeAe npn ero CHHXpOHHbix xaqa- 
HHHX, He npeB30ÍÍAyT C yqeTOM BBOAHMblX K03* 

4>HUHeHTOB HaAeacHOCTH onpeAeAeHHoro tbkhm 
o6pa30M Toxa TporaHHH. 

B npOTHBOnOJlO>KHOCTb aCHHXpOHHblM flBHraTeJIHM B flaH- 
hom cjiyqae HHor.ua npHxoAHTCH TaKHce y^HTUBaTb bo3Moxc- 
HOCTb BOSHHKHOBeHHH nOBUlUeHHUX nyCKOBblX TOKOB npH 

ycTBHOBKC AI1B Ha jihhhbx, nwTaiomHx 3amHmaeMbií^ abh- 
meab. 

MaKCHMaJibHoe 3HaHeH«e Toxa /", ecaH no bo3hhkhobc- 
hhh KopoTKoro 3aMbiKanHH Hanpa»ceHHe Ha 3axcHMax ABHraTeafl 
paBHSJíocb 1,05 U H0Mi tok CTaTopa 0,95 I H0Mt kosýhuhcht 
moiuhocth cos¥# OJIf h CBepxnepexoAHbiň peaKTaHC b aojihx 
exHHHUbi X dt onpexeJUieTCJi ypasHeHHeM 

/" E” ^ + 0,95 • ^ * sin Vhom 

X" d “ 

+ 0,95 sin . (XII, 43) 



MaKCHMajibHbiH tok b ABHraTeae I noel n npn noBTopHOM 

BKJIIOqeHHH MOHÍ6T B03HHKHyTb B CJiynae eTO npHCOeAHHeHHH 
k cHdeMe BecbMa óoJibiuoft no cpaBHenHio c ABHraTejieM 
MOIUHOCTH npH BOCCTaHaBJIHBaiOmiiXCH HaiIpJI^KeHHH cem H 
HanpíixceHHH Ha 3axcnMax ABHraTejiH, paBHbix HOMHHa;ibHbtM 
h CABHHyTbix no <})a3e b momcht BKjnoqeHHH na 180°, h oii* 
peaejiHeTCH ypaBHeiiHeM 


?no om 
*HOAl 



(XII, 44) 


Ran onpenejieum TOKa TporaHHH 3amHTbi CHiixpoHHoro 
ABHraTeAH Hcnojib3yeTca Bwpa}KeHHe(XlI,42) c n oddáno bkoh 
b wero B3anieH i n HaHOojibinero H3 paccMOTpeHHbix tokob. 
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ripH B03MOHCHOCTH nOBTOpHOS aBTOMaTH^eCKOH nOASHH Haif- 
pHxceHHH Ha 3amHmaeMbiii ABHraiejib pacneTHbíM flBaaeTCH 
TOK H3 COOTHOIlieHHH (XII, 44). 

OueHKa 3aiUHTbI. OcHOBHHM HeAOCTaTKOM Bbl- 
noaHeHHOfi paccMOTpeHHbíM o6pa30M tokoboí) 3a- 
mHTbi acHHXpoHHbíx h CHHXpOHHbix ABHraTeaefl ot 
MH oro$a3HHX 3aMbiKaHHň HBaaeTca ee Maaaa ays- 

CTBHTejIbHOCTb. 

HeKOTopoe noBumeHHe qyBCTBHTeabHOCTH mo- 
ateT 6HTb noayqeHO 3a caeT oTCTpoňKH ee no 
BpeMeHH ot anepHOAHHecKofi c^araiomeň nepe- 
xoAHoro Tona. TaK, HanpaMep, a áa 3 amHTbi no 
4>nr. XII, 15 bboaht b BbixoAHyio uenb npoMe- 
acyTonHoe peae, HanpHMep, Tnna Pfl-2 X3M3. 
Ero coĎCTBeHHoro BpeMeHH cpaóaTHBaHna yace 
OKa3biBaeTca npnMepHO AOCTaTonHO, hto6m npea- 
OTBapnTb Bananne Ha tok TporaHna CBOÓOAHOň 
cjiaraiomeň nycKOBoro TOKa acnHxpoHHoro abh- 
raTe^a; noaTOMy Koa^naneHT HaAeatHOCTH k K 
(XII, 42) npeACTaBaaeTca bosmojkhhm a^h pe^ie 
Tnna 3T-60 X9M3 y 3aoxnT acHHxponHux abh- 
raTeaeft CHH3HTb c 1,4—1,6 npnMepHO ao 1,15— 
1 , 2 . 

iXajibHeňmee yBeanneHne BbiAepacKH BpeMeHH 
3amnTU acHHXpoHHbíx ABHraTe^eň c aeAbio noBU- 
uieHHa nyBCTBHTeAbHOCTH npaKTHaecKH, KaK npa- 
bhjio, AaTb HHaero He MoaceT, Tax KaK chmmct- 
pHHHaa cjiararomaa nycKOBoro TOKa yMeHbiuaeTca 
bo BpeMeHH oaeHb MeAaeHHÓ (<j)Hr. XII, 17), 
BecbMa pe3Koe ee cnaAaHHe HaCTynaeT ToabKO 
npn AOCTHaceHHH ABHraTeaeM CKoabxceHHň, 6an3- 
KHX K KpHTHaeCKOMy. rloSTOMy HJin 3aMeTHO- 
ro noBbiuieHHa HyBCTBHTeAbHOCTH npHiuaocb 6u 
ycTaHaBaHBaTb Ha 3amHTe coBepmeHHO HenpneM- 
aeMbie BUAepxcKH BpeMeHH, H3MepaeMue mhotumk 
ceKyHAaMH. 

He cHHTaeTca • TaKxte Aeaecoo6pa3HUM yBe- 

JIHHHBaTb HyBCTBHTeAbHOCTb 3amHT CHHXpOHHHX 

ABnraTejieň 3a caeT noBMmeHHa BpeMeHH hx 
A eňCTBHH. 

CxeMa c BKJiioHeHHeM OAHoro peae Ha pa3- 
HOCTb TOKQB AByX <f>a3 HMeeT HOHHJKeHHyiO B \/3 
pa3a nyBCTBHTeAbHOCTb npn Asyx^a3HUX 3aMbi- 
K3HHHX MeXCAy <^a33MH, OAH3 H3 KOTOpHX He HMe^T 
TpaHCiJiOpMaTOpa TQXa. OaH3KO yCTpaHHTb 3TOT 
HeAocTaTOK nocpeACTBOM nepexoAa Ha cxeMy ae- 
nojiHoň 3Be3Abi caeAyeT ToabKO b cayaaax xpaň- 
Heň HeoóxoAHMOCTH, TaK Kax npn 9 tom BABoe 
yBeaHHHBaeTcn KoannecTBO HeočxoAHMux pejie. 

HeKOTopoe noBbímeHne nyBCTBHTeabHocTH npn 
npnMeHeHHH pe^ie Tnna 3T X3M3 Moacer 6biTb 
T3K>Ke AOCTnrHyTO npn cneu,najibHOM pa3A£*Tf>- 
hom EK^roneHHH AByx noaoBHH hx o6motkií na 
^HHeůHbie tokh (cm. tji. VII, § 7). 

1Í3 H3.iO)KeHHoro c.TeAyer, hto b HacTOsn^ee 
BpeMH He cymecTByeT Bno^He yAOB^eTBopnTe^b- 
hhx cnocoéoB ocymecTBaeHHH HyBCTBHTejibHoil 
MaKCHMaAbHOň TOKOBOfl 3aHl,HTbI ABHraTejieii OT 
KOpOTKOrO 33MbIKaHHH. 



SamHTa AeflcTByeT npn MHoro<i>a3Hbix 3aMbi- 
KaHHHX Ha BHBOAax OÓMOTKH CTaTOpa TOAbKO 
Ha nacTH bhtkob, pacnoJiOLKeHHbix b6jih 3H noc- 
jieAHHx, h Ha yqacTKe MexcAy BbiBOAaMH h bh- 
oroiaTe^eM. 

C 3TO0 TOHKH 3p6HHH Ha ABHraTeJIHX Hcejia- 
Te^bHO HM6Tb eme AonojiHHTe^bHyio (oĎmhho 

qyBCTBHTeAbHyio) 3aiHHTy OT CBepXTOIfOB, KOTO- 
paa xoth 6 bi c óo^buioň BbiAepxcKOft BpeM 6 HH 
Morfia pe 3 epBHpoBaTb MrHOBeHHyio rpyóyio 3a- 
IIÍHTy OT KOpOTKOrO 3aMblKaHHH B CTaTOpHOft 06 - 
MOTKe. 

6. 3AIUHTA ABHrATEJlEA OT CBEPXTOK£B 
nOCPEACTBOM TEPMHqECKHX PEJ1E 

Ochobhoh onacHOCTbio aah ABHraTejiefi npg 

CBepXTOKax HB^HeTCH B03M0XÍH0CTb HÉAOnyCTH- 
moto neperpeBa o6motok. 3aBHCHMOCTb AonycTH- 
MHX B 6 JIHHHH CBepXTOKOB ot BpeMehH H3o6pax{a- 
eTCH TenjioBofl xapaKTepHCTHKOň ABHraTe^H, ko- 
Topaa homhmo napaMeTpoB, onpeAe.nsnomHx noc- 
TOHHHyio BpeMeHH HarpeBa T, 38Bhcht Taxace ot 
BeaHHHHbí npexBapHTexbHoň Harpy3KH, HMeBineň 
MeCTO AO MOMeHTa B 03 HHKH 0 BeHHH CBepxTOKa H 
ot TeMnepaTypbi ox./iaiKAaiomero B03Ayxa. 

MaKCHMaabHbie TOKOBue 3 amnTbi c peae, nocT- 
poeHHbíMH, HanpHMep, Ha sjíeKTpoMarHHTHOM hah 
HH xyKUHOHHOM npHHimnax, He MoryT HMeTb xapax- 
TepHCTHK, yqHTblBaromHX 3TH OCOÓeHHOCTH. 

npHHu,HnHajibHO Haadoxee coBepineHHoe pe- 
meHHe Bonpoca noayqaeTCH npn HcnoAb30BaHHH 
peae, KOTopbie ocHOBaHH Ha Ten^oBOM abííctbhh 
TOKa H MOryT HMeTb XapaKTepHCTHKH BpeMeHH 
cpačaTbiBaHHH noAOÓHbie TenjioBbíM xa- 

paKTepacTHKaM 3 amnmaeMbix ABHraTeaeň. Taxne 
pexe Ha 3 biB 3 K)Tca T 6 pmhicckhhh. 

Hanóoflee niHpoKoe pacnpocTpaHeHHe nojiy- 
hhjih TepMHHecKHe peae, b kotophx b KaqecTBe 
HarpeBaeMoro Teaa Hcno^b3yeTCH ÓHMeTaa/iHqe- 
ckhh aaeMeHT, cocToamHň H3 AByx, očmmho 
cBapeHHHx no Bceft noBepxHocTH, n^acTHHOK 
H3 MeTaxaoB ujih cn/iaBOB, oójiaxaiomHx pa3Jinu- 
HblMH K03l}>HHHeHTaMH AHHeňHoro pacuiHpeHHH a. 

Ecjih oahh KOHeu Taxoro sxeMeHTa aahho# l 
h tojiihhhoů d (4»nr. XII,18) xtecTKO 3 aKpenHTb, 
to npa HarpeBaHHH CBoóoAHbiň ero KOHeu BcneA- 

CTBHe HeOAHHaKOBHX K03(j)HUHeHT0B JIHHeflHOrO 
pacuinpeHHH a! h a 2 CBapeHHbix naacraH H3orHeT- 
CH Ha BeJIHHHHy a B CTOpOHy nJiaCTHHH C MeHb- 
II1HM K03(j)HUHeHT0M a. 

Ha 4mr.XII,18 BepxHHH n.aacTHHa 1 HMeeT 
óo^bniHŘ KoacpHUHeHT AHHeňHoro pacuiHpeHHn, 
neii hhjkhhh (a t >a 2 ); nosTOMy saeMeHT H 3 ru 6 aeT- 
C5I BHH3. 

BejiHHHHa H3rn6a a MoaceT čbiTb oijeHeHa, 
HanpHMep, no c/ieAyiomeň $°P M y jie: 

(XII, 45) 


rxe k — Kos^HuneHT nponopuHOHaabHOCTH; 

t 0 h x — cooTBeTCTBeHHo HanaAbHoe H KO- 
HenHoe npeBbiuieHHH TeMnepaTypbi 
3AeMeHTa HaA TeMnepaTypofi oicpy- 
acaiomefi cpeAbi. 

Kax c^eAyeT H3 (XII, 45), Be^iHHHHa H3rH6a 
nponopuHOHaAbHa pa3H0CTH KoatJmuHeHTa h 
riosTOMy MaTepHaabi cBapHBaeMux nxacTHH cae- 
AyeT CTpeMHTbca BbiónpaTb c bo3moxcho óoxee 




4>nr. XII,20. TenaoBan 
GHCTeMa c TeMnepaTypHOH 

KOMneticanHeft juih ycipa- 
HeuHa bjihhhhh OKpy- 
iKaiomefi TeMnepaiypu Ha 
ee paóoxy. 


®nr. XII,19. Cnoco6u 
HarpeBa ĎHMeTajiJiHHe- 
CKoro aaeMenra. 

a — HenocpeACTBeHHbifi; 

6 — KOCBeHHWň; 

6 — KOMCHHnpOBaHHbIŮ. 


pa3HHniHMHCH 3HaHeHHHMH 3THX KOS^HUHeHTOB. 

/I^h npHMepa mojkho ynasaTb, hto K03(|)HUHeHT 
a cocTaBAHeT a-kh ^aTyHH 0,0185, a a^ih craxH 
0,0117 (MaTepna^H o6uhho coqeTaeMbie b Tep- 
MHnecKHX peJie THna TT-20 X9M3). 

rioAyqaiouíHecH npn HarpeBaHHH 3 HaHHTe^bHbie 
H 3 rn 6 bi a asiot B03M0»CH0CTb ocymecTBxeHHH ch- 
CTeM CO 3HaqHTe^bHbIM XOAOM KOHT3KTOB. 

HarpeB ÓHMeTaA^iHqecKoro a^eMeHTa MoaceT 
6 uTb (4>nr. XII,19) HenocpeACTBeHHbiň — nyTeM 
nponycKaHHH no HeMy TOKa, KOCBeHHbiň — c no- 
m om,bio cneuHa^ibHbix BcnoMoraTeAbHux HarpeBa- 
TeíIbHUX yCTpOňCTB H KOMÓHHHpOBaHHblň. - 

HHorAa, HanpHMep, Ha co6ctb6hhom pacxoAe 
3LieKTpHnecKHx CTaHUfift 3autHTa ycTaHaBjíHBaeTCH 
He y ABHraTejieň, KOTopbie xpoMe toto MoryT 
OX^iaiKAaTbCH Hapy*HbIM B03AVXOM. 

TorAa oOecneueHHe OAHHaicOBbix yc^OBuň ox- 
jiaiKAeHHH ABHraTejia h pe^ie He npeACTaBjíaeTCH 

B03M0»£HbIM. 3aBHCHMOCTb BpeMeHH CpaÓaTblBBHHH 
pejie ot- TeMnepaTypbi oKpy>Kaiomero ero B03Ayxa 
CT3HOBHTCH yJKe He AOCTOHHCTBOM, a HeAOCT3T- 
KOM 3amHTH. B 3THX CLiyqaHX MOryT ĎHTb npH- 
MeHeHbí TeDMHqecKHe pene c TeMnepaTypHoft kom- 

371 


24* 



neHcauHeft, KOTopaa AOAHCHa ycTpaHHTb BAHHHne 
Ha pafiory peae TeMnepaTypbi OKpyacaiouxefl cpeAbi. 

Bo3MoacHoe npHHUHnHaAbHoe BbinoAHeHHe ch- 
ct6mh c TeMnepaTypHoá KOMneHCanneft npHBeae- 
ho Ha XII, 20. 

CncTeMa HMeeT cneuHaAbHbiň KOMneHcaTOp / 
b BHae aonojiHHTe^ibHoň ÓHMeTa^HHecKoft n^iac- 
THHbl, He HaXOflHIUHŘCH nOA, BAHHHHeM TOKa. 

n^acTHHKH, OCHOBH3H h AonoAHHTeAbHaa, yxpen- 
AeHH Taic, hto, AeňcTBya Ha CHCTeMy b pa3Hbie 
CTopoHbí, oóecneHHBaioT npn H3MeHeHHH OKpy- 
acaiomeň TeMnepaTypbi nocToaHHoe paccToamie 
JMeaC^y KOHT3KT3MH 2. 


jiecoo6pa3HbiM, Tax Kan OHa óyaeT OTKa3biBaTb 
B aefiCTBHH np« OÓpblBe Toň 4> a3H i Ka KOTOpoS 
ycTaHOB^ieHa. 

B cxeMe ycTaHOBAeHH a,Ba aBTOTpaHc4)opMa- 
Topa TOKa, no OAHOMy Ha KaatAbiň TepMHaecKHň 
a^ieMeHT. Ohh HeoóxoAHMbi Aaa noBbmieHHa 
BTOpHHHOrO TOKa TpaHQtjjOpMaTOpOB TOKa AO 
HOMHHaabHoro TOKa peae TT-20, cocTaBAaiomero 
20 A. 

ABTOTpanc<i)opMaTopbi THnoB By-21 h By*22 

X3M3 MoryT noBbímaTb tok c 2 A. TaKHM 

0Ópa30M npH BTOpHHHOM HOMHHaAbHOM TOKe 
3amHmaeMoro ABHraTeAa MeHbmeM 2 A (sioaceT 



Ha 4>Hr.XII,21 npHBeAeHa npHHiwnHaAbHaa 

CXeMa TepMHHeCKOŘ 3aiHHTbI BblCOKOBOAbTHOTO 
ABHraTeAa HanpaaceHHeM 2 —6 kV. 

3auiHTa Bbino^iHeHa nocpeACTBOM AByx<f>a3HO- 
ro TepMHHCCKoro peae 3 THna TT-20 X3M3. 

Uejiecoo6pa3HOCTb BbinoAHeHHa 3amHTbi ot 
CBepxTOKOB nocpe^CTBOM oahoto AByx(|>a3Horo 
HAíř AByx peAe, BKJHoneHHbix no cxeMe HenoAHOň 
3Be3AM, B OTAHHHe OT 3aiHHTbI npH KOpOTKOM 
3aMbiKaHHii, BbinoAHeHHOň nacTO oAHOCHCTeMHOň, 
onpeAeAaeTCa TeM, hto OHa Mo»eT TaKace Aeň- 
CTBOB3Tb npH OňpbIBe OAHOft H3 4> a3 - npH Bbl- 

noAHeHHH 3amHTbi OAHOCHCTeMHOň, no cxeMe c 
BKjnoneHHeM oahoto pe^ie Ha pa3HOCTb tokob 
abyx 4> a3 > OHa HMeeT 6oAbraoe noHHaceHHe nyB- 
cTBHTeabHOCTH npH oópbiBe b 4>a3e, coAepacameft 
rpaHC$opMaTop TOKa h Booóme OTKa3UBaeT b 
paóoTe npn oěpbiBe b 4> a3e > He HMeiémeS TpaHC- 
<4>opMaTopa TOKa. OcywecTBAeHHe 3aujHTbr c oa- 
'hhm peae, BKAioqeHHbíM \ja AHHeňHbiň tok Ka- 
Kofl-AHĎo H3 4> a 3» TaKace MOHceT 0Ka3aTbCH Heue- 
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ÓbITb npH BblSope TpaHC«t»OpMaTOpOB TOKa C 
nOBbiraeHHblM K03(|)HU.HeHT0M Tp3HC(J)OpMaHHH, Ha- 
npHMep, H3 yCAOBHň HX AHHaMHHeCKOň yCTOflHH- 
bocth) npHMeHeHHe HopMaAbHoň cxeMbi HeB03- 

MOHCHO. 

JXji h npaBHAbHoro abSctbhh 3awHTbi TpaHC<|)op- 
MaTopbi TOKa aah Hee ueAecoo6pa3HO npOBepaTb 
Ha TOHHOCTb paÓOTbl nO 10 % KpHBblM KpaTHOCTeft 
(CM. TJl . II, § 12). 

Harpy3Ka, npHxoAHmaaca Ha TpaHc^opMaTop 
Tona, 6e3 yneTa conpoTHBAenHft coeAHHHTeAbHbix 
npoBOAOB, P^í 30VA. ConpoTHBAeHHe 9Toft Ha- 
rpy3KH b OMax npn btophhhom HOMHHaAbHOM TOKe 

ABHraTeAH Í H om COCTaBHT 8. npH HeĎOAb- 

l HOM 

DIHX Íhom OHa MOACeT OKa3aTbCH BeCbMa ÓOAbUIOft. 
npH HeOČXOAHMOCTH HTTH Ha noBbímeHHbie ouih 6- 
KH TpaHC(j)OpMaTOpOB TQKa HX CAeAyeT yHHTbIB3Tb 
npn peryAHpoBKe xapaKTepncTHKH pe.ie. 





CaeAyeT TaKace oTMeTHTb, hto conpoTHBAeHHe 
npoBOAOB, coeAHHHioui.HX pejie c aBTOTpaHc<J>op- 
MaTopaMH, a-kh oóecneqeHHH AOCTaToqHO ToqHoft 
paCoTbi nocvieAHHX He aoaacho npeBocxoAHTb 
— 0,02 Q. noaTOMy aBTOTpaHc<i>opMaTopbi cAeAyeT 
MOHTHpOBaTb no B03M0HCH0CTH ÓAHJKe K peAe H 

coeAHHHTb hx MeacAy co6oň HenocpeACTBeHHO, 
MHHya KaKHe-JIHĎO CĎOpKH. 

Ha <fmr. XII, 22 npHBeAeHa npHHQHiiHaAbHaa 
cxeua 3 auiHTH ABHraTeAH HanpaHceHHeM 500 V. 
Peae THna TT-20 BKAioqaiOTCH b 9tom cayqae 
HenocpeACTBeHHO b uenb 3amHmaeMoro ABHraTeAH, 
6e3 TpaHc4>opMaTopoB Toxa. 

B KaqecTae BbiKAioqaTeAH Ha ABHraTaTeAe ycTa- 
HOBJíeH MarHHTHbiň nycKaTe^ib 1, KOTopaň ynpaB- 
jiaeTca c noiuombio peAe 2 nocpeACTBOM pa3pbiBa 
uena ero KaTyuiKH HanpaaceHHa, Hopua^ibHO bkaio- 
qeHHoň Ha AHHeňHoe HanpaHceHHe. ,DUih 9Toro 
pe^e BbinOAHeHbl C pa3MbIKaiOHXHMH KOHT3K- 
TaMH. 

Hah BK^KjqeHHa h OTKAioqeHHH nycxaTejia 

B33M6H oóbiqHO npHMeHaeMbix KHOIIOK yCTaHOBJíeH 
pyÓHJIbHHK 3. 9tO AaeT B03M0JKH0CTb MaTHHT* 
HOMy nycKaTeviio npn BOCCTaHOBJíeHHH Hanpaaíe- 
HHH BKJUOqaTbCH aBTOM3THqCCKH, 6e3 B03Aeft- 

ctbhh co ctopohh oĎe/iyacHBaiomero nepcoHa^a. 
Taxoe ynpaBAeHHe nycKaTeAeM noBHmaeT 6ec- 
nepeĎoíiHOCTb paóoTbi ABaraTeJia, ho AonycrHMO 
TOJibKo b Tex cjiyqaax, Koraa B03M0H<eH ero 
caM03anycK nocae KpaTKOBpeMeHHoro h AAiiTeab- 
Horo nepepbiBa b nHTaHHH. 

3autHTa ABHraTe^a ot MHoro(f)a3Hbix 3aMbiKa- 
hhíí ocymecTBJíaeTca b paccMOTpeHaoň cxeMe 
nocpeACTBOM naaBKHX npeAOXpaHHTeAeň. 

Tok TporaHHH TepMHqecKofi 3amHTbi ycTaHaBAH- 
BaeTca no bo3mohchocth ójmace k BejmqHHe 
A^HTe^ibHO AonycTHMOro paóoqero TOKa ABHra- 
Tejia c yqeTOM MecTa ycraHOBKH peae h oxpy- 
HcaiomHX TCMnepaTypHux ycAOBHň. 

OieAyeT HMeTb b BHAy, hto peae TT-20 He 
HMeeT TeMnepaTypHofl KOMneHcau.Hn h nosTOMy 
ocymecTB^eHHe 3amHTbi c hhm, Kai< npaBmio, 
ue^iecoo6pa3Ho TOAbKO npH ycTaHOBKe ero b6ah3h 
3amHmaeMoro ABHraTeAH. 

XapaKTepncTHKa peae nyTeM H3MeHeHHa ero 
ycTaBOK noAČHpaeTca Tax, qTOóbi oHa 6biAa pac- 
nojioacena npn pa3jmqHbix peacHMax HecKOAbKO 
HH)Ke Ten^oBoň xapaKTepHCTHKH ABnraTejia, ho 
no B03M03KH0CTH ójnme k noc./ieAHeB. B paae 
CAyqaes noAyqHTb npn stom Bnojrae yAOBAeT- 
BopnTe^ibHbie pe3y^ibTaTbi He yAaeTca. 

OCHOBHHMH HeAOCTaTK3MH TepMHqeci<oň 3amH- 
th ABnraTejieS hbahiotch: 

1) oioacHocTb pery^npoBKH, ncnbiTaHHň h yxo- 
Aa b npouecce sKcnjioaTauHH ; 

2) HMeiomeeca b SoAbuiHHCTBe cayqaeB Heco- 
OTBeTCTBHe MCJKAy Ten^OBMMH xapaKTepHCTHKa- 
mh pe^e h ABHraTe^a; 

3) HeoAHHaKOBOCTb xapaKTepHCTHK y oTAe^b- 
Hbix 3 K 3 eMnjiapoB peAe; 


4) H3MeHeHne xapaKTepHCTHK b TeqeHHe oa- 
HOCHTeAbHo KpaTKoro cpona 3KcnjioaTau,iiH (A^a 
pejie TT-20). 

TepMHqecKaa 3aniHTa c BTopHqHMM pe^e npn- 
MeHaeTca noaTOMy npeHMymecTBeHHO aah 3amn- 
tu ot cBepxTOKOB ABHraTejiefl, b KOTopux no 
yCJIOBHHM HX paÓOTbl OTHOCHTejIbHO qaCTO MOryT 
B 03 HHKaTb tokh neperpy3KH hjih Apyrne bhah 
onacHbix A^ia oďmotok CBepxTOKOB. Ilpn stom 
3amnTbi c pejie TT-20 X3M3, HMeiomne oqeHb 

ĎO^bmyiO 33BHCHM0CTb BeAHqHHU TOKa TporaHHH 
ot TCMnepaTypu ox^a^Aaromero B03Ayxa (TeM- 
nepaTypHaa KOMneHcauna oTCyTCTByeT), Moryr 
HCn0JIb30BaTbCH TOJIbKO npH yCT3H0BKe HX B 
TeMnepaTypHHX yc^iOBHax, oAHHaKOBbix c ABHra- 
Te^ieM. 

B qacTHOCTH, Hcno^b30BaHne AaHHOfl 3amHTts 
A-íia ABHraTe^iefi coócTBeHHbix HyacA s^ieKTpHqe- 
ckhx craHHHft HBjíaeTca, Kax npaBH^o, Heuejieco- 
o6pa3HMM, TeM 6o^ee, hto paóora óo^buiHHCTBa 
hx xapaKTepH3yeTca AOCTaToqHo paBHOMepHoft 
3arpy3Koň, He Tpečyiomeň 3HaqHTe^bHoro hc- 
no^b30BaHna hx neperpy3oqHofl xapaKTepHCTHKH. 

TepMHqecKaa 3auiHTa He MOxceT Hcnojib3o- 
B3TbGH KaK OCHOBH3H 33HXHTa ABHTaTe^eň OT MHO- 

ro4>a3Hbix 3aMbiK3HHH, TaK KaK AeňCTByeT npn 

9TOM HeAOCTaTOqHO ĎbICTpO. 

OHa He MOHceT SbiTb Taxace Hcnojib30BaHa 
b KaqecTBe no^iaoneHHOň 3am,HTbi ot CBepxTOKOB 
AeMniJ)epHbix oďmotok chhxpohhhx ABHraTejieft, 
T3K KaK 9 th oómotkh HMeioT TenaoBbie xapaK¬ 
TepHCTHKH, OTJIHqHbie OT xapaKTepHCTHK OCHOB- 
HblX OĎMOTOK. 

7. TEPMHMECKHE PEAE THI1A TT-20 X9M3 
Peae ocHOBaHO Ha Ten^oBOM npHHitHne c 

HCn0JIb30B3HHeM ĎHMeTaajIHqeCKHX n^aCTHHOK 

(4)nr. XII, 23). 

Oho BbinycKaeTCH AByx(J)a3HUM a^ih tokob ot 
20 ao 200 A h OAHO(j)a3HbiM aah tokob ot 200 ao 
2 000 A. 

B peae bxoaht caeAyiomHe ocHOBHbie qacTu: 
ÓHMeTajiAHqecKHe nAacTHHKH /, HarpeBaTeAbHbie 
aaeMeHTbi 2, aaTyHHbie koaoakh 3, noABH5KHbie 
KOHTaKTbi 4 h HenOABHJKHbse 5, npyacHHa koh- 

TaKTHOfl CHCTeMbl 6, KHOnKa AAfl B03Bp3Ta KOH- 
T3KTOB 7 H yCTpoftCTBO RJlíi peryAHpOBaHHH TOKa 
TporaHHH 8 . 

HarpeBaTeAbHbifl gaeMeHT h SuMeTaAAHqe- 
CKaa nAacTHHKa coeAHHeHH MeacAy co6oň nocAe- 
AOBaTeAbHo h nHTaioTCH tokom, nponopijHOHaAb- 
HbiM Tony 3aui.HinaeMoro ABHraTejiH. 

HarpeB ĎHMeTaAAHqecKHX naacTHH ocymecT- 
BAHeTCH no KOMdHHHpOBaHHOň exeMe TOKOM B 
nAacTHHax h TenAOM AaTyHHbix koaoaok, BHyTpb 
KOTopux BCTaBAeHH HarpeBaTeAbHbie ajieMeHTbi. 

ripH A0CTH*eHHH onpeAe^eHHoS TeMnepaTy- 
pbi ĎHMeTaAAHqecKaa naacTHHa nporHĎaeTca h 
ocBodoacAaeT 3ameAKy noABHXKHoro KOHTaKTa 4, 
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KOTOpuft, noBopaqHBaacfa noA AeňCTBHeM npyxcn- 
Hbi 6 , saMMKaeT uenb oTKaioaeHHfl nepe3 HenoA- 

BHHCHblfi K0HT3KT 5 . 

Peae He HMeeT caM 0 B 03 BpaTa nocAe cpaoaTH- 

B3HHH. Řjlíl py^HOrO B03BpaT3 KOHT3KTOB B 

HexoaHoe no^oKeHHe b HHxcHeň qacTH peAe 
noctaBaeHa KHonna 7. Bo3BpaT MOaceT óuTb 
ocymecTB^eH aepe3 BpeMa 16 — 90 cen., 3aBHca- 
mee ot HarpeBa peAe. OTcyTCTBae caM0B03BpaTa 
npeacTaB/iHeT cepbe3Hbift aKcnAoaTauHOHHHíí 
HejnocTaTOK paccjiaTpHBaeMoň KOHCTpyKUHH. Pe- 
ry.iapOBKa TOKa TporaHHH npoH3BOAHTca nepe- 
MemeHaeM yKa3aTeAH 8 no uiKaAe. llpn stom 



noABHHcnaa KOHTaKTHaa CHCTeMa 4 nepeABHraeTca 
t 3 khm o 6 pa 30 M, hto H 3 MeHaeTca BeAHMHHa H 3 rn 6 a 
ĎHMeTa^/iHaecKoft njiacTHHKH 1 . npeAeAH pery- 
AHpOBKH COCTaBAHlOT 80 -í- 120% HOMHH3AbHOrO 
TOKa. 1 

XapaKTepnCTHKH pe-ne, npeACTaBAaiomHe 3a- 
BHCHMOCTb Bp6M6HH erO Cpa6aTbIBaHHH OT TOKa, 

A 3 hbi Ha 4>nr. XII, 24. ÍIpHBeAeHO ABe xapaKTe- 
Phcthkh: aah pejie 6e3 npeABapHTeAbHofl Harpy3- 
kh tokom h aah npeABapHTeAbHO HarpeToro 

HOMHHaAbHHM TOKOM. CpaBHeHHe BTHX KpHBUX 

noKa 3 biBaeT,’ hto npeABapnTeAbHaa Harpy3Ka CHJib- 
ho BAHaeT Ha paĎOTy peAe. 

3aBHCHMOCTb TOKa TporaHHa peAe ot OKpyacaio- 
mefi TeMnepaTypw npeACTaBAeHa Ha (}>Hr. XII, 25. 
OrcyTCTBHe TeMnepaTypHOft KOMneHcanHH h hh3- 
Kaa paSoaaa TeMnepaTypa ÓHMeTaAAHaecKoň nAa- 
CTHHKH (paBHa npHMepHO 90°) OÓyCAOBAHBaiOT CHAb- 
Hyio 33BHCHMocTb i p .m ot TeMnepaTypa OKpyataio- 
mero B03Ayxa. 

H3 Bcex BbinycKa buihxch X3M3 TepMHaecKHx 
peAe THn TT-20 HMeeT xapaKTepHCTHKH, Haa6oAee 
noAXOAHHiHe aah 3auiHTbi ABHraTeAeů. Oah3ko 


k oSniHM HeAOCT 3 TK 3 M TepMHqecKHX peAe B HeM 
npHĎaBAaioTCH eme: OTcyTCTBne caM 0 B 03 BpaTa 
rpoM 03 AKaa KOHCTpyKHna. KpoMe Toro Ha paĎOTy 
peae oKa 3 HBaeT čoAbuioe BAHHHHe TeMnepaTypa 
oxAaHCAaiomeň cpeAM. 

no 3 thm npHHHHaM npHMeHeHHa 9 thx peAe 
Ha npaKTHKe CTpeMHTCa no bo 3 mohchocth H 36 eraTb. 

Hx yCTaHaBAHBaiOT TAaBHblM 06 pa 30 M AAH 
3 aiu,HT ABnraTeAefi c AocraTOHHO CHAbHO h ot- 
HOCHTeAbHO nacTO MeHatomeňca Harpy 3 Koň npH 
ycAOBHH, a to 3 auiHTa pa 3 MemaeTca phaom c 
ABHraTeAeM hah no Kpa&Heň Mepe b tom xte 

npOH 3 BOACTBeHHOM ndMeiňeHHH. 

8. 3A1UHTA HBHrATEJIEň OT CBEPXTOKOB 
nOCPEACTBOM MAKCHMAJIbHbIX TOKOBblX PEJIE 
C OrPAHHMEHHO-3ABHCHMbIMH XAPAKTEPHCTHKA- 

MH 

npH HCn 0 Ab 30 B 3 HHH MaKCHM 3 AbHOň TOKOBOft 

33 iu,htm b KaaecTBe 3 amHTbi ABHraTeAeft ot 
neperpy 30 K ee xapaKTepHCTHKy BHAepxcKH Bpe* 
MeHH, T 3 K Hce KaK H AAH paCCMOTpeHHOft BblUie 
TepMHaecKoň 3 anxHTbi, b HeKOTopux CAyaaax 
5 KeA 3 TeAbHO noAoópaTb no bo 3 moxchocth cosna- 
Aaronxefl (c HexoTopbiM KOd^HitneHTOM sanaca) c 
TenAOBoft xapaKTepHCTHKofi ABHraTeAa. 

C Apyrofi cTopoHM, xapaKTepHCTHKa peAe 

AOAJKH 3 ÓbITb BblÓpaHa T 3 KHM 06 pa 30 M, HTOĎbl 

oho He AefiCTBOBaAO hh npn HopMaAbHOM nycKe 
aamHuiaeMoro ABHraTeAa, hh b cAyaae ero pa 3 - 
BopoTa npn BoccTaHOBAeHHH HanpaxceHHa, Hanpn- 
Mep, nOCAe KOpOTKOrO 33 MblK 3 HHH B CHCTeMe. 

Áa a aToro BUAepacKa BpeMeHH 33 ihhtm npn 
TOKe, paBHOM nycKOBOMy, aoahch 3 6 uTb 
čoAbrne AAHTeAbHocTH pa 36 era ABHraTeAa c 

MeX 3 HH 3 MOM B HaHÓOAee THHCeAHX 3 KCnA 03 T 3 UH 0 H" 
Hbix ycAOBHHx (HanpHMep, npn noHnaceHHOM Han- 
paxceHHH Ha ero 3 aacHMax, KOTOpoe MoweT cy- 
mecTBOBaTb npn BoccTaHOBAeHHH. HanpaxteHHa b 
CHCT eMe). 

BpeHn pa36era flBHraTejiefl. yBe.inqeHHe qacaa 060 - 
Potob ABHraTeaa npa nOAaae HanpaaceHHfl Ha ero 3axcHMU 
hah BOCCTaHOBaeHHH HanpsnKeHHH npoHcxoAHT noA aoBctbh- 
eu TaK Ha3biBaeMoro AHHaMHqecKoro MOMeHTa Mg, paBHoro 
pa3HOCTH Bpamaiomero MOMeHTa M h MOMeHTa conpoTHBae- 
HH3 M c , onpeAeaaeMoro iiphboahmum b ABHaceHHe HexaHH3 > 
mom: 

M d — M — M C ' (XII,46) 

yBeaHqeHHe nncaa ofiopoTos npoHCxoAHT ao Tex nop, 
noxa AHHaMHqecKiiň MOMeHT He CAeaaeTCH paBHUM nyaio h 
ABH raTejib ne nepeftaeT b yCTaHOBHBtuHHca peacHii paóoTU. 

ilHHaMHqecKHft momcht CBaaaH c momchtom HnepitHH J 
Bcero arperaxa (ABHraTeab BMecTe c npHBOAHuuu hh b 
ABHH ceHHe MexaHH3MOM) h yraoBoň cKopocTbio BpameHHH o) 
cooTHomeHHeM 

Mg (XII,47) 

MoMeHT HHepUHH 

G £> 2 

7 = (XII, 48) 
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rae G — eec BpamaiomHxcH qacTen; 'D a — anaMeip HHep- 
uhh h g- = 9,81 m/sec 2 (ycKOpeHHe chjiu thhcccth). 

06o3!!aqafl oTHocHTeatHyio BejiHHHHy AHHaMHHecKoro 

MOMeHTa, paBHyio , nepe3 ma h npHHHMan bo BHHMa- 

Mhom 

HHe, hto u> =?JLÍL, a —— sr —?—. = 1 — s, nojiyqaeM 

60 IIhom tlcUK 

cae/iyiomyio 4)opMy cooTnouieHHH (XII, 47): 

2 

mo = GD a n caH d (1 s) _ 

4*9,81*60 * M hom dt 
2 

^_ GD a n CUH ds (XII, 49) 

375 M hom # dt * 

OT CKOJIbHCeHHH 


(XII, 50) 


Kos^jHUHeHT, ctohiuhh nepea 3H3Kom HHTerpajia, hocht 
H 33BaHHe nocTOHHHOíi BpeMeHH ;pa36era hjih Bbičera arpe¬ 
raTa: 

2 

T a = P^ a . HcaH - . ÍXII, 51) 

37o M hom 

4>H3HqecKHH CMbica ero mohcho onpeaejiHTb, paccMOTpeB, 
H anpHMep, pa3BopoT flBHraTejin ot coctohhhh noKon ao ho- 
MHHaabHoro nncjia oóopOTOB noa ^encTBHeM nocTOHH* 
Horo no BejiHHHHe Bpamaiomero MOMeHTa, npn MOMeHTe 
conpOTHBaeHHH, paBHOM nyjiio. 

B 9tom caynae coraacHO (XII, 46) 

rnd = M Ha*~ Q . = 1 ; s' = l;s"x 0 . 

M HO m 

0 

riosTOMy t = — T a f ds = — T a (0—1) = T a , 

i 

TaKHM oópa30M BejinqHHa T a nncjieHHO paBHa BpeMeHH* 
b TeneHHe KOTOporo ABHraiejib c npHBOflHMbiM hm b kbh- 
xceHHe MexaiiH3MOM noa jiencTBHeM nocTOHHHoro Bpamaio- 
mero MOMeHTa, paBHoro KOMHuajibHOMy, AOCTnrHeT HopMaab- 
Horo qHCJia oóopOTOB. 

Paccync^aa aHajiorHHHbíM o6pa30M, mohcho noKa3aib, 
mto T a paBHo Taioxe BpeMeHH, b TeneHne KOToporo flBHra- 
TeJIb, HarpyiKeHHblfí ÍIOCTOHHHblM MOMeHTOM COnpOTHBJíeHHH, 
He 3aBHC5IinHM OT HHCJia OĎOpOTOB H paBHbíM HOMHHaJIbHOMy 
MOMeHTy, 0CT3H0BHTCH npH oTKJiioqeHHH ero OT CeTH. 

AA 

IlMeH xapaKTepHCTHKH Bpamaiomero MOMeHTa m = —-— 

M H om 

npH pa3jiHqHbix HanpnHíeHHHx Ha 3aHCHMax CTaTOpHoň oómot- 
KH H MOMeHTOB COnpOTHBJíeHHH m c = - ^ C - B (jiyHKUHH OT 

M H om 

CKOJIbHCeHHH ABHraTeJIH S 9 MÓ^KHO JI JIH KaHCflOrO 3HaqeHHH s 
onpeaejiHTb AHHaMHnecKHH momcht ma = m — m c h peiHHTb 
ypaBHeHHe (XII, 50) rpatJmqecKH. 

Ha <}>Hr. XII, 26 b KanecTBe npHMepa npHBeaeHbí no- 
•CTpoeHHbie yKa3aHHbiM oópa30M KpHBbie pa36era arperaTa, co- 
CToamero H3 acHHXpOHHoro flBHraTean h \iexaHH 3 Ma c BeHTH- 
jiHTOpHOH xapaKTepHCTHKOH npoTHBoflencTByiomero MOMeHTa 
w ť = 0,15 + 8o (1—^i) 2 npn pa3jmqHbix 3HaneHHX kos^huh- 

eHTa k\jb (cm. ypaBHeHHe XII,32) [JI. 6]. 

BbipaxceHHe ajih onpeaejieHHH BpeMeHH pa3Óera arperaTa 
mohcho TaKHce noJiynHTb qepe3 cpe^HHe, nocTO«HHbie 3a 
paccMaTpHBaeMbin npOMencyTOK BpeMeHH, 3HaneHHH epama- 
jomero h npoTHBoaefiCTByiomero momchtob ($Hr. XII, 27). 
Toraa ma = mcp—m c ^p=const h BpeMH pa3Óera, HanpHMep, ot 
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OTKy.ua HHTepecyiomee Hac BpeMH pa 3 Óera 
s' flO CKOJIbHCeHHH S r/ 

^ .. _ GDu ftcuH ( ds 

37O M HO u J ma * 


33TOpMOHCeHHOrO coctohhhh (s ř = 1) HopMajibHoro qHCJia 
OĎOpOTOB ( S hom ^ 0) Ha OCHOBaHHH (XII, 50) H (X 11,51): 


in 


T 

* a, _ 

ftlcp - ttlc cp 


(XII, 52) 


TaK KaK BpamaiomHH momcht nponopuHcnaaeH KBa^paTy 
HanpHHceHHH U\ Ha 3a)KHMax CTaTOpa, BpeMH nojiHoro pa3óera 
H3 3aTOpMO)K€HHOrO COCTOHHHH Ha OCHOBaHHH (XII, 52) HMeeT 
cae^yiomHfi, yAOÓHwii ajih pacneTOB, bha: 


4 



(XH. 53) 


Bbi6op napaMeTpoB MaKCHMajibHofl tokoboH 
3aiUHTbi. Tok TporaHHH 3amHTM BUĎHpaeTCH no 
MaKCHMajibHOMy ^HTejibHo-AonycTHMOMy pa6one- 



4 »Hr. XII,26. XapaKTepHCTHKH pa 36 era ABiiraTeasi c BtHTii.isi- 
TopHoíi xapaKTepHCTHKOH npoTHBOfleflcTByiomero MOMema 
m c — 0,15 + 0,85(1 — Sj ) 2 npn s' K = 0,1 = const. 


My TOKy ABnraTe^H hon c yneTOM KosťJiHiiHeHTa 
HaneacHOCTH k K vi Koa^HuneHTa BosBpaTa tokobo- 
ro pejie k 8 . 

Ilpn BKJiro^eHHH pe^ie, ican h 3amaTbi 
OT MHOrO(|)a3HbIX 3 aMbIKaHHĚ Ha pa3HOCTb JI EHeft- 
hhx tokob, no^iynaeM 

/Tfe- ^ . (XII, 54) 

XapaKTepucTHKa Bbi^epacKH BpeMeHH aoji>KHa 
6biTb TaKoň, HTOĎbi npn TOi<e, paBHOM nycKOBO- 
My, BpeMH neňcTBHH samHTbi 6bi^o čo^iee a^ih- 
Te^bHOciH nycKe t n , onpene^ieHHoro no Bbipa- 
HCeHHHM (XII, 50 ) H (XII, 53 ) (HJia aCHHXpOHHUX HBH- 
raTeaeň t n oňbíHHO He npesocxouHT 10 -:-l 5 ceK.) 
h Ha BejiHHHHy, onpeaejiaeMyK) KOB^HuneH- 
tom HanencHOCTH, MeHbrne BpeMeHH, HeofixoAH- 
moto no TenaoBoň xapaKTepHCTHKe, Bbipa>Kae- 
Moň ypaBHeHHeM (XII, 22). 

XapaKTepHCTHKH BHflepjKeK BpeMeHH M3KCH* 
Ma^bHux tokobux pe^e eme b MeHbuiefi Mepe, 



«ieM xapaKTepncTHKH TepMnqecKHx peAe, cooTBeT- 

CTByioT TenjioBUM xapaKTepHCTHKaM ABHraTeAefi. 

npH 9T0M OHH OÓblHHO HM6I0T HeAOCTaTOHHbie 
BpeueHa npH OTHOCHTeAbHO HeóoAbniHx CBepxTO- 
Kax, He AaBaa TeM cbmum bo3mohchocth ncnoAb- 
30B3tí» b 9 thx CAyqanx neperpy30HHbie bo3moac- 
hocth ABHraTeAefi. 

ToKOBue peAe He yqHTbiBaioT Taxate npn 
CBoeM AeflcTBHH BeaHHHHH npeABapHTeAbHoň 3 a- 
rpy 3 KH ABHraTeAefi h TeMnepaTypw oKpyacaio- 
mefl hx cpeau. 

npeHMymecTBaMH tokobmx peAe, no cpaBHe- 
HHK) C TepMHneCKHMH, HBAHIOTCH: 

1) ynppmeHne noAĎopa xapaKTepncTHK h 
9KcnAoaTauHH; 

2) ynpomeHHe, b HeKOTopux CAyqaax cxeM 
3amHTH 3 a cneT HcnoAb30BaHna MaKCHMaAbHbix 
tokobmx pejie c orpaHHqeHHo*3aBHCHMoň xapaK¬ 
TepHCTHKoň h OTceqKofi KaK aah 3amHTbi ABnra- 
TeAeň OT CBepXTOKOB, T3K H BHyTpeHHHX MHOrO- 

4 >a 3 Hux 3 aMUKaHHa (<J)Hr. XII, 16). 

CaeAyeT Taxíce HMeTb b BHAy, hto MaxcHMajib- 
Haa TOKOBaa 3aoiHTa ot CBepxTOKOB, HMeiomaa 
OTHOCHTeAbHO HeĎOAbmoň TOK cpaSaTHBaHHa, 
MoaceT HcnoAb30BaTbca b KaaecTBe pe3epBHofi 
k MrHOBeHHOAeňcTByiomefi, ho rpyčofi 3amnTe 
ABHraTeAefi ot MHoro<|)a3Hbix 3aMbJxaHHfi, 3amn- 
maiomeň B 6oAbuiHHCTBe cAyqaeB TOAbKo bmboam 
CT aTopHoň oďmotkh h HeóoAbmyio aacTb ee 

BHTKOB. 

X9M3 BbinycKaeT aah paccMaTpHBaeMOfi 
KOMĎHHHpoBaHHoň 3a inu tm cneiiHaAbHyio pa3HO- 
BHAHOCTb peAe THna MT-80 c noBbmieHHbíMH bh- 
AepacKaMH BpeMeHH noA HOMepoM HT-82 (cm. ta. 

II, § 9). 

CnHxpoHHbie ABHraTean HMeioT b paAe CAyqaeB 
ĎOJibinne, qeM acHHXpoHHbie, BpeueHa nycxa t„, 
npn KOTopux Hcnoab30BaHne cymecTByiomHx 
peAe c orpaHHaeHHo-3aBHCHMbiMn xapaKTepucTH- 
K3MH OKa3bIBaeTCH 3aTpyAHHTeAbHblM HAH HeB03- 
MOACHblM. 

B t 3 khx CAyqaax moíkho, HcnoAb3ya, HanpH- 
Mep, ycTaHOBJíeHHyio Ha ABHraTeAe aBTOMaTHKy 
nycKa, OTKAioqaTb MaKCHMaAbHyio TOKOByio 3a- 
fflHTy C 33BHCHM0ň XapaKTepHCTHKoň Ha BpeMH 
nycxa. BuAepacKH BpeMeHH 33ihhtm MoryT ĎHTb 
npH 9TOM COOTBeTCTBeHHO CHHJKeHH. 

PaccMOTpeHHaa MaxcHMaAbHan TOKOBaa 3a- 
uiHTa c orpaHHaeHHO- 3 aBHCHMoň xapaKTepHCTHKoň 
BHnoAHaeTca nocpeACTBOM HHAyKUHOHHbix peAe. 
3th peAe pearnpyiOT Taxace Ha nyAbcnpyiomHe 
tokh, B03HHKaK)mHe B uenH CTaTopa BunaBuiero 
H3 CHHXpOHH3M3 CHHXpOHHOrO ABHraTeJia. ÍIOSTOMy 
MaxcHMa^bHaa TOKOBaa 3am,HTa MoaceT čbiTb hc- 
noAb30Ba.Ha TaK*e b xaqecTBe 3amHTbi sthx 
ABHraTeAefi ot BbinaAeHHa hx h3 CHHxpo»H3Ma. 
Oah3ko AeňCTBOBaTb b 9 tom CAyqae OHa 6yAeT 
AOCTaTOHHO MeAJieHHO, OCTaBAHH BbinaBHIHň H3 
CHHXp0HH3M3 ABHFaTCAb B TeqeHHe HeKOTOpOTO 
BpeMeHH 6e3 HaAOĎHOCTH BKAKWeHHMM. 


9. 3AIUHTA MHHHMAAbHOrO HAIlPfliKEHHfl 

Ha3HaqeHHe 3amHTw. 3amHTa MHHHMaAbHoro 
HanpaaceHHH, ycTaHaBAHBaeMaa b HeKOTopbix cay- 
aaax Ha acHHxpoHHwx h chhxpohhhx ABnraTeaax, 
MoaceT HMeTb pa3Hoe Ha3HaqeHHe. 

1. FIpeAOTBpameHHe neperpeBa, 

aCHHXpOHHMX ABKraTe^efl C (j) a 3 H bl M 
pOTopoM b CAyqae, KorAa npoTHBOAeft- 
cTByiomHň MOMeHT npn nycxe čo^bme 
nycxoBoro MOMeHTa ABHraTeAa. Arpe- 
raTbj paccMaTpnBaeMoro THna hmciot oóuqHO no- 
CToaHHbiň npoTHBOAeflCTByiOHiHň MOMeHT, He 3 a- 
BHcamHň ot KOAHqecTBa očopoTOB. K hx qncay 
Ha SAeKTpHqecxHx ct3hu.hhx othochtch .b qaCT- 
hocth MejibHHHbí, ApočHAKH, TpaHcnoptepu. 



4>Hr. XII.27. CpeflHHe 3naqeHiia momchtob m^, m h m c ss 
BpeMH pa3Ďera ftBiiraTeasi. 

npH noHHHceHHH HanpaaceHHH b cncTeMe, 

BbI3B3HH0M, HanpHMep, KOpOTKHM 3aMbIKaHHeM, 
ABHraTeAH c MexaHH3M3MH yKa3aHHoro THna 6 uct- 

po yBejmqHBaioT cKOAbaceHHe. 

npn BotCTaHOBJíeHHH HanpaMceHHH noc^e ot- 

KJHOqeHHH KOpOTKOTO 33MbIKaHHH ABHraTe^IH CMOryT 

caMH pa3BepHyTbca ao HopMaAbHoro qncjia 060 - 
Potob TOAbKO b tom c^yqae, ec^H ohh ycne^ii 
yBejiHqHTb CBOe CKOAb)KeHHe He 6 o.aee qeM ao 
npeAeAbHoro s„ p , cooTBeTCTByiomero BeAHHHHe 
BoccTaHaBAHBaiomerocH HanpsiaceHHH (<pHr. XII,5). 

npH CHAbHbIX nOHHJKeHHHX HanpHACeHHH 9T0 
MOHíeT óbiTb b Tex CAyqaax, KorAa KopoTKoe 3aMbi- 
KaHHe AHKBHAHpyeTCH b TeqeHHe BpeMeHH, He npe- 
BOCXOA«Hiero HecKOAbKHX AecHTbix ao Aeň cexyH- 
AH. ripn ÓOAee AAHTeAbHbIX KOpOTKHX 3aMbIKaHHHX 
ABHraTeAH ycneBaroT yMeHbuiHTb hhcao oóopoTOB 
HaCTOAbKO, HTO npH BOCCTaHOBAeHHH HanpH5KeHH8 
C3 mh 6e3 BBeAfiHnH nycKOBoro peocTaTa pa3Bep- 
HyTbCH He MoryT H nOAHOCTbIO 3aTOpMaA£HBaK)TCa, 
B ABHraTeAHx noHBAHioTCH noBbímeHHbie to¬ 
kh, AOCTHraiomne npn noAHOM BOCCTaHOBAeHHH 
HanpaaceHHH 3HaqeHHH nycKOBoro TOKa npn bm- 
BeASHHOM peocTaTe b uenn poTopa. 

B a3hhom CAyqae SyaeT AeňCTBOBaTb m3kch* 
MaAbHaa tokob3h hah TepMHqecKaa 3auu,HTa. Oah3- 
ko npn 9 tom AonycxaACH 6 h neperpeB oďmotok 
ao 3HaqeHHň, npHÓAHAtaiomHxcH k npeAeAbHO-AO- 
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nyCTHMblM, H OHH B TeaeHHe AOCTaTO^HO AJIHTeAb- 

aoro BpeMeHH noABeprajiHCb 6u Heace^aTe/ibHuu 

AHHaMHBeCKHM B03ACňCTBHHM. 

rioaTOMy Ha arperaTax paccMaTpHBaeMoro 
Tiína HHor,aa ycTaHaBAHBaeTca cneuHaAbHaa 3 a- 
mHTa MHHHMa^bHoro HanpaateHHH, KOTOpaa AOAiKHa 
OTOioaaTb hx npa t3khx HanpaaceHHax h c TaKOň 
BU^epacKoři BpeMeHH, npa kotopmx ohh yace He 
MoryT pa3BepHyrbca b cjiyaae BoccTaHOBJíeHHH 
nanpaaceHHa. 

Rn a 9Toro HanpaaceHHe TporaHHa u p . m 3amHTu 
aoajkho 6uTb paBHo TOMy HanpaaceHHio, npn 
kotopom MaKCHMaAbHoe 3HaaeHHe Bpawaiomero 

MOMeHTa m max (s^Sk) CHHHCaeTCH A O BeAHaHHH 
MOMeHTa conpoTHBAeHHa m e — const h ABnraTeAb 
Aaaee paĎOTaTb He MoaceT (4wr. XII,5). 

npH MOMeHTe COnpOTHBAeHHH, paBHOM HO- 
MHaaAbHOMy m c =l, bto HanpaaceHHe c yaeTOM 
cooTHoraeHHa (XII,34): 


p. TTl 


««yT 


(XII,55) 


OTHOUieHHe M3KCHMaAbHOrO MOMeHTa K HO- 
MHHaAbHOMy b=s 2; oTHomeHHe nepBHHHoro Hanpa- 
aceHHH u H0M k n H paBHo BTopeqHOMy HanpaaceHHio 
U MM , ílOSTOMy Up. m =5= 0,7 ll H0M . 

Ěc jih 3amnTa MHHHMajibHoro HanpHxceHHH bh- 
nojiHHeTCH c BbiAepHCKOíi BpeMeHH, to ee Hanpn- 
menne TporaHHH aojihcho 6biTb TaioKe BhiSpaHo 
THKHM, HTOĎH pe^6 Ha^e^KHO B03BpamaJI0Cb B 
ncxoAHoe no^OHceHHe nocjie noHHHceHuft Hanpa- 
aceHHH b cHCTeMe, AJiamHxca MeHee BpeMeHH ee 
cpaĎaTbiBaHHH. JXjm stoto aojdkho óbiTb 


k^bssstQ^bocn = 0 ), np» kotopom ABHraTeJib T 0 pM 03 HTCH 
HaHÓojiee ówcTpo. 

BpeMH aocTHMceHHH hm npenejibHoro hjih KpKTHHecKoro 
CKOJibMceHHH onpenejiHeTCH b stom mscthom cayqae npH 
33 A 3 HHOH BeJinqHHe nocTOHHHOH BpeMeHH Bwóera T a , COOT- 
BeTCTBeHHO K aK S np -T a HJIH S„T a . 

npH HajIHHHH MHHHMaJIbHOro peJie HanpfliKeHHH C 3aBH- 
chmoh xapaKTepHCTHKou BbiaepacKH BpeMeHH (speMa new- 
ctbhh TeM MeHbiiie, qeM MeHbine HanpflHceHHe) 3Ty xapan- 
TepHCTHKy CJieAOBajio 6w noaÓHpaTb Taxon, *íto6h BpeMft 
AencTBHH pejie npH pa3JiH*iHbix HanpíHKeHHax 6 líjio paBHo 
BpeMeHH Bbióera ABHraTejiH no npeneJibHoro hjih KpHTHne- 
CKoro (ecnH no HeMy BeneTCH pacnei) CKOJibaceHHSi np» Tex 
Hce HanpHHceHHiix. 



"vff- (XII, 56) 

J\nn oĎecneqeHHH npaBHAbHoro AeňcTBHa 
samHTU 3 HaqeHHe u' p . m no (XII,56) aoahcho 6uTb 
6©Abine onpeAeAaeMoro cjjopMyAoň (XII, 55). 

Ecah u' p . m no (XII.56) 0Ka3biBaeTca MeHbuiHM 
a, CAeAOBaTeAbHO, pacňeTHbíM, 3amHTa CMoaceT 
OTKa3bIB3Tb B AeftCTBHH npH OCTaTOHHHX HanpH- 
xceHHHX. «, Aeacamnx b npeAeAax u' p . m < «< u p . m . 

BblAepHCKa BpeMeHH AOAHCH3 COOTBCTCTBO- 
saTb BpeMeHH Bu6era arperaTa ao npeAeAbHoro 

CKOAbSCeHHH S H p , OTHeCeHHOTO K MHHHMaAbHOfi 
BeAHHHHe BoccTaHaBAHBaromerocH HanpaHceHHH, 
oacHAaeMoro HopMaAbHO Ha 3a)KHMax ABHraTeAefl 
A3HHO& yCTaHOBKH. 

OAHaKO Ha npaKTHKe pacaeT qacTo BeAeTca 
C 3 anaCOM, HCXOAH H3 MeHbUieň BeAHHHHU CKOAb- 
aceHHa, paBHOfi KpHTHHeCKOMy s' K . 

fljia onpeaejieHHa BpeMeHH Bi.ioera Hcnojib3yioTCB bu- 
seAeHHwe Bwme BbipaweHHa (XII, 50), (XII, 51). 

Ha <lmr. XII, 28 b KaqecTBe npHMepa npHBeflenbi KpHBbie 
sbióera, »aa| íiBHraTejieň c m c = \, s'. = 0,15 a jih pa3JiHH- 
hmx 3HaqeHHfi K03(J)HUHeHTa kl-b [JI. 6], 

Ecah 3 am«Ta Buno-iHaerCH c He3aBHCHMofi xapaKTepH- 
caiKoft BUjiepacKH BpeMeHH, to BpeMfl ee AeflcTBha sojix- 
m fiutb onpeneJieHO, hcxoah H3 HaiiĎoJiee Taaceaoro cayqaa 


rioaoópaTb HeoóxoAHMyio xapaKTepHCTHKV J*aa saBHCH- 
mux peae cywecTByiomHx thiiob nnorna SbiBaeT saipyxHH- 
TejibHO h noTOMy qacTO ycianaBHHBaeTCH 3 amHia c He33BH- 
chmoB xapaKrepHCTHKoií BUAepxcKH BpeMeHH. 

BpeMH AeftCTBHa b 3aBHCHMOCTH ot s' npn 
pacaeTe no nocAeAHeMy aoahcho cocTaBAaTb 
— 0,15-^-0,4 cen. řípa pacaeTe no s„ p BpeMa 
noAyaaeTca HecKOAbKO óoAbniHM. 

Tpe 6 yeMoe BpeMa 0 Ka 3 biBaeTca Becbua HeSoAb- 
raHM. OAHaKO htth Ha BbinoAHeHHe aamHTbi 
MrHOBeHHOň ajih OTBeTCTBeHHux ABHraTeAeft He- 
AonycTHMO. HaAH^He Aaxce He 6 oAbuiofi BbiAepxcKH 
BpeMeHH npeAOTBpamaeT hx BbiBeAeHHe H 3 pa- 
óoTbi npH noBpeacAeHHH b CHCTeMe (HanpHMep, 
b Apyrnx ABHraTeAax toS ace yCTaHOBKH), ot- 
KAroaaeMbix ČHCTpoAcňCTByioniHMH 3 amHTaMn. 

2. ripeAOTBpameHHe nocjieacTBHň 
BbinaAeHHH chhxpohhhx ABHraTeAeS 
H 3 CHHXpOHH 3 M 3 . ťlpH AOCTaTOHHOfl BeAHaHHe 
H AJIHTeAbHOCTH nOHHHteHHH HanpHHCeHHH Ha 3 a- 
HCHM 3 X CHHXpOHHOrO ABHraTCAH OH BbinaAaeT H 3 
CHHXpOHH 3 M 3 . 

B OCHOBy 33 lUHTbI ABHTaTeAH OT nOCAeACTBHft 
ero BbinaAeHHa H3 CHHxpoHH3Ma ; MoaceT ÓHTb 
noAoaceHO, KaK h npn 3 aiu.HTe acHHxpoHHbix abh- 
raTeAeň ot nocAeACTBHň noHHaceHHa HanpaaceHHa, 
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ABa pa3JiHHHHx npHHunna: 1) peaxn,HH Ha yasce 
npoHcmeAuiee BwnaAeHHe H3 chhxpohh 3M3 (Ha* 
npnMep, paccMOTpeHHaa BHiue ToxoBan 3amHTa 
c 33BHCHMOň xapaxTepHCTHxofi); 2) peaKUHH Ha 
T3KHe nOHHHCeHHH HanpHHCeHHH, KOTOpue npH co- 
oTBetcTByiomeň AAHTeAbHocTH npHBOAHT k bh» 

na^eHKIO H3 CHHXpOHH3M3. 

PaccMaTpiiBaeMaa 3amHTa MHHHMaAbHoro Ha* 
npsmeHHH othochtch ko BTOpoft rpynne. 

HeAOCTaTKaMH 3amHTbi MHHHMaAbHoro Hanpa- 
KeHHa hbahkítch: 1) TpyAHOCTb noAĎopa Taxoň 
ee xapaKTepacTHKH, xoTopan AaBaAa ébi cpaóa- 
TbiBaHHe TOAbKo Ha aeňcTBHTeAbHo BunaaaiomeM 
H3 CHHxpoHH3Ma ABHraTeAe; 2) HecnocodHOCTb 
3amHTH pearapoBaTb Ha BbinaieHHe H3 chhxpo- 
HH3Ma, oóycAOBAeHHoe HapyuieHHHMH b nennx 
B036yHfleHHH; 3) B03M0HCH0CTb 6e3 CneHHaAbHWX 
ČJioKHpoBOK HenpaBHAbHoro AeftcTBHH npH Hapy- 
iueHHHx ueneň HanpnHceHHH. 

B nocAeAHee BpeMH 3amHTy MHHHMaAbHoro 

HanpHHCeHHH, OCOňeHHO Ha OTBeTCTBeHHUX ABH- 
raTeAHX, CTpeMHTCH He CTaBHTb. 

3. OSecneqeHHe ycAOBHfi aah 6hct- 
poro BOCCTaHOBJíeHHH HanpHHCeHHH B 
CHCTeMenoepeACTBOM otKjnoneHHS Mě¬ 
ně e OTBeTCTBfiHHOŽ H3CTH A B H T 3 T e- 
Jie0. npH KQpOTKHX 3aMbIX3HHflX B CHCTeMe, nH- 
Tatomefl ABHraTeAH, HanpHHceHne Ha hx 3ancHMax 
CHHMtaeTCH b npeAeAbHOM CAyqae ao HyAH. MncAa 
oóopoTOB acHHxpoHHbix ABHraTeAeft yMeHbiua- 
IOTCH. CHHXpOHHbte ABHraTeAH MOryT BbinaCTb H3 
CHHXpOHH3M3. X 

Flpa BoccTaHOBíieHHH HanpaaceHHH ABHraTeAH 
HaHHHaiOT nOTpeĎAflTb TOKH, B HBCKOAbKO pa3 

npeBumaiomHe HOMHHaAbHbie hx 3HaqeHHH. B nn- 
TaiomHX nennx B03HHKaK)T noaTOMy yBeAHqeHHue 
naAeHHH HanpHHCeHHH, 3aTpyAHHiomHe AOCTHHce- 
HH6 ABHraTeAHMH HODMaAbHOrO HHC/ia oSopOTOB 
hah ACAaiomae sto Boočine hcbosmoachum. 

noAVHaiomeecH HeHopMaAbHoe cocTOHHHe ch- 
cTeMH MOMceT npHBOAHTb k HeAonycTÓMOMy ne- 
perpeBy ABHraTeAeft, HapyraeHHio TexHOAorHHe- 
cKoro nponecca npeAnpHHTHft, rAe ohh yCT3HOB- 
AeHbí, hah Aaace HapymeHHio CTaTHHecxoft ycToft- 

HHBOCTH CHCTeMH B UCAOM. 

OTKAJoneHHe B paccMaTpHBaeMOM CAynae nacTH 
ABHraTeAeft yMeHbuiaeT naAeHne HanpnHceHHH b 
nuTaiomHX nennx h očAerqaeT ycAOBHH aah boc- 

CTSHOBAeHHH HOpMaAbHOft paČOTU HeOTKAfOHeHHOft 
nacTbio ABHraTeAeft. 

noaTOMy HHorAa óbiBaeT ueAecoo6pa3HO npn 
BOSHHKHOBeHHH b CHCTeiue noHHKeHHH HanpHHCe¬ 
HHH MeHee OTBeTCTBeHHyio qacTb ABHraTeAeft 
aBTOM3THHeCKH OTKAIOHaTb. 

3tO OÓblHHO OCyureCTBAHeTCH 3aiUHTOŘ MHHH- 
MaAbHoro HanpHHceHHH. Ee HanpnnceHHe Tpora- 
hhh Up. m BbičHpaeTca, xaK h aah npeAbmymero 
CAyqan, paBHbíM, HanpHMep, aah aCHHxpoHHMX 
ABHraTeAeft, ~ 0,7 u MM . OHa ocymecTBAneTCH b 
33BHCHMOCTH OT THH3 arperaTa MTHOBeHHOft HAH 


c BbiAepacKOň BpejteHH 0,25 — 0,5 ceK. BbiAepHcxa 
BpeMeHH ueAecoo6pa3Ha b phag CAynaeB aah npe- 
AOTBpameHHH OTXAioqeHHH.ABHraTeAeft npH xpaT- 
KOBpeMeHHblX HOHHHCeHHHX HanpHHCeHHH, BbI3B3H- 
HblX KOpOTKHMH 33Mb!KaHHHMH B CHCTCMe, OTKAIO* 
qaeMbiMH 6biCTpoAeftcTByx)inHMH 3amHT3MH noB- 
peJKAeHHUX 9AeMeHTOB. 

3amHTa MHHHMaAbHoro HanpnHceHHH b Hexo- 
Topax CAynaHx ycTaHaBAHBaeTCH TaKxce Ha abh- 
raTeAHX, caM03anycx xoTopbix HeAonycTHM no 
ycAOBHHM TexHOAorHqecxoro npouecca npoH3BOA- 
CTBa HAH TeXHHXe 6e30IiaCH0CTH (He03KHA3HHblft 
aah oócAyHCHBaxjmero nepcoHaAa 3anycx nocAe 
AAHTeAbHoro nepepbiBa nHTaHHH). 

CxeMbi ocymecTBAeHHH 3amHT acHHxpoHHbix 
ABHraTeAeft. B o6meM OAynae pa6oTa ABHraTeAH 
onpeAeAHeTCH pe3yAbTHpyx>mHM Bpamax)HiHM mo- 
MeHTOM M, paBHHM pa3H0CTH MOMeHTOB no- 
AO)KHTeAbHOft H M 9 OTpHUaTeAbHOft nOCAeAOBa- 
TeAbHOCTeň. 

Kax npaBHAO, ABHraTeAH topmoshtch HaHÓoaee 
CHAbHonpH CHMMeTpH4HUX nOHHHceHHHX HanpHAce- 
hhh, HanpHMep, b CAyqae Tpex4>a3Horo xopoTxoro 
3aMbIXaHHH. 

Oahuxo h npn HecHMMeTpHHHbix, HanpHMep, 
AByx4>a3Hb!X KOpOTKHX 33MbIKaHHHX ABHraTeAH 
MOryT CHAbHO CHHJKaTb HHCAO OÓOpOTOB 3a CHeT 
noHHHceHHH CAaraximeň noAojKHTeAbHOň nocAe- 
AOBaTeAbHOCTH HanpHHceHHň h noHBAeHHH yxa3aH- 
Horo BHrae MOMeHTa OTpimaTeAbHOft nocAeAOBa- 
TeAbHOCTH. 

noaTOMy cxeMH 3amHTU aoahchm 6biTb BbinoA* 
HeHbí TaxHM o6pa30M, hto6h ohh motah pearn- 
pOB3Tb Ha noHHHceHHH HanpHMCeHHH, BbT3B3HHbie 
xax CHMMeTpHHHblMH, Tax H HeCHMMeTpHHHHMH 
KOpOTKHMH 33MUKaHHHMH. 

npH npHMeHeHHH OAHO<j)a3Hbix peAe aah o6ec- 
neneHHH AeňCTBHH cxeMbi npn AByx4>a3HUX 3aMH- 
K3HHHX TpeÓyXJTCH TpH peAe HanpHKeHHH, BXA10- 
qeHHMX Ha TPH COOTBeTCTByXJUíHX AHHeftHUX Ha¬ 
npHHCeHHH. HcxAioneHHeM hbahkjtch TOAbxo 3a- 
mHTw, ycTaHaBAHBaeMbie, HanpHMep, aah npeA- 
OTBpameHHH caM03anycxa ABHraTeAeft nocAe aah- 
TeAbHOro oTcyTCTBHH HanpnHceHHH. Ohh aoahchu 
AeftCTBOBaTb npn Hcne3HOBeHHH HanpHHCeHHH h 
noaTOMy MOryT BKAKjqaTbCH, HanpHMep, na oaho 
H3 AHHeftHbIX HanpHHCeHHft. 

HeOÓXOAHMO, OAHaXO, OTMeTHTb, MTO B He- 
xoTopux cAyqaHX b neAax ynpomeHHH npHMeHHioT 
3auiHTBJ, pearHpyx)ui,He Ha oaho AHHeflHoe Hanpn- 
HceHne h npn Apyrnx Ha3HaqeHHHx 3anxHTu MH¬ 
HHMaAbHoro HanpnHceHHH. 3to b nepByio onepeAb 
OTHOCHTCH X ABHraTeAHM 500 V, XOTOpbie naCTO 
CHafímaiOTCH He MaCAHHUMH BblKAIOHaTeAHMH, a 
MarHHTHbíMH nycxaTeAHMH c OAHOft xaTynxxoň 
MHHHMaAbHoro HanpHHCeHHH. Ha HCnOAb30BaHHe 
T3XHX HenOAHOneHHMX CXeM HAyT, HMeH B BHAy, 
b qacTHOCTH, CAeAyx)niee: a) xax 3auiHTa ot CBepx- 
TOXOB CaMOrO ABHraTeAH OHH B TOft HAH HHOfi 
Mepe pe3epBHpyx)TCH TepMHnecxoft, toxoboS 3a- 
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1AHT3MH HAH nAHBKHMH npeAOXpaHHTeAHMHJ 6) K3K 
3amHTa, oS^ernaiomafl pa3BopoT čojiee OTBeTCT- 
bshhhx ABHraTejiefi nocAe OTKAioqeHHH KopoT- 
Koro 3aMUKaHHH npH h 3 ahhhh OAHoro peAe, OHH 
MoryT Bce xce paĎOTaTb npn Tpex<|>a3Hbix ko- 
pOTKHX 3aMbIK3HHHX. IlpH AByX$a3HbIX KOPOTKHX 
3aubiKaHnnx oHii MoryT OTKa3aTb. O^HaKO ecAH 
BcaeflCTBHe 6oAbuiHx nycKOBux tokob iiohh3htch 
B ce ^HHeňHbie HanpHxceHHH, ohh noAeňCTByioT h 
OTK/IJOM aT COOTBeTCTByiOmHe ABHraTeJIH. 

npHHUHiiHajjybHO HaHJiynmHMH H3 cymecTByio- 
ihhx 3amHT MHHHMa^bHoro HanpaaceHHH hbahiotch 
Te, KOTopbie HcnoAb3yioT Tpex<|)a3Hbie peAe 
HaHpaaceHHa c BpamaiomHM MOMeHTOM M ep — 

= sin (uabUbc), t. e. nponopuHOHaAb- 

hum nAomaAH TpeyroAbHHKa AHHeňHHx Hanpaace- 
hhS (cm. ta. IV, § 16) h 33BHCHMOň xapaKTepH- 
CTHKOŽt BblAepMCKH Bp6M6HH. 

HaHÓOAee TaxceAbíM a-hh pa6oTH ABHraTeAH 
abahctch MeTaAAHHecKoe Tpex<|)a3Hoe KopoTKoe 
saMbiKaHHe y 33 )khmob ABHraTeAH. BpamaromHň 
MOMeHT b 9tom cAyqae paBeH HyAio, h 3amHTa 
AeflcTByeT c MHHHMaAbHofl BbiAepxcKoft BpeMeHH. 

npH MeTajIJIHHeCKHX 33MblKaHHHX Me>KAy ABy- 
Ma <j)a33MH b to8 Ace TOHKe BpamaiomHň momcht 
ABHraTeAa onpeAeAaeTca pa3HocTbio momchtob 
noxoHCHTeAbHoá h OTpHuaTeAbHofl nocAeAOBa- 
TC^ibHOCTH M = M t — M 2 . Momcht M u nponop- 
UHOHaAbHbiň KBaApaTy HanpaMceHHaa^O.Sa^, co- 
CTaBAHeT —0,25 HOMHHaAbHoro; KpoMe Toro H3 
Hero BbíHHTaeTca M 2 . B pe3yAbTaTe M OKa3bi- 
BaeTca Becbaia HeĎOAbniHM h ĎucTpoTa topmo- 
aceHHH ABHraTeAa MOHíeT npHĎAHacaTbca k pac- 
CMOTpeHHOMy paHee CAyqaio Tpexc|)a3Horo 3aMbi- 
K3Hna. nAomaAb TpeyroAbHHKa AHHeňHbix Hanpa- 
HCeHHft npH AaHHOM AByX(J)a3HOM KOPOTKOM 3aMU- 
k3hhh paBHa HyAio h peAe AeScTByeT TaKxce c 
MHHHMaAbHOň BblAepHCKOÍl BpeMeHH. 

B CAyaae yAaAeHHbix kopotkhx 3aMbiKaHHň 
BpamaiomHň MOMeHT ABHraTeAa yBeAHHHBaeTCa; 
OAHOBpeMeHHO B03paCTaeT nAomaAb TpeyroAbHH¬ 
Ka HanpaaeHHň h cooTBeTCTBeHHO BHAepjKKa 
BpeMeHH 3aUIHTbI. 

PeAe npaBHAbHO pearnpyeT Taxace Ha AByx- 
4»a3Hbie KopoTKne 3aMbiKaHHa, npoHcxoAHWHe 3a 
TpaHC4)OpMaTOpaMH, HMeiOIHHMH C06AHHeHHe 06 - 
motok 3Be3Aa-TpeyroAbHHK. HanpnMep, npn Me- 
TaAAHMeCKOM AByx4>a3H0M KOpOTKOM 33MbIK3HHH 

3a t3khm TpaHC^opMaTopoM, npeHefiperaa naAe- 
HHeM b HeM HanpaHceHHH, nAomaAb TpeyroAbHHKa 
AHHeflHbix HanpaaceHHň paBHa HyAio c oóenx cto- 
poH TpaHC(J)opMaTopa (cm. ta. III, § 18) h peAe 
paĎoTaeT c HaHMeHbiueň BbiAepxcKofl BpeMeHH. 

npH HcnoAb30BaHHH OAHo<J)a3HHX peAe Hanpa- 
aceHHH, BKAxoaeHHHX Ha AHHeflHoe HanpHaceHHe, 
3amHTa, b ocočeHHocTH c 33BHCHMofl xapaKTe- 
pHCTHKoň BHAepxcKH BpeMeHH, pačoTaeT Hea^TKO 
npH AByx(})a3Hbix kopotkhx 3aMbiKaHHax 3a TpaHC- 
<|)opMaTopaMH c coeAHHeHHeM o6motok 3Be3Aa- 
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TpeyroAbHHK, TaK KaK k peAe iioaboahtch Ha- 
npaaceHHH, cooTBeTCTByiomHe <J>a3HbiM Ha noBpeac- 
AeHHoň CTopoHe h paBHbie noaTOMy 0,5 u pa 6. 

npHMeHeHHe 0AH0(j)a3Hbix peAe HanpaHceHHa, 
BKAíoaeHHbix Ha (J)a3Hbie HanpflaceHHH, HeAonycTH- 
mo. Tax KaK 3aniHTa 6yAeT, HaoóopoT, HeyAOB- 
AeTBOpHTeAbHO Afi^CTBOBaTb npH AByx4)33HblX 
KOpOTKHX 33MUK3HHHX B CHCTeMe TOTO HanpHHte- 

hhh, tas ycTaHOBAeH ABHraTeAb. 

TaKHM oďpa30M ajis oxBaTa B03M0HCHbix no- 
BpeacAeHHň, Ha KOTopbie aoaach3 pearapoBaTb 3a- 
mnTa, b oóuieM CAyqae noTpečoBaAacb 6u ycra- 
hobk3 mecTH oAHO(J)a3HHX peAe HanpaaceHHa 
B33MeH oAHoro Tpex(j)a3Horo paccMaTpHBaeMoň 
KOHCTpyKAHH. 

HeočxoAHMO, OAH3KO, OTMeTHTb, hto cymecT- 
Byiomne KOHCTpyK uhh Tpex(J)a3Hhix peAe b paAe 
CAyaaeB He yAOBAeTBopaioT npeAtaBAaeMbiM k 
hhm TpeĎOBaHHflM. TaK, fianpHMep, peAe THna 
HH-138 X3M3 HMeioT H3AHuiHe BHCOKoe aah He- 
KOTopbix arperaTOB MHHHMaAbHoe BpeMa Aeft- 
ctbhh (0,5 ceK.), hh3KhS Koa^muneHT B03BpaTa 
(0,75) h OTCyTCTBHe peryAHpoBKH HanpaaceHHa 
TporaHHa («p.m==0,7íí« OJÍ ), oSycAOBAHBaiomee B03- 
MOACHOCTb HenpaBHAbHOrO CpaÓaTblBaHHH 3amHTU 
npH BOCCTaHOBAeHHH HanpaaceHHa nocAe otkaio- 
aeHHa KopoTKoro 33MUKaHHa b CHCTeMe. 

riosTOMy b paAe CAyaaeB npHMeHaiOT Taxace 
cxeMU c TpeMH oAHo4>a3HbiMH peAe HanpímeHHH, 
BKAIOHeHHHMH Ha AHHeňHbie HanpflHteHHH. npH 
3TpM b ueAHx ynpomeHHH AonycKaeTCH, oneBHA- 
ho, HecoBepmeHHoe AeňcTBHe 3amhTbi npn 

AByx4)a3HHX 3aMbIK3HHHX 3a TpaHC()>OpMaTOpaMH, 

HMerouiHMH coeAHHeHne oómotok 3Be3Aa-Tpe- 
yroAbHHK. 

npH npHMeHeHHH 3amHT MHHHM3AbHOrO HanpH- 
HteHHH AAH OTBeTCTBeHHUX ABHraTeAeB npnxo- 
AHTCH yHHTUBaTb B03MOHCHOCTb HX HenpaBHAb- 

hoto cpaóaTbiBaHHH npH HapyuieHHsx b uensx 

H3MepHTeAbHUX TpaHC(J)OpMaTOpOB HanpHHCeHHH, 
HanpnMep', npH neperopaHHH npeAOxpaHHTeAeft. 

JXn h npeAOTBpameHHH HenpaBHAbHoro AeňCT- 
BHH 3amHTbI B yKa33HHbIX CAynaHX MoryT ČbITb 
HCnOAb30BaHbI 6AOKHPOBKH, HpHMeHHeMbie, HanpH- 
Mep.AAH AHCT3HUHOHHbIX 3aU|HT (CM. TA. IV, § 16). 
npHHHMaa, OAH3KO, BO BHHM3HHe OTHOCHTeAbHyK) 
npOCTOTy 3amHT MHHHMaJIbKOrO HanpHHCGHHH, 
qacTO npe^OTBpameHHe hx ^efiCTBHH npn Hapy- 
uieHHHx ueneň HanpnxceHHH ocyiixccTBjíBioT jiy6- 
jmpoBaHHeM pejie Hanpa>KeHHH, nnTaeMbix, Ha- 
npHMep, ot pa3Hbix TpaHC(})opMaTopoB Hanpn>Ke- 
hhh h HMeiomMx nooieAOBaTe^bHO aaBeAeHHyio 
nepe3 KOHTaKTbi uenb otkjho^ghhíi. 

3amHTy MHHHMaAbHorOHanpfl»eHHH coBepaieH- 
HO Heo6fl3aTe.7IbHO yCTaHaBJIHBaTb B OTAe^bHOCTH 

Ha Ka>KAOM ABHraTeJie. npH bo3mohchocth hc- 
n0Ab30BaHHH pHAa ABHraTeAeň 3amHT c oah- 
HaKOBbíMH napaMeTpaMH ( u p . m , t) oďhhho npHMe- 
hhiotch o6mHe pHAa ABHraiejieň cxeMbi, 

ycTaHaBAHBaeMbie Ha oďihhx HiHHax ujih c^opKax. 



Ha 4>nr. XII, 29 npHBeaeHa npHHHHnHaAbHaa 
cxeMa 3amHTH MHHHMaAbHoro HanpajKeHHa, hc- 
no^b3yeMOň aah OTKAioqeHHa npH noHHxceHHax 
HanpaJKeHHH HeoTBeTCTBenHbix flBHraTe^ieň, b u,e- 
ahx oĎAerqeHHH pá3BopoTa npn BoccTaHOBAeHHH 
HanpsraceHHa óOAee OTBeTCTBeHHbix ABHraTeAeň. 
3amHTa ocymecTB^eHa nocpeacTBOM OAHoro Tpex- 
<J>a3Horo peAe HanpaaceHHa c 33bhchmoř xapaK- 
TepHCTHKOft, pearnpyiomero Ha nAomaAb Tpe- 
yrojibHHKa AHHeňHbix HanpaaceHHfi. Baokhpobok, 
npeaoTBpawaioiixHX HenpaBHAbHoe aefiCTBHe 3 a- 
mHTbi np« HapymeHHHx ueneft HanpaaceHHa, He 
npeayCMOTpeHO. 

CxeMa MoaceT TaKace HcnoAb30BaTbca juia 3a- 

IHHTbl OT CBepXTOKOB npH BQCCTaHOBAeHHH Ha- 



<t>nr. XII,29. CxeMa 

3autHiu MHHHMaab- 
Horo HanpanceHHfl 
c Tpex$a3HbiM peae 
HanpflHceHHa, HMeio- 
LU.HM 3aBHCHMytO 
xapaKTepHCTHKy 
BuaepacKH Bpe* 
MeHH. 


npa 3 KeHHH MeHee OTBeTCTBeHHbix ABHraTeAeň c 
<f>a3HHM poTopoM, paĎoTaiomHX Ha MexaHH3MH c 
nOCTOHHHblM npOTHBOaeňCTByiOmHM MOMeHTOM, H 
noaTOMy He MorymHX pa3BepHyTbca nocAe aocth- 
jKeHHa CKO^baceHHH, npeBbiuiaiomero npeAeAbHoe. 

Ha ijwr. XII, 30 npnBeaeHa npeAHa3HaqeHHaa 
aah Tex ace ycAOBHfi paóoTH cxeMa c TpeMH oaho- 
<|)a3HbiMH MraoBeHHbíMH peAe HanpaaceHHa. 3amHTy 
aonycTHMO Buno^HHTb 6e3 BbiaepacKH BpeMeHH. 
OflHaKO a-k a npeAOTBpameHHa OTKAioqeHHH 6e3 
HaAOÓHOCTH ABHraTeAeň npn kopotkom 3aMUKa- 
HHH B CHCTeMe, OTKAK>qaeMb!X ÓblCTpOAeňCTByiO- 
ihhmh 3amHTaMH, očbiqHO cxeMa BunoAHaeTca c 
BbiaepHCKOň BpeMeHH 0,25-:-0,5 ceK., ocymecTBAae- 
Mofi, Kaa noKa3aHO Ha cxeMe, OTAeAbHHM peAe 
BpeMeHH. npH A^iHTeAbHOM chhthh HanpjnKeHHH 
UIHH, K KOTOpbIM npHCOeAHHeHbl H3MepHTeAbHbie 
TpaHC(J)opMaTopbi HanpaaceHHH, o6motk3 peAe 
BpeMeHH TaKJKe AAHTeAbHO HaXOAHTCH nOA TOKOM. 

nosTOMy b cxeMe aoahcho óbiTb npuMeHeHO pac- 
cHHTaHHoe Ha sto peAe BpeMeHH, HanpHMep, 
3B-184 X3M3 (cm. ta. II, § 7). Ilpn OTcyTCTBHH 
TaKHx peAe npHxoAHTca npHMeHHTb cneunaAbHbie 
ĎAOKHPOBKH, oOeCTOHHBaiOHIHe peAe BpeMeHH, 
nocAe ero cpačaTbiBaHHa, Ha Bce to BpeMa, b 


TeaeHHe KOToporo pe.ie HanpaKeHHa Aepxca 

CBOH KOHT3KTbI 3aMKHyTUMH. 

Ha <pHr. XII, 31 npHBeAeHa 3am.HTa MHHHMaab- 
Horo Hanpaa<eHHH jum OTBeTCTBeHHbix ABuraTe- 
Aeň. CxeMa BbinoAHeHa íiotpeACTBOM Tpex4)a3HHx 
peAe HanpaaceHHa c 3aBHCHMoň xapaKTepHCTHKOíi, 
pearnpyiomHx Ha nAomaAb TpeyroAbHHKa ah- 
HefiHbix HanpaaceHHň. IlpeAOTBpameHHe Henpa- 
BHAbHoro cpa6aTbiBaHHH 3 amHTU npn HencnpaB- 
hocthx b uenax HanpaaceHHa AOCTHraeTca ycTa- 
HOBKOň AByx KOMnAeKTOB peAe, npHCoeAHHaeMHX 
k pa3AHHHUM rpynnaM H 3 MepnTeAbHUX TpaHc^op- 
MaTopoB HanoaaceHHa. HMnyAbc Ha OTKAioaeHHe 

nocuAaeTca aepe3 nocAeAOBaTeAbHo coeAHHeHHbie 
KOHTaKTW očohx peAe. 

Ha (pHr. XII, 32 AaHa cxeMa 3amHTH OTBeT- 
CTBeHHHx ABHraTeAeň ot nocAeACTBHfi noaBAe- 
hhh HanpaaceHHH nocAe AAHTeAbHoro nepepbiBa. 
B A3HHOM CAyqae ann AeňcTBHH 3amnTbi AOCTa- 



4>nr. XII.30. CxeMa 3auiHTU MHuiiMajiMioro HanpfixceHHfi c 
0flH0(j)a3HbiMH MrHOoeHHHMH peae Hatipsacemist 
h OTttejibiibíM pe.ie BpeMeHH. 

tohho HMeTb oaho peAe HanpaaceHHa, BKAioaae- 
Moe Ha KaKoe-AHÓo H3 AHHeňHwx Hanpaa;eHHň. 

IlpeAOTBpameHHe HenpaBHAbHoro acActbua 
3 amHTbi npn HencnpaBHOCTax b uenax Hanpajxe- 
hhh AOCTHraeTca ycTaHOBKoů BTOporo peAe Ha- 
npaaceHHa, npHCoeAHHeHHoro Ha Apyroft TpaHc- 
^opMaTOp HanpaMceHHH. IlpHMeHeHHoe b cxeMe 
peAe BpeMeHH He paccqHTaHo Ha A^iHTeAbHbift 
tok. ÍIosTOMy nocAe cpaňaTHBaHHa peAe BpeMeHH 
c ero oómotkh CHHMaeTca MHHyc onepaTHBHOro 
TOKa, 3aBeAeHHuá qepe3 HopMaAbHo 3aMKHyTbift 
KOHT3KT BbtxoAHoro npoMeHcyToqHoro peAe. 

CxeMa TpeóyeT cneuHaAbHOfl peryAnpoBKH 
KOHT3KTOB npOMOKyTOqHOrO peAe. B npOTHBHOM 
CAyqae bosmohcho, qTO npoMe>KyToqHoe peAe, 
pa3pbiBaa uenb oómotkh peAe BpeMeHH, 6yAeT 
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^Hr- XII,32. CxeMa 3 am«TM MHHHMaJibHoro HanpaHceHHn c 
0aH04>a3HblMH peae JUIH 3ai.ll.HTbI OTBeTCTBeHHbIX acHHxpoH- 
hux xBHraTeJiefl ot nocJieflCTBHft nosujieHHH h anpaiKeniiH 
* "^noc.ie RjiHTeabHoro nepepusa. 

3 acTaBJiflTb nocaeAHee B 03 BpamaTbca b ncxoAHoe 
noaoaceHHe npeacAe, nem. npoMeacyTOHHoe peae 
ycneeT caMoSaoKHpoBaTbca aepe 3 CBOň HopMaabHO 
pa 30 MKHyTblň KOHT 3 KT. IlpH 3 T 0 M BOSMOHíeH OT- 

Ka3 3amHTH b OTKJiioneHHH ABHraTeaeň h cropa- 
HHe peae BpeMGHii. yA 03 aexBopHreabHbie pe3yab- 
raTbi padoTbi noAOĎHbix cxeM c paccM 3 TpHBaeMoň 
tomivH 3 peHHa noayaaioTCH, HanpnMep, npH coae- 
t 3 hhh peae BpeMeHH 3B-180 c npoMeacyTOHHbíM 
peae 911-231 X9M3. 

Kax OTMenaaocb Bbirne, ynpomeHHHe cxeMbi, 
noflofiHbie 4 »Hr. XII, 32 , AonycKaiOTCa TaKace Aaa 
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<t>m\ XII,33. CxeMa muihtu MHHHMajibHoro HanpaiKOHíiH c 
oahhm 0AH0$a3HHM peae npjmoro /leiicTBua. 

BunoiiHeHHH h Apyrnx <J>yHKUHň. B iieaax Aaab- 
Heňmero hx ynpomeHHa BTopoe KOHTpoabHoe 
peae HaH Booéme He ct3bhtch (Aaa hgotb6tct- 
BeHHbix ABHraTeaeň) nan BKaionaeTCH Ha Apyroe 
aHHeňHoe Hanpa*eHHe Toro ace TpaHC<J)opMaTopa 
HanpaaceHHa. 

Ha <|mr. XII, 33 npHBeaeHa cxenaa 3amaTbi mh- 
HHMaabHoro HanpaaceHHa, ocymecTBaeHHaa noc- 
peacTBOM oAHoro peae npaMoro aeScTBHa, Bicaio- 
aeHHoro Ha aHHeňHoe HanpaaceHHe. iXaa 3amHTbi 
MoryT 6«Tb HCnoab30BaHbi,. HanpHMep, peae, 
BCTpaHBaeMbie b pyqHbie aBTOMaTHnecKHe npHBo- 
Abi THna KAM 3aBoaa B 9aeKTpoannapaT" (cm. 
ra. II, § 10). nocaeAHee, 6é3 nepeaeaKH, He HMeeT 
BbiAepacKH BpeMeHH. CxeMa AonycicaeTca Aaa 
HeoTBeTCTBeHHbix ABHraTeaeň c <J>a3HbiM poTopoM, 
nyCKOBOŘ MOMeHT KOTOpUX ČoabHie MOMeHTa 
conpoTHBaeHHH. Ee cymecTBeHHbíM HeaocTaTKOM 
nOMHMO OTCyTCTBHH Bbl/iepHCKH BpeMeHH aBaaeTCH 
B03MOHCHOCTb OTKa3a npH HCKOTOpHX 3aMHKaHHHX 

Meacay AByMa 4>a3aMH. 

10. CnEUHAAbHbIE 3AIU,HTbI CHHXPOHHbIX 
ABHrATEAEň OT BbinAAEHHň H3 CHHXPOHH3MA 

í(aa 3auiHTM CHHxpoHHbix ABHraTeaeň ot bh- 
naAeHHa H3 cHHxpoHH3Ma MoryT óbiTb ncnoab3o- 
BaHbí paccMOTpeHHbie Bbiuie 3amHTbi ot neperpy- 
30 K (MaKCHMaabHaa TOKoBaa c 3aeHCHMofi xapaK- 
TepncTHKoň h TepMHnecKaa) h au MHHHMaabHoro 
HanpaaceHna. 

OCHOBHblM npHHUHnHaabHblM HeAOCTaTKOM nep- 
Bbíx, OTCTpaHBaeMHX no BpeMeHH ot nycicofibix 
tokob, aBaaiOTca aaa paaa caynaee iieaceaaTeabHo 
óoabuiHe BbiAepisKH BpeMeHH. y BTOpbix aa rpya- 
HHTeabHO noAOópaTb HeočxoAHMbie xapaKTepncTK- 
kh BHAepatKH BpeMeHH, cooTBeTCTByromHe Bpe¬ 
MeHH, c kotopum ABHrateab BbinaAaet H3 CHHxpo- 



HH3fiia npn pas^H^HBix ocTaTOMHbix HanpaacettHHX 
Ha 3a»Hiiax ero CTaTOpHOň oďmotkh. 

B nocjie^HHe roun 6bui npejuioaceH pHA 

cneuHa^tHbix 3amHT aBHraTeJieň ot Bbina^eHHH 

H3 CHHXpOHII3Ma. 

K hx q«c;iy othocjjtch cjieAyiomHe: 

1) 3amHTa,pearHpyK)maa Ha cos<p; 

2) 3aiuHTa, pearHpyiomaa Ha iiyjibcauiíio Tona hjih ax- 
thbhoH moiuhocth b uenH craTopa; 

3) 3amHTa, pearapyiomaH Ha noHBJíeHHe nepeMeHnoro 

TOKa B OÓMOTKC B03Óy>KAeHHH; 

4) MaKCHMaabHaa tokobeh 3aiuHTa c 33 bhchmoS (hjih 
H e3aBHCHMOH) xapaKTepHCTHKofi h cneunaabHO noAOÓpaHHbí- 
mh napaMeTpaMH. 

3amif Ta, pearHpyiom,aH Ha cos <p. HopMajibHo chhxpoh- 
hhh ABHrarejib oóbmHO paóQTaeT c nepeB03óy)KAeHHeM, ot- 
Aasan peaKTHBHyio MomHoerb b CHCTeMy. B cJiyqae Bwna- 
AeHHfl H3 CHHXpOHH3Ma ABHraTeJIb HaHHHaeT nOTpeÓJIflTb 
peaKTHBHyiO MOUtflOCTb H3 CHCTeMW. TaKHM 06pa30M 3H3K COS <p 
H3MeHflČTCfl, HTO MOMCT ÓMTb HCnOJIb30BaHO AJIH paÓOTbl 
cooTBeTCTByioiuero peae. Tanoe peae BbinoJiHHjiocb » GUI A 
ajih AeficTBHH npn OTCTaiomeM cos<p = 0,6 [JI. 7]. UltfpoKoro 
pacnpocTpaHeHHH oho, oAHaKO, noxa He noJiyqHJio, b qacr* 
hocth, h3ao noJiaraTb, b cbh3h co cjieAyiomHMH HeaociaTKa- 
MH, KOTOpMe He ABJIHlOTCH, OAHaKO, BeCbMa CymeCTBeHHblMH: 
1) íienpHMeHHMocTbio a jih cjiyqaes paóoTbi ABHraTeji* c He- # 
AOB036y}KAeHHeM; 2) HenpaBHJibHoii paóoToň npn chhhcchhh* 
no KaKHM-JIHÓO npHHHHaM TOKa B03Óy»AeHH8 ABHraTeAfl, 
paóoTaBuiero HOpMajibHO c onepeHcaioiUHM cosqp. 

3anurra, peanipyiomasi Ha nyjtbcautiio Tona hjih 
aKTHBHod moiuhocth b uerni cTaTopa. 3amnTa AeftCTByeT 
nocjie onpeAejieHHoro, 3apaHee. yciaHOBJíeHHoro qnc;ia uhk- 
ji ob acHHxpoHHoro xoAa. Hhcao uhkjiob noAcqHTMBaeTCJi hjih 
cneunajibHbíM cqemHKOM qncjia nepnoAOB hjih nocpeACTBOM 
cneunaJibHhix cxew, ocymecTBjweMbix c noMombio npoMe- 
xcyToqHbix pejie. 

Ha $nr. XII, 34 b KaqecTBe npHMepa npHBex^Ha cxeMa 

CO CqeTHHKOM UHKJIOB, BbinOJIHeHHblM c nOMOIUblO npOMe- 

HcyTOHHHX pe;ie [JI. 8]. 

riocne nepBoro 3aMbiKaHH« kohtbktob, qeM 6u oho hh 
ómjio Bbi3BaH0, nycKOBoro TOKOBoro pejie /, HMeioiuero tok 
T poraHHH óojibine MaKCHMajibHoro paóoqero, cpaóaTbiBaeT 
npoMe«yTOHHoe MHoroKOHTaKTHoe pejie 2, nocwjiaioiuee qepe3 
HHHCHHS 33MblKaiOIUHH KOHTaKT HMnyAbC Ha npOMOKyTOHHGe 
pejie 3, BK/noqeHHoe no cxeMe caMoÓJioKHpoBKH (noAaeT njnoc 
Ha cbok) o6MOTKy qepe3 coócTBeHHbin 3aMHKaioiUHHCH koh- 
TaKT). 

ílocjie B03BpameHHH kohtsktob nycKOBoro pejie 1 b 
H cxoAHoe noaoaceHHe KOHTaKTw pejie 3 ocraiorcH 33MKHy- 
tmmh. Hepe3 cpeAHHň HopMaJibHó 3aMKHyTbifí KOHTaKT peae 2 
h BepxHHH 3aMKHyBinHitcH KOHTaKT pejie 3 noAaeTcn njnoc 
Ha npoMeacyToqHoe pejie 4 , KOTOpoe, cpaóoTaB, TaKxce 3a- 
MblKaeT CBOH KOHTaKTbI. 

EcJIH yCTpOHCTBO npHXOAHAO B AeHCTBHe, HanpHMep, 
BCJieACTBHC KOpOTKOrO 3aMHKaHHH B CHCTeMe, CXeMB B UejIOM 
AeScTBOBaTb Aa^ee b HanpaBaeHHH cpaóaTUBaHHH He óyxeT 
h B03BpaTHTCH b HCxoAHoe noAOHceHHe nocAe paóoTbi peae 

BpeMeHH 6 C HOpMdJIbHO 3HMKHyTbIM KOHT3KTOM, nOAyqaiO- 

mero nHTaHne qepe3 KOHTaKTU pejie 3. 

npH BbinaACHBH ABHraTeAH H3 CHHXpOHH3Ma nycKOBoe 
peae 3aMbii<aeT KOHTaKTU b kbhcaom unKAe acHHxpoHHoro 
xoAa. npn btopom unoe AencTByeT npOMe>KyToqHoe pe^e 6 , 
noayqan HMnyjibc nepe3 KOHTaKTw peae 2, 4. FlocAe bo 3- 
BpaineHHH nycKosoro opraHa b HCxoAHoe noaoHceHHe qepe3 
KOHTaKTbi peJie 2, 6 noAaeTcn HMnyjibc Ha nocaeAHee npo- 
MexcyTo^noe pějíc 7, KOTopoe CpaóaTbiBaeT n caMOÓJioKH- 
pyeTCH. B nanajie TpeTbero unKJia nocAe aohctbhh peae 1 n 
2 HMnyjibc nocTOHHiioro TOKa npoxoAHT qepe3 3aMKnyBinnecH 
paHee KonTaKibi pejie 7 n ycTponcTBo TaKHM oópa30M Cpa¬ 
óaTbiBaeT. Ran npeAOTBpameHHH paóoTbi ycTpoiíCTBa npn 
KaqaHHHX c óojimiihm nepnoAOM (HanpuMep, npn CHHxpOH- 
Hbix 3aTyxarotmix icaqaHHHx) b cxeMy BBeneHO peae BpeMe¬ 
HH 8 C HOpMaJlblIO SaMKHVTblM KOHTaKTOM, npHBOAHMOe B 


AeHCTBHe nycKOBbíM opraHOM 1 . Ecjih nepwoA KaqaHHH cpe- 
bocxoaht 3aA3HHyio BeAHqiiHy, peae 8 ycneBaeT cpaóoTaib 

H B KaXÍAOM UHKJie A6ÓAOKHpOB8Tb CXeMy. 

BMAepacKa BpeMeHH / 8 peae 8 h npHHSToe ajih cpaóa- 
TblBHHHH yCTpOÍÍCTBa MHCAO UHKJIOB ti OIIpeAeJIHIOT TaKHCe 
BpeMH AeŽcTBHH pCAe 5, KOTopoe AOAHCHO ÓfelTb HeCKOJIbKO 
óojibuie nt 8 . 

PaccMOTpeHHaa cxewa HMeeT cAeAyioui,He HeAocTarKn: 
1) OTHocHTe ji bHO CAOHCHa; 2) TpeóyeT cneuHaabHon peryjiH- 
poBKH h noAÓopa pejie aah oóecneqeHHH qeTKoií paóoTbi 
npH M3Abix nepHOAax KaqaHHH; 3) MOxceT He noAeHCTBOBaTb 
npH BbinaAeHHH H3 chhxpohh3M3, oóycAOBaeHHbix HcqeaHo- 
BeHneM TOKa B03ÓyHCAeHHH (HanpHMep, npH pa3pbiBe uena 
B03óyHCAeHHfl) hah yMeHbnieHHeM nocaeAHero, TaK Kax npH 
3TOM KOJieÓaHHfl TOKa BO BpeMeHH CHHHCaiOTCfl. 



B icaqecTBe nycKOBoro oprana b cxeMe npeAJiarajiacb 

T3K>Ke KOMÓHHaUHÍ! M3KCHM3AbHOrO TOKOBOTO peJie II peJie 
aKTHBHOft MOIUHOCTH, KOTOpaí! H3MeHIieT CBOH 3H3K 39 K3>K- 
Abiiž nepHOA acHHXpOHHbix KaqaHHň [JI. 9]. 

3auiHTa, pearHpyiomaa Ha noflBJíeHHe nepe- 
MeHHoro Tona b oÓHOTKe B036y>KiieHHfl. 

fleňCTBHH 3aiu,HTH Hcno^b3yeTCH nepeMeHHMň 
TOK, B03HHKaiOmHň B OĎMOTKe B03Óy)KAeHHK 
ABHraTe^H, nepemeAuiero b acHHxpoHHbift pescuM 
pafioTH. B uenb B036y«aeHHa XII, 35) 

BK^rouaeTCH TpaHC(JopMaTOp TOKa, K BTOpHHHOŘ 
QÓMOTKe KOTOpOTO npHCOeaHHHeTCH MaKCHMaJIb- 
Hoe TOKOBoe pe^ie c BMAepacKOň BpeMeHH; no* 
CJieAHHH HeoóxOflHMa mh oTCTpoŘKH ot nepeMeH- 
HblX TOKOB, B03HHK3IOIHHX B UenH B036yHCjeHHH 
npH BHeiHHHX HeCHMMeTpHHHHX 33MbIKaHHHX; 
IIOHBJíeHHe BTHX TOKOB oé^bHCHHeTCH HaHHHHeM 
MarHHTHoro noTOKa OTpHuaieHbHoíl nocneAOBa- 
TenbHOCTH, KOTopbiň nepeceKaeT oĎMOTKy bo3- 
dyacfleHHH flBnraTe^H c nacTOTOň / 2 =5 3 /=2/. 
HeaocTaTKaMH cxeMbi hb^hk)tch: npaKTHHecKaK 
, saTpyjHHTe.ibHOCTb no^Gopa HanBbirojíHeřuítiTx 
mh Hee napaMeTpoB oóopyAOBanHH h ycTasorc. 
B HaCTHOCTH, 3fleCb npHXOMTCH CHHTaTbCH c 

TpaHC<|>opMauHeíí tokob hh3koíI HacTOTU (npu 

HeÓOJIbUIHX CKOJIbJKeHHHX), B03MO)KHOCTbIO HaCH- 
meHHH Tpanc<{>opMaTopa toks nocTOHHHbíM tokok 
B036y»aeHHH h t. a. B cbhsh c yKa3aHHbm 9Ta 
3amHTa, nocTaBnaeMaa X3M3, b SKcn^oaTauKH 
pacnpocTpaHeHHH noxa He nojiymíia. 
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MaKCHMaJibHan TOKOsan 3aui.HTa c 3asMCH- 
xapaKTepHCTHKOft. MaKCHMa^bHoe tokoboc 
iíHflyKUHOHHoe peAe c 33bhchmoíí xapaKTepHCTH- 
KOň -raioKe MoaceT pearapoBaTb Ha nyAbcnpyio- 
mne tokh b CTaTOpe ABHraTeAH, BbinaBmero H3 
cHHxpoHH3Ma. OflHaKO HaH6oAbinee aeficTByiomee 
3H3HeHne nyAbCHpyrowero Toxa, AocTaTOHHoe 
aah cpaóaTbiBaHHH peAe, 0Ka3biBaeTCH óoAbine 
Tona TporaHHH, onpeACAeHHoro aah nocTOHHHOň 
BeamiHHbí ero AeficTByromero 3HaqeHHH (aah 
pejie HT-81 X9M3 b Aaa—qetbipe pa3a, b 3aBH- 


CHCTeMbi, npHBeaeHHbíM k 3a>KHMaM ABHraTeAH. 

ripH OTHOCHTCAbHO 60AbH10ÍÍ MOIHHOCTH ABHraTeAH 
3aiu.HTa MOJKeT pa6oTaTb HeAOCTaToqHO HaAexcHO 
Han BOOČme OTKa3bIBaTb B aeňCTBHH. 

MaKCHMaabHaa TOKOBaa samwTa c HesasH- 
CHMOií xapaKTepHCTHKofl. CxeMa, cocToainaa H3 
MrHOBCHHoro TOKOBoro peae h peae BpeMeHH, 
npn BbinaaeHHH H3 CHHxpoHH3Ma, KaK npaBHao, 
cpadaTbiBaTb He 6yAeT, tsk Kax KOHTaKTu toko- 
Boro peae 6yayT nyabCHpoBaTb b t3kt c Koae- 
SaHHaMH Toxa b CTaTOpe. 

JXjih oóecneaeHHa AefícTBHH 3am«Tbi 



Om 6o36ydurr,ejw 



<£nr. XII,36. npHHUHnHaJibnaH cxeMa 
cneuHajibHoft MaKCHMaJibHOň tokoboS 


npn acHHxpOHHOM xo^e b cxeMy 
($Hr. XII, 36) MOKay tokobum peAe h 
peAe BpeMeHH AonoAHHTeAbHO bkaio- 
qaeTca cneu,HaAbHoe npoMexcyToqHoe 
peAe, paóoTaiomee MrHOBeHHO Ha 3 a- 
MbiKamie h c BbiaepHCKofi BpeMeHH Ha 
pa3MbiKaHHe koht3Ktob. 3Ta BHAep>KKa 

BpeMeHH AOAHCHa 6biTb BbičpaHa Tax, 
HTOóbi peAe He ycneBajio B03BpaxHTbca 
b HcxoflHoe nofloaceHKe Meacay AsyMH 
caeAyiouiHMH Apyr 3 a ApyroM m3kch- 
MyMaMH Toxa KaqaHHň, KorAa TOKOBoe 
peAe B03BpamaeTca b ncxoAHoe hoao- 
aceHne. 

B 9tom cAyqae npn acHHxpOHHOM 
xoAe ABnraTeAa oóecneaHBaeTca 6ec- 
npepMBHaa noAaqa -|- Ha peAe BpeMeHH, 
KOTopoe h cpaóa-rHBaeT c ycraHOBAeH- 
hoS BbiAepacKoft BpeMeHH. 

CxeMa b HeKOTopux cAyqaax o6Aa- 
Aaet HecKOAbKO 6oAbmeň qeTKoerbio 


<$Hr. XII,35. npHHUH- 

auajibHaa cxeMa 3aiunTi>i 
CHHxpoHHoro ABHraTejia 
ot BwnaaeHHH H3 chh- 
xpoHH3Ma, pearapyroiuasí 
na noaBJíemie nepeMeH- 
Horo T0K3 B OÓMOTKe 
B036yMCAeHHfl. 


3aiMHTbI CHHXpOHHOrO flBHrareJIH OT Bblj A^HCTBHH, HeM cxeMa C TOKOBblMH 
na^eHHa H3 CHHxpoHH3Ma (C He3aBHCHMofi pejie, HMeiomilMH 3aBHCHMVK) xapaKTe- 
xapaKTepHCTHKOH). pHCTHKy. HeAOCTaTKOM ee no cpaBHe- 

hhio q nocAeAHeň HBAaeTca 3aTpyAHH- 
TeAbHOCTb BHÓopa npoMeacyToqHMx 
peAe c AOCTaToqHO óoAbuiHM BpeMeHeM 
B03BpaTa. H 3 peAe X9M3 aah yKa3aH- 
Hoft ueAH HanóoAee noAXOAHT 9Aei<- 


chmocth ot nepnoAa acHHxpoHHbix KaqaHHň, 
AAa peAe HT-11 X9M3 npHÓAH3HTeAbHO b Aka 
pa3a). BbiAepjKKa BpeMeHH peAe npn HandoAbuieM 
AeňcTByiomeM 3HaqeHHH nyAbcnpyiomero Toi<a 
cooTBeTCTByeT npH 9tom BpeMeHH AeficTBrfa peAe, 
npHMepHO npH 50% 3HaqeHHH Toxa nocTOHHHOň 
AeňcTByiomeň BeAHHHHH [JI. 10]. 

Tok TporaHHH h BbiAepacKa BpeMeHH 3amHTbi 

AOAHCHbl ěbITb BblĎpaHU T3K, HTOČU ĎUAO npeA* 

OTBpameHO ee cpaóaTUBaHHe npn: 1) BHeniHnx 
KOpOTKHX 3aMbIK3HHHX; 2) peaAbHO B03M0)KHb!X 
b ycAOBHHx 9KcnAoaTau,HH neperpy3Kax; 3) chh- j 
xpOHHbIX HAH CaMOAHKBHAHpyiOmHXCH aCHHXpOH- 


TpoMarHHTHue peAe THna P9, npHMeHaeMbie 
B exeMax 3BTOM3THKH. 

Bce paccMOTpeHHbie cxeMbi 3amHT oóAaAaioT 
TeMH HAH ApyrHMH HeAOCT3TKaMH. OAH3KO 9KC- 
nepHMeHTaAbHO ohh eme HeAocTaToqHo H3yqeHbi. 
rio9TOMy o6ochob3hho ycTaHOBHTb HaHAyqmyio 
H3 hhx b HacToamee BpeMa eme 3aTpyAHHTeAb- 
ho. Oah3Ko TaM, rAe 9TO AonyCTHMO no qyB- 
CTBHTeAbHOCTH, ĎUAO 6bl ueAeCOOÓpa3HO HCnOAb- 

30 B 3 HHe HaHÓoAee npocTofi tokoboř 3 am«Tbi c 
33BHCHMOft XapaKTepHCTHKOŘ. 

CoqeTaHHe samHT c aBTOMaTHKOfi nycna 
ABHraTeAefl. CHHxpoHHbie ABnraTeAH c acHHxpoH- 


hhx KaqaHHHx. hhm nycKOM HMeioT b paAe CAyqaeB AOCTaToqHO 

Ochobhhm aoctohhctbom 3aniHTbi HBAaeTca CAOJKHbie cxeMbi aah aBTOMaTHqecKoro 3 anycKa. 
ee npocTOTa. K HeAocTaTKaM CAeAyeT OTHecTH B bth cxeMbi, b qacTHOCTH, bxoaht ycTpoficTBO 
33BHCHMOCTb qyBCTBHTeAbHOCTH 3amHTM OT CO- AAH nOAaqH B 036 yHCAeHHH npH AOCTHXíeHHH 
OTHomeHHH MeacAy peaKTaHCOM 3amHmaeMoro ABHraTeAeM ckopocth, 6ah3koS k chhxpoh- 
ABHraTeAH h peaKTaHCOM reHepnpyiomeň qacTH hoh. Oho nepeKAioqaeT oĎMOTKy B03óyH<AeHHH 
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C pa3pflflHOrO COnpOTHBJíeHHH Ha B03ÓyflH- 

Teju>. 

PaccMOTpeHHbie BMiue cnemíaAbHbie 3atuHTbi 
MoryT cpadaTUBaTb npa pa3BopoTe ABHraTeAH. 
OTCTpOflKa HX OT B03HHK3I0mHX npH 3TOM TOKOB 

npHBO^HT k Hexce^aTe^bHOMy hah Aaxce Heao- 
nycTHMOMy 3arpy6xeHHK> 3amHTbi. 

Tax, nanpHMep, cneuHaxbHaa TOKOBaa 3amHTa 
C 33BHCHMOŘ XapaKTepHCTHKOft, OTCTpOeHHaH OT 
nycKOBbix tokob, o6xaaaJia 6bi npHMepHO tcmh 
xce noKa 3 aTeflHMH, hto h paccMaTpHBaBuiHfica 
Bbiuie BapnaHT tokoboA 3amHTbi ABHraTeaeA ot 
neperpyaoK. 

ri03T0My cneuiiajibHbie 3 amHTbi jtBHraTexeň 

OT BbinaaeHHa H3 CHHXpOHH3M3 ÓflOKHpyiOTCH c 
ycTpoňCTBaMH noaaqn B036yxcaeHHH h bboahtch 
b pafíoTy MTKOB6HHO h/ih c HexoTopoA sanepac- 
koA nocae BKaroaeHHa oómotkh BoafiyacaeHHa 
na B03ÓyaHTeab. 

npH BbínaaeHHH aBaraTeaa H3 CHHxpoHH3ua 
3amnTbi MoryT aeAcTBOBaTb Ha ero oTKjnone- 
HHe (B 03 MoxceH BapHaHT c hocaeayK)mHM 3 bto- 
MaTHaecKHM BKaioHCHHCM ABHraTeafl) hjih nepe- 
boa b nycKODoe noaoxceHHe h b caynae Heoó* 
xoahmocth Ha pa3rpy3Ky aaa odecneneHHa ycao- 
bhA, oĎaeraaiomHX o6paTHoe BTarHBaHHe b chh- 
xpoHH3M, ecjiH BHnaaeHHe H3 Hero He 6biao 
oóycaoBaeHO HeHcnpaBHOCTHMH b aerm B036yac- 
aeHHH. Mamě scero nayT no BTopoMy nyTH. 

Ecah ABuraTeab no TeM hah hhum npnnHHaM 

OĎpaTHO B CHHXPOHH3M He BTHrHBaeTCH, OH AOA- 
HC6H ÓbITb aBTOMaTHHeCKH OTKAHDHeH. flaa 9TOTO 
MoryT ĎHTb HCnoab30BaHU yCTpoňCTBa, KOHTpO- 
AHpyiomHe A/mTexbHocTb nycxa 3 amHTH ot 

GBepXTOKOB, H T. A. 

B HeKOTopux cxeMax aaa 3amnTbi ABHraTejm 
b paccMaTpHBaeMOM pe*HMe HcnoAb3yioTca cne- 
UHaabHHe 3amHTbi ero AeMn<f>epHbix oďmotok, 
aeftcTByiomHe Ha OTK/noaeHHe. 

11. CnEUHAJIbHUE 3AIU.HTbl flEMn<t>EPHblX OBMO- 
TOK CHHXPOHHblX flBHrATEJIEň 

ZleMn4>epHHe očmotkh chiixpohhhx ABKraTejiefi paccnH- 
TblBafOTCfl Ha KpaTKOBpeMeHHblň tok, Tax kslk b HOpMaJIb- 
HblX yCJIOBHHX SKCIUIOaTaUHH OHH HaXOAHTCH HOA TOKOM 

TOJibKO bo ©peviH nyíCKa. 

npH BbinafleiíHH ABHrarejiH H3 cnHxpoHH3Ma h nepeBOAe 
ero npjf 3TOI4 b nycKOBOŘ pe^KHM (B cjiynae 3aT5rayBiiierocH 
o6paTHoro BTjrrHBaHHH b chhxpohh 3M AOMii<l>epHaH oÓMOTKa 
Mo>KeT ne^onycTHMo neperpeTbCH. 

To Hve MO>KeT HMeTb MecTO npH 3aTHHyBiiieMCH nycxe 
ABnraTejia. 

KocBeHHOH saiiiHTOH ot HeAonyenrMoro neperpeBa AeMn- 
cJjepHoii očmotkh cjiyncaT, nanpHMep, pacčMorpeirahie BHine 
saiHHTM ot ccepxTOKOB. O^HaKO hx napaMerpH TpyAno no- 
^OÓpaTb TaK, HTOČfel OHH COOTBeTCTBOBaJIH TenjiOBO# xapaK- 
TepHCTHice o6motkví. 

íIoa TenJiOBoň xapaKTepHCTHKoň b a^khom cjiyqae oóhh- 
ho noHHMaeTCH 3aBHCHMocTb MaKCHMaJibHoro AonycTHMoro 
BpeMCHH acHHxpoHHoň paóoTH ABHraTejiH ot BejiHHHHH ero 
cKo,ab>KeHHH. Ha 4>Hr. XII, 37 b BHAe npHMepa npHBeAeHa 
TenjiOBan xapaKTepHCTHKa, AasaeMaa c[)hpmoS GEC [JI. li]. 
npHHUHHHanbiio HaHÓojiee coBepmeHHaH 3amHTa MoaceT oHTb 
ocyuiecTBjíena c HCHOjib3oaaHH€M TepMHHecKHx pejře. B CBfi- 

2o PeJieHHafl 3auutna 



/ 0,8 0,8 OA 0,2 , OS 


Oht. XII.37. npHMep Te- 

nJIOBOH XapaKTepHCTHKH 
AeMntJjepHoři oďmotkh 

CHHXpOHHOrO ABHraTeJIH 

no AaHHbíM GEC. 


3H C He<B03M OJKHOCT b IO BKJIKXMeHHH 

3thx pejie «a tok A^MiHljepHoň o6- 

MOTKH OHH HpHCOeAHHHÍOTeH K O6- 
MOTKe BoadyHCAeHHH. 

JIjIH HCKJIÍOHeHHH BJLHHHHH Ha 
paéOTy pejie nocTOHHHoro Tona 
uejiH B036y>KAeHHH yKa3aHHoe npH- 
coeAKHeHHe ocyui,ecTBJiHeTCH nepea 
TpaiHC^JOpiMaTop TOKa, KflK B 3aiUXH- 
Te oř BbmaAeiHHH H3 chhxpohh 3Ma 
©o <j*Hr. XII, 35, ujih inapajiJiejibHO 
ipeaiKTopy (4>hit. XII, 38), npeACTaB- 
ji5noHi,eMy Majioe conpoTHBJíeHHe &nx 
HOCTOHHHOrO TOKa h óojibinoe ajih 
nepeMeHHoro. Tlpn cpaóaTHBaHHH 
3amHTa AOJiHCHa abhctbob aTb Ha 
OTKJiiOHeHHe ABHraiejiH. Cjre^yer, 

OAHaKO, OTlM6THTb, HTO HOA6op He- 
OÓXOAHMHX XapaKTepHCTHK TeptMH- 
qecKoro pejie b AaiiHOM cjiynae 
TaKHce 3arpyAHHTejieH h cymecT- 
Byidime <pejie oóJiaAaiOT npHMepHO 
reMH >Ke He^ocTaTKaMír, hto h npH 
TOpMqecKOH aaiAHTe cnaTopoB 1 . 

12. OCOBEHHOCTH 3AlUHTbI CHHXPOHHblX 
KOMIIEHCATOPOB 

^CnHXpOHHbie KOMnencaTopbi hbjihiotch MauiHHaMH 6o-jib- 
auoň iMOfHCHOCTiH, HB-MepJfeMOH OĎblMHO THCSPiaiMil KiHJlOBOJTbT- 
aMnep h 6ojiee. FIoaTOMy Ha hhx uejiecooópa3HO ycTaHaBjnr- 
BaTb npHMepHO Te xce 3aiuHTtí, hto h Ha reHeparopax toh 
>Ke MOIUHOCTH. 

B iiacTonmee BpeMH na KOMneHcaTopax MomwocTbio 
7 500 kVA h b bime peKOMeHAyeTCH ycTaHaBJíHBaTb [JI. 12]: 

1) óucTpoAeňcTByiomyK) 3aimrTy ot MHoroc})a3Hbix 33 mh- 
KaiiHH (npoAOJibHyio AH4>epeHHHaJibHyio tokobyio); 

2) ÓHCTpoAeHCTByiomyK) 3aiUHTy ot saMbiKaimíí Menc^y 
BUTKaMH OAHOň 4>a3H (npH HajTHHHH y eTaTOpHOH OĎMOTKH 

napajuieJibHbix aeTBeň c BbTBeAeHHbTMH KOHuaMH); 

3) 3amHTy ot oAHO<l)a3Hbix 3aMMKaHHH na seMJiio; 

4) 3amirry ot CBepxTOKOB, očycjiOBjíeHHHx neperpy3Ka- 
mh (im axeiiM a ./ibH a h tok osa h 3am,Hra b oahoh 4>a3e, Aew- 
CTByioman Ha CHrHaji); 

5) ycTpoftcTBO aBTOMaTHHecKoro ramenHJi MarHHT' 

noro íiojih. 



4>ht. XII, 38. HpHMep 
TepMH^ecKoft 3amHTb! 
AeMn^epHOfi oómotkh 
CHHxpoHHoro ABHraTe- 
jia, BKjnoMaeMoň b uenb 
B 03 Óy>KAeHHH napa^- 
jiejibHo peaKTOpy. 
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BbuiaBiímS H3 CHHxpoHH3Ma KOMneHcaTop, He KMeiomHS 
3HaMHTejibHoro npoTiiBOA€HCTByiolií.ero MOMeHTa, qacTO caM 
npH BOCCTaHOBJíeHHH HanpajKeHHfl b CHCTeMe ©THrHBaeTCH 
OĎpaTHO B CHHXPOHH3M. 

Ho3TOMy 3am,HTy ot BbmajieHHH H3 chhxpchh3M3 Jiony- 
cthmo He yciaHaBJíHBaTb. 

ripn ycTaHOBKe 3amHTy uejiecooópa3Ho ocymecTBJíHTb 
no ynpomeHHbíM cxewaM c jie&CTBHeM na cHTHaji. K npHMe- 
HeHHio Moryt óbrrb peKOMeHj^OBaHu paccMOTpeHHbie b § 10 
aToň rjiaBbi MaKCHiviajibHbie TOKOBbie samHTbi c He3aBHCHMoá 
HJIH 33 BHCHMOH XapaKTepHCTHKOS BHflepHCKH BpeMeHH. 



<í>Hr. XII,39. npHHUHiiHajibHaH onHOJiHHeHHan cxeMa samHTH 

MHHHMaJIbHOrO HanpflHCeHHH flJIH CHHXpOHHbIX KOMneHCaTO- 
pOB c Hcnojib30BaHHeM <j)HabTpoB HanpflHceHHfl nojiOHCHTejib- 
hoh nocjieaoBaTejibHOCTH. 

Oco6o ctoht Bonpoc o 6 ycTaHOBKe na KOMneHcaTopax 
3amHTbI OT CBepXTOKOBr OÓyCJIOBJíeHHHX BHeinHHMH KOpOT* 
XHMH 3aMbIKaHH»MH (3aMbIKaHHH Ha IUHHaX, K KOTOpMM IIpH- 

cce^HHeH KOMneHcaTop, h Ha 4>H/iepax, otxouhihhx ot bthx 

UIHH, TipH OTK33€ B fleHCTBHH HX 3am>HT HJIH BblKJIIOHaTeJieS). 

KoMnencaTOpbi HMeioT 3HaqHTejn>noe BpeMH Bbióera. Ilo- 
STOIWy npH OTCyTCTBHH Ha HHX 331UHT, JieHCTByiOmHX npH 
BHemHHX KOpOTKHX 3aMbIKaiíHHX, HeOTKJHOqae^blX 3aiUHTaM'H 
npyrnx ojieMeHTOB, tokh b MecTe noBpeHcneHHH, onpejiejine- 
Mbie s. a. c. KOMneHcaTop a, MoryT HMeTb 3HaqHTejibHyio 
^JIHTeJIbHOCTb. 

JIjih OTKJiiaqeHHH KOMneHcaTopoB b bthx cjiyqanx Mor- 
jia 6 h 6brrb Hcnojib30BaHa ycTaHaBJíHBaeMaH oóhhho na re- 
HepaTopax (cm. tji. VIII, § 6) samHTa MHHHMajibHoro Ha- 
HpHHCeHHH C TOKOBOH ÓJIOKHpOBKOH. OjIHaKO OHa flOCTaTOHHO 
CJI02KH3. 


riOBTOMy npil HaJIHHHH 3am,HTbT UIHH, K KOTOpbIM HpHCO- 
ejiiiHeH KOMneHcaTop, ycTaHOBKa Ha nccjiejiHCM 3auiHTbi ot 
BHeuiHHx kopotkhx 3a«viHKaHHH He npoH3BO£HTC5i. 3amnia 
uihh npu cpaóaTbisaHHH £OJi>KHa OTKjnouaTb h KOMneHcaTop. 

npH OTCyTCTBHH 3amHTbl UIHH T3KvKe MOJKHO [JI. - 12] 
b nejiax ynpomeHHH na KOMneHcaTopax 3amHTbi ot BHeiu- 
HHX KOpOTKHX 3aMbIK3HHH >He yCTaHaBJlHBaTb, yqHTbIB2H 
upoHCxo^nmee 3aTyxaHHe TOKa npn hx BHÓere. 

OjjHaKo, ocoóeHHo jijih KOMneacaTopOB čojibiuoH molu- 
hocth, b HeKOTopwx cjiyqanx Taxyio 3amHTy ct3bht. 

B xanecTBe ee mojkct óhtb Hcuojib 30 Bana 3auiHTa mh* 
■HHMaJIbHOTO HanpflHCeHHH C BM^epHCKOň BpeMOHH ÓOJIbUieH, 
neM y 3auiHT ot KopoTKoro 3aMbiK3HHH 9JieivieHTOB npujie- 
raiomefi qacTH CHdeMbi. TaKoň Bbióop BpeMeHH neňcTBHH 
3amHTbi oóecneHHBaeT ee cejieKTHBHocib no OTHomeHHio 
K 3aiUHTaM APyrHX 9JieM€HTOB CHCTeMbl. 

HeobxOflHMO yHHTbIBaTb CHMMeTpHHHbie H HeCHMMeTpHH- 
Hbie BHeuiHHe acopoTKHe 3aMbiKaHHH. IlooTOMy 3 cjiyqae hc- 
nojib30BaHH h OAHOiJ)a3HHX pejie Ha*npHH<eHHH OHH AOJHKHW 
ĎbITb BKJUOHeiIbl Ha BCe TpH JIHHeŘHblX HaUpHHCeHHH. 

fljIH KpynHHX CHHXPOHHWX KOMIieHCaTOpOB, HenpaBHJIb- 
HOe OTKJUOqeHHe KOTOpHX MOJKeT 3HaHHTeJIbHO OTpa3HTbCH 
Ha pa&yre cncTeMU, cjie^yeT yuHTMBaTb bosmojkhoctb no- 
HBjíeHHH HencnpaBHOCTeS b ueunx HanpHJKeHHH 3amHTH k 
ee HenpaBHJibHoe ^eficTBHe. rio9TOMy b t3khx cjiyqanx ^oji- 
>khh n pejiy cm aTpHBaTbc a ycTponcTBa, npe^OTBpamaiomHe 

B03M0>KH0CTb ee HenpaBHJibHoro cpadaTMBaHHH. 

OOhhho B 9THX HejIHX HCnOJIb3yK)TCH, KaK H JI JIH OT- 
BeTCTBeHHbix jiBHraTejieH, cxeMbi c AByMH KOMUJieKTaMH pejie 
HanpHHceHHH (cm. tji. XII, § 9). 

fljIH HX OCymeCTBJíeHHH TpeÓyeTCH UieCTb OJIHOl}>a3HbIX 
pejie nanpHHceHHH. B cbh3H c bthm Óojiee uejiecoo6pa3HO 
npHMeHeHne cxeM c Tpex<J)a3HbiMH pejie Hanpn/KeHHH, pearn* 
pyioiUHMH Ha njiomajib TpeyrojibHHKa jiHHeňHbix HanpHJKeHHŘ, 
HJIH e OAHo4>a3HHMH pejie, BKJiioqeHHHMH Ha npocTeftuiHe 
cpHJibTpbi HanpnHCeHHH, nOJIO>KHTeJIbHOÍÍ nOCJieflOBaTeJIbHOCTK 

<4>Hir. XII, 39). 

JIjih KOMneHcaTopoB <MeHbmeS mouihocth b oómeM cjiy- 
qac cjiexyer npe^ycMaipuBaTb sauuiTM ot Tex »ce bhjiob 
noBpeHCAeHHň h HeHOpMaJibHHX pokhmob pačoTH. 

O^HaKO b uejiax ynpomeHHH cjieayeT bo scex cjiyqanx, 
rjie 9TO npoxoAHT no qyBCTBHTejibHOCTH, ncnojib30BaTb jijih 
SaUIHTbl OT MHOrO(j)a3HbIX 3aMbIK3HHH[ B33MCH JIH^iepeHlIHaJlb- 
HOŽ MTHOBe HHy 10 M3KCHMaJIbHyK) TOKOByiO 3aiU,HTy. OHa 

^ojiHCHa, Kax h b 3auiHTe ABHraTejiefl, ycTaHaBJíHBaTbcn 

MeHÍJiy KOMneHCaTOpOM H lUHHaMH H HMeTb TOK TporaHHH, 
OTCTpOeHHblS OT HaqaJlbHOTO 3HaqeHHH TOKa KOpOTKOTO 3a- 
MHK3HHH H3 335KHM3X KOMneifCaTOpa (CM. TJI. XII, § 5). 

3auiHTy OT OAHO(j)a3Hbix 3aMbiKaHHň na 3eMJiio TaK>Ke 
b uejiHX ynpomeHHH cjie.nyeT yciaHaBJíHBaTb na vxa3aH- 
Hux KOMneHcaTopax TOJibKO b Tex cjiyqanx, Kor.ua b cHde- 
Me ^aHHoro HanpHHceHHH tok 3 aMHKaHHH Ha seivuuo npeebi- 
rnaeT 10—15 A, KOTopwe ynce^ MoryT 3 HaqHTejibHO noBpe- 
JIHTb MaiUHHy npH JIOCTaTOqHOH JIJIHTejIbHOCTH. 


r JI A BA XIII 

nPOEKTHPOBAHHE H M0HTA>K PEJlEřlHOň 3AmHTbí 


I. OCHOBHbIE TPEBOBAHHJI 

JIjih o6ecneqeHHH 6e3aBapHHHofí paSora pe- 
jiefíHOH 3ainHTbi b SHeprocHCTeMe Heo6xoAHMo 
HMeTb cjie^yromae ycjiobhh: 

1) npaBHJibHO BbiópaHHyio h 3anpoeKTHpoBaH- 
Hyro cxeMy chjioboh KOMMyrauHH chctcmm h pa3- 
MemeaHe ocHOBHoro CHjioBoro oňopyAOBaHHH; 

2) npaBanbHoe Bbino^HeHHe npoeKTa h moht3- 
wa 3amHTbi c yqeTOM TpečoBaHHH sKcmioaTauHH; 
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3) xopoHree KaqecTBo ncnojib3yeMOH ocr.oB- 

HOS 3aiIiHTH0H H BCIlOMOraTejlbHOH MOHT3)K>ÍOÍÍ 

annapaTypbi; 

4) neTKO pa 3 pa 6 oTaHHbie nojiox<eHHH, pyxo- 
Bo^fliUHe yKa3aHHH, nporpaMMbi h HHCTpyKUHH no 
npoeKTHpOBaHHK), MOHTaXíy H OČCJiyJKHBaHHK) sa- 
mHTM, npHMeHHTejibHo k nepcoHajiy, HMeiomeMy 
pa 3 JiH>iHoe OTHomeHHe k 3 aui,HTe b ycjiOBHHX sxc- 
n^oaTauHH; 

5) flocTaTOTHoe KOjinnecTBO Ha^encameň koh- 



TpojibHO-H3MepHTejibHOH annapatypbi, a T3K>Ke jia- 
6opaTopnn h MacTepcKue, oóecneHHBaiomHe He- 
OÓXOflHMbie HCCJieflOBaHHfl, HCIIblTaHHH H peMOHT 
3amHTHofl annapaTypbi b ycAOBHnx 3KcnAoaTau,HH 
CHCTeMbi; 

6) npaBHJibHbiS noAňop, paccTaHOBKy ahhhoto 
cocTaBa h opraHH3auHK> cjiyxíóbi 3amHTbi bo Bcex 
ee 3BeHbHX npHMeHHT6AbH0 K yCJIOBHHM 3HeprO- 
CHCTeMbl B pejIOM H K yCJIOBHHM KaJKAOrO OTflejIb- 
Horo npeanpHHTHH, BxoAamero b AaHHyio sHepro- 
cHCTeMy. 

■ TaKHM o6pa30M Bce Bonpocbi, cBH3aHjHbie c op- 
raHH3auHefi 3KcnjioarauHH pejieflHOH 3amHTbi, 
mojkho pa3ĎiiTb Ha ABa ocHOBHbix pa3ABAa: 

1) BOnpOCbl IipoeKTHpOBaHHH H MOHTa*a 3a- 
IUHTbi; 

2) Bonpocbi 3KcnjioaTau,HH 3amHTbi. 

B HacToameS rjiaBe paccMaTpHBaeTca nepBaa 
rpynna sthx BonpocoB. 

2. BJIHflHHE CXEMbl CHJlOBOfl KOMMyTAU.il H 
HA PABOTy 3AIUHTW 

H3BeCTHO, HTO ACHCTBHe Bcex OCHOBHHX opra- 
HOB peJiefiHOH 3aiH,HTbI OCHOBaHO Ha H 3 MeHeHHH 
sjíeKTpmecKHx bcjihtoh, xapaKTepH3ytoui,Hx co- 
CTOHHHe SJíeKTpHHeCKOH CHCTeMbi HJIH OTflejIbHblX 
ee 3JieMeHT0B. npeanojiaraeTCH, hto npa noBpeK- 
aeHHHX hjih HeHopMajibHbix pexíHMax paSoTbi ch- 
CTeMW 3TH BejIHHHHW H3MeHHIOTCH B 3H3HHTeJIbHO 
óojibuiefi Mepe, neM sto mojkct 6biTb AonycTHMO 
B yCJIOBHHX HOpMajIbHOrO peJKHMa. C 3T0H TOHKH 

3peHHH h h6o6xoahmo noAxoAHTb k onpeflejieHHio 
VCJIOBHH paÓOTbl 3aiHHTbI B CHCTeMe. Ecjih, Ha- 
npHMep, tokh noBpejKAeHHň hjih HeHopMajibHbix 
pe*HMOB B JIHHHH HJIH B MauiHHe npa Bcex BHflax 
nOBpeJKflCHHH 3HaHHTejIbH0 npeBOCXOAHT TOKH 
M 3KCHM aJIbHO B03M0JKH0H Harpy3KH, JlonyCTHMOH 

no ycjioBHHM 6e3onacHocTH oóopyAOBaHHH, to 
m aKCHMaJibHa h tokob3h 3amHTa AaHHoň jihhhh 
hjih MaoiHHbí 6yjieT paĎOTaTb na,T,e>KHO. Ecjih xce 
tokh noBpe*neHHH b onpe^ejieHHbix ycjioBHax 
MoryT 0Ka3aTbca MeHbiue tokob Harpy3KH, cootbct- 
CTByiomHx apyrHM ycjiOBHHM, to 6e3 nepecTpofiKH 
napaMeTpoB AaHHoň 3amHTbi nocjieAHHH padoTaTb 
He óyneT. HanpHMep, ecjiH Ha OAHy H3 jihhhA 
MoryT paóoTaTb hjih TpH hjih oahh reHepaTop 
oflHHaKOBofl mouihocth, to, ecTecTBeHHO, tok no- 
BpexífleHHH ot oflHoro paóoTaiomero reHepaTopa 
MOJKeT 0Ka3aTbCH 3HanHTejIbHO MeHbiue TOKa Ha- 
rpy3KH npn paóoTe Tpex reHepaTopoB. Hjih ao- 
nycTHM, «rro Tpn jihhhh pa6oTaiOT napajuiejibHo 
C HOMHHajIbHOH H3Epy3KOH. ÍIpH OflHOBpeMeHHOM 
aBapHfiHOM OTKJIJOneHHH AByX JIHHHH TpeTbH JIHHHH 
MojKeT OTKjiiOHHTbCH ot neperpy3KH, Tax KaK npo- 
TeKaroman nepe3 jihhhio MomHocTb dyaeT npHMep- 
ho b Tpn pa3a npeBbiuiaTb ee homhh aJibHyio moiií- 

HOCTb. 

ÍIpHMepHO TaKHe »e paccyHífleHHH MoryT-6biTb 
OTHeeeHH H K flpyrHM BHA3M 33IHHT. HaAOKHOCTb 
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paÓOTbl JIIOĎOH 3aiII,HTbI 33BHCHT OT TOTO, HaCKOJIb- 
KO 3HaHHTejIbHO H3MeHHIOTCH tok, HanpaxíeHKe 
h hx oTHouieHHe npn noBpe>KAeHHHx npoTHB Te>: 
>Ke BejIHHHH B HOpM 3JIbHbIX peJKHMaX CHCTeMU. 
CTeneHb sthx H3MepeHHH b 3HaHHTejibHoň Mepc 
33BHCHT OT CXeMbl CHJIOBOH KOMMyTaUHH H COOTHC- 
rneHHH MOUiHocTefí ^eftcTByiomero chjioboto o6o- 

pyflOBaHHH. 

OrciOAa, ecTecTBeHHO, BbiTeKaeT HeoSxonK- 
MOCTb npn BHSópe cxeMbi chjioboS KOMMyTamm 
CHCTeMbi ynHTbiBaTb ycjioBHH, ofiecneTOBaiouiHe Ha- 
ACJKHoe jieňcTBHe HaMeneHHbix KycTaHOBKe 3aimn'. 

3. TPEBOBAHHfl SKCflJIOATAUHH K PA3PABOTKE 
□ POEKTA H BbinOJIHEHHK) MOHTAXCA 3AlUHTbl 

C TOHKH 3peHHH OÓCJiyJKHBaHHH 3aiHHTbí 
b ycjioBHHX SKcnjioaTauHH Bce ajieKTpmecKHe 
sjíeMeHTH 3HeprocHCTeMbi MoryT óbiTb pa36Hra íu 
cjienyiouiHe ocHOBHbie rpynnbi: 

1) 3JieM6HTH MaJIOOTBeTCTBeHHbie, KOTOpbie 
jiereo MoryT 6bm> BbiBeAenbi H3 paĎOTbi na onpe- 
^.ejieHHbin nepHOA 6e3 Sojibiuoro ymepóa a ji a c-i- 
CTeMbi h a jih paóoTbi noTpeĎHTejieS; 

2) 3JieMeHTH oTBeTCTBeHHHe; a Ji a npoBepKM 
3amHTH 3THX 3JieMeHTOB B03M0JKH0 BblAejieHHC 

OTAejibHoro arperaTa h co3A3HHe HCKyccTBeHHbíM 
nyTeM ycjioBHH, npn kotophx bo3mo*ho npoBeae- 
HHe nOJIHOH IipOBepKH 3amHTbI nepBHHHHM TOKOMr 

3) 3JI6MeHTbI, AJia npOBepKH 3aiU,HTbI KOTOpbIX 
npaKTHaecKH hcbo3mo*ho oóecneaHTb peryjiHpHoe 
BbiaejieHHe OTAejibHoro arperaTa h HCKyccTBeHHo 
co3aaTb ycjioBHH, o6ecnenHBaioui,He npoBeaeHne 
npOBepKH 3amHTbI nepBHHHblM TOKOM. 

KpoMe toto npaKTHnecKH Bce 3amHTbi ajieMeH- 
tob CHCTeMbi MoryT 6biTb pa36HTbi Ha ABe rpynnbr 
C TOHKH 3peHHH HX OÓCAyJKHBaHHH Ae*ypHbIM 
oneparaBHHM nepcoHajioMt 

1) 3amHTbi, onepaitHH no oócAyxíHBaHHio koto- 
pbix He bxoaht b Kpyr o6a3aHHocTeň AejKypHoro 
onepaTHBHoro nepcoHaAa, 3a HCKAioneHHeM HaA- 
30pa 3a HX OČIHHM COCTOHHHeM H nOJIOXteHHH 
ĎJiHHkepoB; 

2) 3aujHTbi, onepauHH no o6cjiy>KiiBaHHio ko- 
Topbix npeAycMaTpHBaioTca b Kpyre oSašaHHO- 
CTefl Ae>KypHoro oneffaTHBHoro nepcoHajia. 

npn pa3pa6oTKe npoeKTa h npn BbinojmeHHH 
MOHTaJKa 3aiHHTbI OCOÓeHHOCTH K35KAOH H3 3THX 
rpynn aoajkhm ĎbiTb ynTeHbi. Oct3Hobhmch KpaTKC 
Ha 3THX OCO0eHHOCTHX. 

K nepBoS rpynne 3AeMeHTOB CHCTeMbi moxihc 
oraecTH MajiOMomHbie ABnraTejiH, TpaHC(J)opMaTo- 
pbi, c})HAepbi h t. n., Ha KOTopbix, KaK npaBHjic, 
ycTaHOBJíeHH BecbMa npocTbie 3amHTbi. 3 th 3Ae- 
MeHTbl MoryT ÓbITb OTKJHOHeHbl Ha HeKOTOpblH 
nepHOA H3 paóoTbi 6e3 ymep6a AJia SHeprocHCTe- 
Mbi h aah noTpeĎHTeAeů. IIpH paóoTe ajieMeHxa 
noA Harpy3Koft hhk3Khx paéoT Ha 3ain,HTax, KaK 
npaBHAO, He npoH3BOAHTca. Tnnbi ycTaHOBAeHHoii 
3aiU,HTbI nO3B0AHK)T HpOH3BeCTH noAHyio npoBepKy 
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c noMombio cneiwajibHbix Harpy30HHbix TpaHc4>op- 
MarOpOB HAH COnpOTHBJíeHHH, O KOTOpbIX ĎyfleT 
yi<a3aHO rnoxe. B cxeMax 3amnTbt nepenHCAeHHbix 

3JieMeHT0B HHK3KHX AOnOAHHTeAbHbIX yCTpOÍÍCTB 
KpoMe ocHOBHoň annapaTypM, cocraBAHiomeň 
KOMimejcr 3am,HTbi, He TpeSyeTCH. 

Ko BTopoň rpynne sjíeMemoB othochtch 
b ochobhom reHepaTopu h TpaHccJiopMaTopbi na 
CraHUHHX. fljIH npOBepKH 3aiiAHTbI B03M0JKH0 Bbl- 
AeneHHe OTAejibHoro reHepaTopa. 3am«Ta npoBe- 
p íieTCS C noMombio nOAHHTHH c HyjIH HCKyCCTBCH- 
Horo KopoTKoro 3aMbiKann3. jHonojiHHTejibHoft npo- 
r.epKH noA paóonHM tokom, KaK npaBHAO, He 
TjieÓyeTCH. 3a HCKAJOieHHeM chhthh BeKTOpiIOÍí 
iiaarpaMMbt tokob h 3aMepa tokob HeóaAaHca, 

npOBOAHMblX B nOpflAKe KOHTpOAH np 3BHAbHOCTH 
BOCCTaHOBJíeHHH CXeMbl 3aiAHTbI. H3MeHeHHH B cxe¬ 
Max 3aiH,HTH (3a HCKJIIOHeHHeM ra30BOH 3am,HTbI 
TpaHc4>opMaTopoB) AexcypHbíM nepcoHaAOM He 
npOH3BOAHTCH. 

K TpeTbeň rpynne othochtch rAaBHbíM oópa 30 M 
UIHHbl nOACTaHUHH, MOIJHHbie TpaHC4)OpMaTOpHbie 
rpynnbi h ahiihh BbicoKOBOAbTHbix ceTeft. PeryAHp- 
Hoe oóecneqeHHe onbrra noA^eMa c Hyjia ncKyc- 
CTBeHHOrO KOpOTKOrO 3aMbIK3HHH AAH npOBepKH 
aaiuHTU 3thx sjíeMeHTOB b óojibuiHHCTBe cjiyaaeB 
He npeACTaBAaeTca bosmojkhmm no ycAOBHHM pe- 
KHMa cHcreMbi h Harpy3KH noTpeSHTejiefi. npoBep¬ 
Ka 3ain,HTbi TaKHx sacmchtob npaKTHnecKH He mo- 
>xeT 6 biTb BbinojiHeHa BHe paóonHX ycAOBHH 3Ae- 
MeHra, TaK KaK TpeóyeMbie bcahhhhu nepBKWHHX 
Kanp«)KeHHH h tokob nejib3H nojiyniiTb ncKyccTBen- 
HbfM nyTeM, hcxoah H3 ycAOBHH cxeMbi KOMMyra- 
uhh h pex<HMa paSoTbi CHCTeMbi. Ha TaKHx sne- 
MeHTax upoBepaeMan 3amm'a Ha onpeAejieHHHH 
nepHOA OTKAionaeTcsí ot aghotbhh na BbiKjuoqa- 
TeAH h b 3tot nepnoA npoH3BOAHTcn ee npoBepKa. 
ÍIpoBepKa ncnpaBHocTH h npoBepxa h3oahu,hh ue- 
neň Tp.aHC(})opMaTopOB TOKa h HanpnjKeHHH, coeAH- 
HCHHblX C AaHHOÍÍ 3amHTOH, npOH3BOAHTCH Bce ace 
lípa OTKjHoqeHHOM 3 amHmaeM 0 M 3 JieMeHTe; OAHaKO 
neo 6 xoAHMO HMeTb b BHAy* hto OKOHnaTejibHaH 
npOBepKa 3aiUHTbI npOH3BOAHTCH paÓOMHM TOKOM 
noA Harpy3Koň 3amHmaeMoro 3AeMeHTa. 

OuiHŠoHHoe OTKJiioqeHHe SAeMeina mojkct npn 
3tom npHBecTH k aBapHH. FIosTOMy npn npoBeAe¬ 
HHH npOBepKH 3am,HTbI AOAJKHbl ÓblTb ÍIpHHHTbl Bce 
Mepbi npeAocTOpojKHocTH, HCKAiOMaiomne bo3mojk- 
HOCTb OIHHÓOHHOrO OTKAIOHeHHH 3JieMeHTa. 

C TOHKH 3peHHH OÓCAyACHBaHHH SaiHHTHblX 
verpořícTB AexcypHHM onepaTHBHbíM nepcoHaAOM, 
KaK yKa3HBajiocb Bbíme, Bce 3amHTHbie ycTpoň- 
crea mo>kho pa36HTb Ha Ase rpynnu. K nepBoíí 
rpynne othochtch npaKTHnecKH Bce AH^epeHUHajib- 
.ibie aauiHTH reHepaTopoB h TpaHccpopMaTopoB (3a 
taciíJiioqeHHeM ra30Bon 3amHTW nocAeAHHx), npo- 
crbie 3 amHTbi cfíHAepoB, ABnraTejieň h t. n. BMe- 
iiíateAbCTBO onepaTHBHoro nepcoHaAa b cxeMy 3a- 
upiTbi nepeqHcjienubix 3AeMeHTOB TpeóyeTcn jinujb 
>’» peAKHX c,ayqaflx. OóbiHHo *e b o 6 H 3 aHHOCTH 
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onepaTHBHoro nepcoHajia no o6cjiy*HBaHHK> sthx 
3amHT BXOAHT TOJIbKO HaA30p 3a HX OÓlUHM CO- 
CTOHHHeM H 3a COCTOHHHeM cooTBeTCTByiomero 
riOAOXteHHH ÓAHHKepOB. 

Ko BTopoň rpynne othochtch 3amnTbi, koto- 
pue TpeóyiOT hjih HeKOTopbix nepeKJiioqeHHH b cxe¬ 
Max HJIH H3MeHeHHH napaMCTpOB HaCTpOHKH npn 
H3MeHeHHH peHCHMa paÓOTbl CHCTeMbi HJIH OTAejIb- 
hmx ee 3AeMeHTOB, b to BpeMH KaK 3amHmaeMbiň 
3JieMeHT CHCTeMbi He MOŠíeT ĎHTb BblBeAeH H3 pa- 
60 TbI a JIH npOBeAeHHH COOTBeTCTByKHUHX. H3MeHe- 
IIHÍI B exeMe 3aiHHTbI. 

K stoh rpynne othochtch ĎojibUiHHCTBO cjio>k- 
HblX JIHHeiÍHblX 3aiUHT, HeKOTOpbie 3aiH,HTbl CHJIO- 
BHX TpaHCfjlOpMaTOpOB, CHHXpOHHbIX KOMneHCaTO- 
pOB, UlHHOCOeAHHHTeAbHbIX BbIK.qiO l iaTejieíí H T. n. 
Bo3MO»CHocTb 6e3omH6oqHoro npoBeAeHHH Heo6 - 
xoahmhx onepauHíi c 3am,HTaMH aoaaíh3 6 biTb 
npeAycMOTpeHa npn pa3pa6oTKe npoeKTa h BunoA- 
HeHHH MOHTaHía 3amHTbI. IIoSTOMy K pa 3 padOTKe 
npoeKTa h BbinojiHeiiHio MOHTaxía nepeHHCAeHHbix 
3amHT 3KCiiAoaTaiíHH npeATjHBAHeT ocoóbie Tpe6o- 
BaHHH, KOTOpbie B OCHOBHOM MOTyT ĎbITb CBeAeHbl 
k oóecneqeHHK) cjieAyiomHx ycAOBHň: 

1) K3ACA3H 3aiHHTa AOAJKHa pe3epBHpOB3TbCH 
HaAHHHeM Apyrnx 3amHT, MaKCHMaAbHo ee 3aMe- 
hhjoiahx; 

2) KascAaH H3 3amHT MOKeT 6biTb BbiBeAeHa H3 
pačoTbi npH ocTaBAeHHH b pačoTe Bcex Apyrnx 
3aiu,HT, ee 3aMeHHK>m,Hx; 

3) npH IieB03M0>KH0CTH 33MeHHTb AeňcTByio- 
myio 3amHry HopMaAbHO BKAioneHHbíMH 3amHTaMH 
HeOĎXOAHMO HMeTb KOMnjieKT HOpMajIbHO OTKAK3- 
MeHHOÍi SaiUHTbl, BKAIOHeHHeM KOTOpOÍI MOJKHO 3a- 
MeHHTb 3aiHHTy, BblBOAHMyiO H3 paÓOTbi; 

4) BbinoAHeHHe Bcex onepauHň, cBH3aHHbix 
c oTKAioneHHeM, npoBeAGHHeM npOBepKH h o6paT- 
hhm BKAioqeHHeM b paóoTy KajKAoň H3 3aimrr, He 
AOAACHO TpeÓOBaTb OTKJnOHeHHH HAH H3MeHeHHH 
ycAOBHň paňoTbi Bcex Apyrnx 3ain,HT, ycTaHOBAeH- 
Hbix Ha AaHHOM 3AeM6HTe CHCTeMbi; 

5) BunoAHeHne Bcex nepenHCAeHHbix Bbíme 
onepaunň AOAAíHO ÓblTb MaKCHMHAbHO AOCTynHblM, 
HarAHAHblM H npOCTbIM, C TeM HTOÓbl HCKAřOHHTb 
B03MOJKHocrb ouiHÓoHHoro AeflcTBHH nepcoHaAa 
npH HX BbinOAHeHHH. 

Htoóh oSecnenHTb neoeHHCAeHHbie TpedoBaHHH, 
npn pa3pa6oTKe npHHLiHniiaAbHbix h moht3jkhhx 
cxeM, a TaKJKe npn BbinoAiieHHH MOHTawa 3amHTbi 
AOAJKHbl ÓblTb HpeAyCMOTpeHbí: 

1) HaAHHHe COOTBeTCTByiOIHHX 3aiHIIT, MaKCH- 
MaAbHO 3aMeHHioiu;Hx 3aiu,HTbi, BbiBOAHMHe b npo- 
BepKy; 

2) cooTBeTCTByiomee pacnpeAeAeHHe aamHT no 
OÓMOTK3M TpaHC(J)OpMaTOpOB TOKa, HenHM nOCTOHH- 
Horo TOKa h uenHM TpaHC^opMaTOpoB HanpHJKe- 
HHH C M3KCHMaAbHbIM OÓecneHeHHeM HpOBeAGHHH 
CBOÓOAHOrO OTKAIOqeHHH, npOBepKH H OÓpaTHOrO 
BKAKWeHHH oahhx 3amHT, He 3aTparHBaH Apyrnx; 



3) cooTBeTCTByiomee pacnpeflejiemie Bcex bto- 
Phhhhx uenefi 3amHTbi Ha KjieMMHHKax, no3BOAaio- 
mee npoBOAHTb HeoóxoAHMbie onepaunn c nenaMH 
oahhx 3aui,HT, He 3aTparHBaa ueneň Apyrnx 3amHT; 

4) cooTBeTCTByromaa KOMnaHOBKa h pa3Meme- 
HHe KOMnjieKTOB pejieňHoS h BcnoMoraxe^bHofl 
annapaTypbi Ha naHeAax 3amHTbi, HCKAionaa He- 
OĎXOAHMOCTb HAH B03M0>KH0CTb OUIHĎOHHOrO BMe- 
maTejibCTBa b npoBOAKy hjih annapaTypy Apyrnx 
KOMnjieKTOB npn npOBe^eHHH npoBepKH annapaTy- 
pbi KaKoro-jiHÓo KOMnjieKTa 3amHTbi; 

5) cooTBeTCTByiomaH cncTeMa HaAnHcen h 
ycjioBHbix o6o3HaqeHHň Ha naHejiHX, pejie, Bcno- 
MoraTejibHbix nepeKjnoqaiejibHbix h cHrHaJibHbix 
ycTpoficTBax, KjieMMax, npoBOAax h KaSejinx, 
HCKJIIOMafOmaa B03M0JKH0CTb OUIHĎOHHOrO BMerna- 
TejibCTBa b KOMnjieKTbi apyrax 3ainnT npH Bbinoji- 
HeHHH npoBepKH KaKoro-jiH6o KOMnjieKTa samHTu; 

6) CooTBeTCTByiomaH KOHCTpyKUHH BcnoMora- 
TejibHMx ycTpoňcTB, MaKCHMajibHO ynpomaioinaa 
^eňcTBHH nepcoHajia npH BbinoAHeHHH nepeKAioqe- 
hhh cxeMbi 3aiu,HTbi h m aKCHMajibHo oóecneqHBaio- 
maa HaAeJKHOCTb 3aui,HTbi. 

llepeHHCjieHHbie Bbíme TpeĎOBaHHH npaKraqecKH 
He HBAHKJTCH CAOJKHUMH H He TpeĎyiOT 3aTpaTbI 
6ojibHiHx cpe^CTB Ha hx npoBeAemie. Bonpoc 3 a- 
KJiioqaeTCH toakko b tom, qTodbi npn pa3pa6oTKe 
npoeKTa h BbinoAHeHHH MOHTa>Ka samHTbi sth Tpe- 
óoBaHHH ÓbiJiH yqTeHbi. B KaqecTBe npHMepa hhjkc 
npHBOAHTCH OAHH H3 B03M0JKHMX BapHaHTOB KOM- 
naHOBKH OTflejIbHbIX 3aiIl,HT, OTHOCHUÍHXCH K OflHO- 
My 3amHmaeMOMy sAeMemy cHCTeMbi. PaccMaTpn- 
BaeMwfl sjíeMeHT npeACTaBAaeT co6oh TpexoóMo- 
TOHHyio TpaHC(})opMaTopHyK) rpynny óoAbiuoft moiu- 
hocth h Hanpíi>KeHHeM 220/110/6,6 kV. C tohkh 
3peHH« 3amHTbi TpaHC(|)opMaTop pačoTaeT BecbMa 
b TH*ejibix ycjioBHflx, Kor^a tokh Harpy3KH h to- 
KH nOBpejKfleHHH CHJIbHO H3MeHflIOTCa no BejlHHH- 
He B 33BHCHM0CTH OT H3MeHeHHa peWHMa paÓOTbl 
CHCTeMbi. riosTOMy m aKCHMajibHue TOKOBbie pe- 
3epBHWe 3amHTbI HMeiOT 6jIOKHpOBKH MHHHMajIb- 
Horo HanpaaceHHa. Ha TpaHcijiopMaTope ycTaHOB- 
jieHM cjieAytomHe 3amHTbi: 

1) AH^epeHUHajibHaa TOKOBaa 3amHTa, o6maa 
Aah Bcex Tpex oómotok; 

2) ra30Baa 3amHTa; 

3) MaKCHMajibHbie TOKOBbie pe3epBHbie 3am,HTbi, 
ycTaHOBjíeHHbie co cTopoHbí Ka*Aofi oómotkh; 

4) 3amHTa ot 33MbiKaHHH Ha 3eMjno, ycTa- 
ÍIOBJíeHHaa CO CTOpOHbí OČMOTKH 110 kV; 

5) 3aiu,HTa ot 3aMbiKaHHH Ha 3eMAio, ycia- 
HOBJíeHHaa co CTopoHbí oďmotkh 6,6 kV; 

6) HMneAaHCHaa ‘3amHTa iuhh 6,6 kV. 

TaKHM o6pa30M Bcero Ha TpaHCiJiopMaTOpe 
ycTaHOBjíeHO naTb KOMHJieKTOB 3amnrbi, He c>m- 
Taa toto, hto xajKAaa MaKCHMajibHaa TÓKOBaa 3a- 
iu,HTa no cymecTBy coctoht H3 AByx KOMnjieKTOB: 
ochoto — AeScTByiomero Ha cHraaji h BToporo — 
AeňcTByiomero Ha oTKJiioqeHHe. EcTecTBeHHO, Bce 
3aiHHTbI, BMeCTe B3HTbie, HMeiOT ČOJIbUIOe KOAH- 


aecTBO annapaTypbi h btophhhhx ueneii, cbhsw - 
BaiomHX 3Ty annapaTypy MeacAy coóofl, c coot- 
BeTCTByiOmHMH TpaHC(J)OpMaTOpaMH TOKa H H3- 
npa*eHHH, a Taione c OTKAioqaioinHMH KaTynncaMH 
BbiKJiionaTejieíi. Annapaiypa KajKAoii H3 3am,HT (?a 
HCKJiioqeHHeM ra30Boň) AOJi>KHa npoBepaTbca 
B yCJIOBHHX, KOTA a TpaHC(J)OpMaTOp HaXOAHTt-a 
b paóoTe. TpaHCtjiopMaTop OTKAionaeTca TOAfaíio 
A Jia npoBepKH HcnpaBHocTH H30AHUHH ueneS 
TpaHc4)0pMaT0p0B Tona h Hanpa>KeHHa, a t3k>kc 
ra30Boň 3auiHTbi, npoBepKy KOTopwx HeB03Mom(io 
BbinoAHHTb noA paóoHHM Hanpa>KeHHeM TpaHC(})or>- 
MaTopa. 

OuiHOonHoe oTKAioqeHHe TpaHc<})opMaTopa mo- 
>KeT npHBecTH k KpynHoň aBapHH. ťloaTOMy npn 
npoBeAGHHH npoBepoK 3amHT aoajkhh óbiTb npw- 

HHTbl BCe Mepbl npeAOCTOpOJKHOCTH, HCKJlK)'ial01HHC 
oTKjiroqeHHe TpaHC(})opMaTopa. 

Ha 4>í* r . XIII, 1 noK33aHa AHneBaa cTopowa 
naHe^efi mHTa peAeflHofl 3ainHTbi,' Ha KOTopax 
pacnoAOweHa bch annapaTypa, oTHOcamaaca k 3a- 
iííHTe AaHHoro TpaHoJiopMaTopa. H3 MepTexca bha- 
ho, hto npn npaBHJibHOM pacnpeAeAeHHH annapaTy- 
pw Ha naHeAax m,HTa peAeňHoS 3amHTbi bo3mohc- 
HOCTb OUIHÓOK nepCOHaAa CTaHOBHTCa MaAOBepOHT- 
HOH. Ka>KAbIH KOMÍUieKT 33IUHTH npeACTaBAHCTCft 
BnoAHe 3 aKOH'ienHbiM. Ecah npoBecTH uBeTHon 
KpacKOH noKa3aHHbie Ha nepTeace nynKTiipo-i 
AHHHH Me>KAy nOTOK3MH npOBOAOB C 3aAHGÍ-J 
CTopoHbí naHeAeň, KOMnAeKT KaJKAoň 3amHTbi 
noAynaeTca pe3KO BbiAeAeHHbíM h cTporo orpawn- 
neHHbíM. noaTOMy npH npOBepKe KaaíAoro KOř/- 
HAeKTa 3am«Tbi nepcoHaAy HeTpyAHO coóakicth 
ycAOBHa HeBMeuiaTeAbCTBa b annapaTypy hah npc- 
EOAKy, npHHaAAe>Kainyio k KOMnjieKTaw Apyrax 
3ain,HT, HaxoAHuinxca b paóoTe. 

Hjih BbiBOAa KOMnAeKTa 3amHTbi H3 paĎOTbi 
b nepByio onepeAb Heo6xoAHMo oTcoeAHHHTb ero 
ot npoBOAa, HAymero na OTKAionaiomyio KaTyuiKy 
BbiKAroaaTeAH. 

OTKAioqeHHe hah bhboa 3ainnTbi H3 paóoiu 
mojkho npoH3BecTH pa3HbiMH cnocočaMH: HAH He- 
nOCpeACTBeHHO Ha CÓOpHOM KAeMMHHKe HAH c no- 
Mombio cneuHaAbHoro ycrpoficTBa, pacnoAoaceH- 
Horo Ha naHeAH 3ainHTbi. yqHTbiBaa, hto OTKAfone- 
HHe 3amHTbI MOAíeT nOTpeÓOBaTbCH B aBapHÍÍH{)Ť 
oócTaHOBKe, kota a Bce aghctbhh nepcoHaAa aoajk- 
Hbl ĎbITb M 3KCH M 3AbHO HeTKHMH H ĎbICTpbIMH, 
BMeHHTb b o6a3aHHOCTb AGJKypHOMy nepcoHaAy 
npoBeAeHHe onepannň Ha kacmmhom cšopHHhe 
B ĎOAbuiHHCTBe CAynaeB HeAonvcTHMO. Hah stoh 
u,eAHÍ na naHeAH mma ycraHaBAHBaiOTCH cne- 
nnaAbHbie ycTpOHCTBa, BbiAeAeHHbie Ha (j)Hr. XIII, 1 
ABOÍÍHOň OÓBOAKOS, C nOMOUIbK) KOTOpbIX AOKyp- 
Hbifi nepcoHaA h AOA*eH onepapoBaTb. 3 th one- 
panHH BecbMa npocTbi: nepeBecTH Hoa<Ky nepeKAio- 
MaTeAbHoro ycTpoňcTB a H3 OAHoro ncuioateHKia 
B Apyroe HAH, OTKAIOHHTb pyÓHAbHHK HAH K3KOÍÍ- 
ah6o Apyroň bha nepeKAioqaTeAbHoro ycxpoficTBa. 
HeogxoAHMO OTMeTHTb, hto k 3 TOMy ycrpoíícTBy 
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<J>ht. XIII,1. KoMnaHOBKa annapaiypu Ha naHeJiax 3 amHTbi. 


AOJI>KHbI 6bíTb npeATbHBJíeHbl OCOÓbie TpeĎOBaHHH 

tiaAe>KH 0 CTd, Tax kb k Hapyuiemie KomaKTa uenn 
b nepeKjiíoqaiejibHOM ycTpoScTBe M02K6T noBjíeqb 
ca coóofi OTK 33 B OTKJTIOqeHHH BbIKJIK)qaTeJI5L 
Ha (j)Kr. XIII, 2 naKa'3aHa (})OTOrpa(})HH oahoh m 
KOHCTpyKUHii TaKoro nepeKjnoqaTejiH. npoTHB 

Ka>Knoro H3 KomaKTOB AOJUKHa 6biTb CAejiaHa 
naArwcb, HanpHMep, «OTKjiioqeHHe» h «cnrHaji». 
R COOTBerCTBHH C 3THMH H3AnHCHMH H AOJI2KH3 
3CHHMaTb no:io>KeHHe noABiDKHaH HoxíKa nepeKJiio- 
qaxejiH. 

YcrpoííCTBa, c KOTopbiMH iiphxoahtch onepH- 
P^BaTb Ae>KypHOMy nepcoHajiy Ha naHejiH 3amHTbi, 

A 3 Ji>KHbi óbiTb qeTKO BbiAejieHbí h o 6 o 3 HaqeHbi. 

BcjieACTBHe HeAOCTaToqHoro KOJimecTBa o6mo- 
TOK TpaHC(|)OpMaTOpOB TOKa HepeAKO BCTaeT BO- 
npoc, b aoKOBbie uenn KaKHx 3amHT BKjiioqaTb 
H3MepHTejibHbie npHĎopbi h b qacTHocTH aMnep- 
Meipbl. H3B6CTHO, HTO y ÓOJIbUIHHCTBa COBpeMeH- 
Hbix KOHCTpyKUHň pejie OTcyTCTByiOT yxasaTeAH 
najiH^HH HopMajibHbix tokob, KOTopbie no CymeCTBy 
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<J>hi\ XIII,2. IlepeKaioqaTejibHoe ycTpofícTBO. 
HBJIHIOTCH yKa33TejIHMH HCnpaBHOCTH TOKOBHX U6- 

neň. C stoh tohkh 3peHHH, Ka3ajiocb 6bi, aBjíaeica 
>KejiaTejibHbiM BKJUoaaTb aMnepMeipu b pěna 3 a- 
IPHT, nOKa3aHHa KOTOpbIX CBHpeTejIbCTBOBaJIH 6bl 
o pejiocTHocTH hx tokobhx penefi. OpHaKO 
C BKJPOHeHHeM pOnOJIHHTejIbHbIX npHÓOpOB IlOHH- 
>KaeTca Hape>KHocTb 3aipHTbi, TaK xax Ka>Kpbiň 




































































XIII,3. OČIUHH BHA 3aiUHT- 
Horo aBTOMaia. 


4>Hr. XIII,4. 3amHTHWH aBTOMaT. 

a — B OTKJIKJHCHHOM IIOJIOHCeHHH; 6 — BO BKJ 1 I 046 HH 0 M IIOJIOHC 6 HHH. 


íipHÓop caM no ceóe npeACTaBJíaeT ocjiaĎJieHHoe 
MeCTO, B KOTOpOM MOHteT ÓbITb BbI3BaH pa3pbIB 
uenw 3amHTbi b pe3yjibTaTe MexaHHqecKoň He- 
ncnpaBHOCTH HJiH ot ^eňcTBHH TOKa. KpoMe Toro 
aM-nepMeTp, KaK h bchkhh npnóop, TpeóyeT npo- 
sepKH, HBjíHioin.eHCH AonojiHHTejibHbíM BMeinaTejib- 
ctbom nepcoHajia b uenn 3amnTbi, hto npHBOAHT 
k yBejinneHHio bo 3 mohíhocth noHBJíeHHH HencnpaB- 
hocth h yBejmqeHHH o6mero BpeMeHH, b TeqeHHe 
KOTOporo 3am,HiuaeMbiH oči^eKT ocraeTca 6e3 jxa h- 
hoh 3ain;HTbi. HHoraa c uejibio pa3AejieHHH ueneň 
npHMeHHioTCH cneunajibHbie npoMexcyToqHbie TpaHC- 
4)opMaTopbi Tona c oTHoineHneM nepBnqHoro to- 
Ka KO BTOpHHHOMy, paBHblM eAHHHIje. riepBHqHaH 
oÓMOTKa TaKoro TpaHC(})opMaTopa BKjnoqaeTCH 
b uenb 3amHTbi, á* ko BTopnqHOH oĎMorae npn- 
COeAHHHIOTCH H3MepHTeJIbHbie npHĎOpbl. O^HaKO 
EKjnoqeHHe npoMencyToqHbix TpaHC(})opMaTopoB 
VBejmqHBaeT Harpy3Ky Ha ocHOBHbix TpaHC(})opMa- 
Topax Tona, hto TaKxce He Bcer^a HBjíaeTca ao- 
nycTHMbiM. Ha^o pa3JinqaTb Ha3HaqeHHe H3MepH- 
TejibHbix npHÓopoB h annapaTOB 3amHTbi, a TaKace 
nOCJiejXCTBHH, KOTOpbie MOryT ĎbITb BbI3B.aHbI HX 
HeHCnpaBHOCTbK) HJIH HenpaBHJIbHblM OĎCJiyíKHBa- 
HHeM. Ha3HaqeHHeM H3MepHTejibHbix npnóopoB 
5IBJI5ieTCH KOHTpOJIb pe>KHMa, H HeHCnpaBHOCTb 
npHÓopa He Bbi3bmaeT HeoĎxoAHMoera HeMeAJieH- 
hoto OTKjnoqeHHH oóopy^oBaHHH. Ha 3 HaqeHHeM 
annapaTOB 3amHTbi HBJíneTCH “ KOHTpojib 3a He- 
HcnpaBHOCTbio oóopyAOBaHHH h oxpaHa ero ot 
TIOHBJíeHHH HJIH pa3BHTHH B03HHKIHHX B HeM 
noBpe^K^eHHH. FIoaTOMy annapaT 3amHTbi 'aBTOMa- 
TnqecKH OTKjiioqaeT oĎopyAOBaHHe ot AeňcTByio- 


men CHCTeMbi. C Apyroň CTopoHbí, ouiHĎoqHoe 
AeňcTBHe annapaTa aamHTbi M^nceT Bbi3BaTb He- 
HyncHoe OTKjnoqeHHe ochobhoto oĎopyAOBaHHH h 
T 3KHM 0Ópa30M HBHTbCH npHqHHOH 3B3pHH B CH- 
CTeMe hjih HaoóopoT: otk33 b aghctbhh annapaTa 
3ain,HTbi MOHcer HBHTbcn npnqHHOH pa3pymeHHH 
oóopyAOBaHHH npn B03HHKH0BeHHH noBpexíAGHHH 
b nocjieAHeM. MtoSh npeAynpeAHTb B03M0>KH0CTb 
B03HHKH0BeHHH 3B3pHH nO BHHe CaMOH 3aiAHTbI, 
HeoĎXO^HMO MaKCHMaJIbHO HCKJIIOqHTb B03M02K- 
HOCTb nOHBJíeHHH T3KHX yCJIOBHH AJIH 3amHTbI, npH 
*KOTOpbix OHa MoxceT 'Bbi3BaTb aBapHio hjih ee pa3- 
BHTHe. C 3T0H UeJIblO CJie^yeT, C OAHOH CTopoHbí, 
MaKCHMajibHo HCKjnoqHTb HeoĎxo^HMOCTb BMerna- 
TejibCTBa nepcoHajia b annapaTypy h uenn 3amn- 
Tbl H, C Apyroíí CTOpOHbl, B TOH qaCTH, B KOTOpOH 
3T0í HBjíneTCH HeoóxoAHMbiM, MaKCHMajibHo ynpo- 
CTHTb opneHTHpoBKy h AeňcTBHH nepcoHajia. 
C 3T0H uejibio peKOMeHAyeTCH pacnojiaraTb Ha na- 
Hejinx 3am,HTbi TOjibKo annapaTypy, oraocHmyiocH 
HenocpeACTBeHHO k 3amHTe, a bcio^ KOHTpojibHO- 
H3MepHTejibHyio annapaTypy, TeMnepaTypHyio cht- 
HajiH3auHio h t. n. Bbi^ejiHTb Ha naHejiH KOHTpojia 
h ynpaBjíeHHH. B cjiyqanx BbíHyHc^eHHOH Heoóxo- 
AHMOCTH HMeTbi OĎHXHe TOKOBbie BenH AJIH npHÓO- 
pOB H3MepeHHH H 3amHTbI H3MepHTejIbHbie npH- 
6opbi cjie^yeT BKjnoqaTb b Te uenn 3amHT, pa3pbiB 
KOTOpbIX He BbI3bIBaeT B03HHKH0BeHHH HJIH p33BH- 
thh aBapHH. Bbi6op t3khx 3ain,HT ^ojiHceH peuiaTb- 
ch JiJiH KajKfloro cjiyqan OTAejibHO. 

, Uenn HanpHHceHHH h uenn nocTOHHHoro TOKa, 
nHTaiomne npHĎopbi 3aui;HTbi h KOHTpojibHo-H3Me- 
pHTeJibHbie npHčopbi, peKOMeHAyeTcn pa3Ae;iHTb 
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OTfleJIbHMMH npefl&XpaHHTejIHMH HJIH 
Cn«UHaJIbHbIM'H 3am,HTHblM'H aBTOMa- 
TaMH. 

C TOHKH 3peH'HH 6bICTpOTbl 
CTBHH H yiHOfícTBa OtfiCJiyjKHBaHHH sa- 
iUHTHbie aiBTOMaTbi lhmbiot 3nawrejib- 
Hwe inpBHMymeiCTBa nporaB njiaBKtrx 
íiipe^oxpaHHTejiefi.. lípa neperopaHaii 
npeaoxpaHHTejia nocjieAHaň AoJiaceH 
ĎbiTb 3aMeHeH tohho tskum ?Ke tipe- 
aoxpaHHTejieiM. npH c p 36 aTbi© aH h a 
3amHTHoro aBTOMara ero paóoaee 
IIOJIOýKCHHS ©0'CCTa.HaBJIHBaeTCH npo- 
CTbiM 'HaxíaTHCM iKHonKH. Ha 4>Hr. 

XIII, 3 ( noKa3aH oďihhh bha oajhoř 

H3 P a 3 H OBHA H OCTe ň 3amHTHoro aB- 
TOMaTa, a Hal^wr. XIII, 4a a XIII, 46— 
ero a ji eKTpOTe ck a a a KHHeMaTHaeciKaa 
cxeMbi bo BKjnoaeHHOM a OTKjnoaeH- 
hom oiojioaceHHax. 3amaTHUň aBTO- 
IM 3 T iHMeeT 3aBHCHM,yK> XapaKTepHCTH- 
«y c OTceaKoň. 3aiBHCHMaa xapaicre- 
pHCTHKa co3AaeTca c noMOinbio Tep- 
MOTecKaro 9Ji€MeHTa. Mrao©eHHoe 
aeňcTBBe i(oroe«iKa) co3AaeTca c no- 
'Moiubio sjíeKTpoMarHHTHxa. řípa »e- 
3Haq0TejibHbix npCBbiuieHHax hoimh- 
HaJibHoro TOKa A«ňcTByeT TepMane- 
ckhh 3JieMeHT aBTOMaTa npa Ďojibinofl 
KpaTHOCTH TOKa — SJIBKTpOMarHHTHlK. 

BpeMa AeňcTBHa 3amHTHoiro aB¬ 
TOMaTa paBHo nopa^Ky 0,25—0,5 ne- 
pHOAa nepeMeHHoro Tona npoMuní- 
jieHHofl AacTOTbi, hto HMeeT 6ojibiuoe 
3HaaeHwe ajih 'npeAOTBpameHHH nenpa- 
BHJIbHOTO AeHCTBHH COBpeMeHHbIX 6u- 
■CTpOAeHCTByiOmHX 3aiUHT npH Kopor- 
KHX 3aMWKaHHaX BO BTOipHBHblX Ue- 
nax Tpano<J)opMaTopoB HanpaiKeHHa. 

HeOĎXOAKMO OTMBTHTb, HTO BOn- 
,poc o6eoneqeHHa iniiTaHHa 3amHTHbix 
ycTpoHCTB iHanpaaceHHeM a nocroaH- 
HbSM TOKOIM aBJíaeTCa ©TBeTCTBeHiHblM 

h cjioachum. PaccMOTpeHHe ero bh- 
xoaht i3a ipaMKH HacToamefi Krom 
Oah3ko npa pa3pa6oTKe npoeicrá 
3amaTbi 3TOMy Bonpocy aoasího 6biTb yseJieHO 
cooTBeTCTByioiixee BHHMamie. 

4. PACKJIAAKA H KPEFIJ1EHHE nPOBOflOB 
HA nAHEJIflX 3A1U.HTH 

i 

řípa npacoeAHHeHHH pejie a pacKJiaAKe npo- 
boaob Ha naHejiax 3amaTbi aoahchu 6biTb oóecne- 

HeHbí: , 

1) HaAejKHaa h30ahuhh npoBOAOB a toko- 
Be^ymax Hacrefi annapaTypu ot }Kejie3a naHeJiefl 
a KapKacoB; 

2) OTcyrcTBae BaĎpauaa npoBOAOB a annapa¬ 
Typu; 
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4>ar. XIII, 5. MoHTaxtHasi cxeMa KOMiuiéKTa MaKCiiMajitnoii tokoboíí 3aiuHTbi. 


3) npocTOTa a yao 6 ctbo o6cjiyacaBaHaa. 

IIocTaBJíeHHbie Tpe6oBaHaa MoryT 6biTb bkiioji- 
HeHbl pa3JIBHHUMB CnOCOĎaMB. ÉAHHbIX npaBHJI, 
o6«3aTejibHUx ajih Bcex npoeKTHbix a CTpoaTejib- 
ho- MOiHTaiKHbix opraHasanHH, He ycTaHOBJíeHo. 
OAHaKO HMeiOTCH HeKOTopue oómae noAoxceHHH, 
KOTopbie Heo6xoAHMo yaaTUBaTb npa npoeKTupo- 
BaHiia a MOHTaace. 

PacKJiaAaa npoBOAOB Ha naHejinx 3aiuaTbi. Cv- 
mecTByeT ABa mapoKo pacnpocTpaHeHHbix cno- 
coda pacnoAOJKeHBH npoBOAOB Ha naHejiax a ax 
npacoeAHHeHHH k 333KHM3M peAe: 

1) cnocoó c nepeAHHM npacoeAHHeHaeM pe^e; 

2) cnoco6 c 3sahhm npacoeAHHeHaeM peAe. 









Ilofl nepeflHHM npncoeAHHeHHeM noHHMaeTCH 

Tanoe pacnojiojKemie, Kor^a h annapaTypa h npH- 
coeflHHHeMbie k Hefi npoBOAa pacnojiaraioxcH 
c jiHueBOň cTopoHbí naHeAH. noA 33Ahhm npH- 
coeAHHeHHeM—Tanoe, KorAa annapaTypa pacno- 
jiaraeTcn c jinneBoň ctopohh naHeAH, a npn- 
coeaHHneMbie k Heft npoBOAa — c »3aAHeň CTopoHbí 
naHejiH. Tot h ítpyroň cnoco6bi hmbiot cboh otho- 

CHTejIbHbie AOCTOHHCTBa H He^OCTaTKH. 

OcHOBHbie flocTOHHCTBa cnocoóa c nepeflHHM 
npacoeAHHeHHeM 3aKAK)HaiOTCH b tom, hto 
MOHTawHaa cxeMa 3amHTbi «a naHejin HMeeT Man- 
cHMajibHyro HarjiHAHocTb, 

Ha XIII, 5 npHBeAeHá naHejib Ma«cn- 

MajibHoň TOKOBoň 3amHTbi (JjHAepa 6,6 kV 
c nepeAHHM npHcoeAHHeHneM pejie. H 3 <})Hr. XIII, 5 
bhaho, hto npn xopomeň KOMnaHOBKe annapaTypbi 
h pacKjiaAKe npOBOAOB Ha naHeAH Aerno npocAe- 
AHTb 3a HanpaBAeHHeM KaxAoro npoBOAa ot 
KAeMMHoro paAa ao peAe h oópaTHo. Ilpa HaAH- 
HHH AO noJ1HHTejIbHbIX CXeM BHyTpeHHHX COeAHHe- 
hhh Ka>KAoro peAe MOHTaxHaa cxeMa 3aiu,HTbi 
b u,ejioM Ha naHeAH Aenco MoxceT 6biTb pa3o6paHa. 
3th ycAOBHH BecbMa oĎAernaiOT BbinoAHeHHe npo- 
BepKH aamHTbi. Ho cKa3aHHoe b noAHoň Mepe 
OCTaeTCH CnpaBeAAHBblM TOAbKO AAH CpaBHHTeAbHO 
npOCTHX 3aiH,HT. 

npaBHAbHOCTb CXeMbl CAOHÍHOŠ 3aiHHTbI npaKTH- 
necKH Bce paBHO He npeACTaBAHeTCH bosmojkhwm 
npoBepHTb Ha-rAa3 no HanpaBAeHHio npOBOAOB. 
J^onoAHHTeAbHaa npOBepKa HanaAa h KOHiia npo- 
BOAOB C nOMOIHblO 3BOHK3 HAH AaMnbl B 6oAb- 
uiHHCTBe CAynaeB hbahctch hcoďxoahmoh. B sthx 
yCAOBHHX paCKAaAKa npOBOAOB C AHHCBOH CTOpO- 
Hbi b 3HaHHTeAbHoň Mepe TepsieT cboh npeHMy- 
mecTBa. A Me>KAy TeM ajih nee TpeňyioTCH naHe¬ 
AH fíoAbuiero pa3Mepa, hto He BcerAa AonycKaerca 
pa3MepaMH noMemeHHH, b kotopom ohh Moryr 
6biTb ycTaHOBAeHbi. 

Ha coBpeMeHHbix ct3huhhx h noACTaHUHax, rAe 
npeAycMOTpeHbí cneimaAbHbie noMemeHHH aah pa3- 
MemeHHH iahtob peAeňHoň 3am,HTbi, 6oAee ueAeco- 
OĎpa3HbIM HBAHeTCH BbinOAHeHHe MOHTajKa C '3aA- 
hhm npHCoeAHHeHHeM peAe. 

C 3aAHefi CTopoHbí naHeAH, rAe annapaTypa 
OTcyTCTByeT, Bce npoBOAa MoryT óbiTb yAoweHbí 
b oahh caoh. HarAHAHOCTb cxeMbi b npeAĚAax ot 
KA eMMHOrO pHAa ao MeCT \lOACOeAHHeHHH K 3a- 
>KHMaM peAe mojkct 6biTb ofiecneneHa. 

KpenAeHHe npOBOAOB Ha xeAe3Hbix naHeAax. 
npH paCnOAOHíeHHH 3amHTHbIX yCTpOHCTB Ha 
?KeAe3Hbix naHeAHx hcoďxoahmo oSecneniiTb Ha- 
AejKHyro H30 ahhhk> npOBOAOB ot JKeAe3a. B npo- 
uecce MOHTa*a 3amHTbi. npOBOA noABepraeTCH 
HHCTpyMeHTaAbHoft očpaóoTKe: BbinpaMAeHHK), Ha- 
TH*Ke, H3ra6aM, 3aqncTKe kohhob, KpenAeHHio 
h t. n. npH TpaHcnopTHpoBKe, nepeópocKax h hh- 
CTpyMeHT3AbHOH OĎpafiOTKe B03M0JKHH MeCTHbie 
HapyuieHHH h30ahhhh nooBOAa, HanpHMep, h3aao- 
mh, npoKOAbi h t. n., KOTopbie He BcerAa MoryT 



4>Hr. XIII, 6. KpenaeHHe npOBOAOB Ha CKOĎKax. 


čbiTb oSHapyaceHbí ocmotpom h Aaxce 3AeKipn- 
necKoS npoBepKOš b npouecce npaeMKH 3amHTbí 
B SKCnAOaTaUHlO. 

npaKTHKa SKcnAoaTauHH ňoKa3aAa, hto noAo6- 
Hbie Ae(J)eKTbi H30ahuhh npoBOAa MoryT ocTaBaTb- 
CH HeBblHBAeHHblMH B TeHeHHB HeCKOAbKHX AeT. 
ŠamHTa MoaceT cnoKofiHO paóoTaTb h c stoh cto- 
pOHbl He BbI3bIBaTb HHK3KHX nOA03peHHÍI. OAHaKO 
c TeneHneM BpeMeHH H3oahhhh b MecTe . Aecj)eKTa 
npoĎHBaexcH h Bbi3HBaeT HenpaBHAbHoe AeflcTBHe 
HAH 0TK33 B AeHCTBHH 3aiIl,HTbI, HTO MOJKeT npH- 
BeCTH K B03HHKH0BeHHI0 HAH P33BHTHK) 3BapHH. 

CAeAyeT HMeTb B BHAy, hto H30AHHHH npOBOAOB 
AOA5KH3 6bITb paCCHHT3Ha He TOAbKO Ha HOMHHaAb- 

Hoe Hanp&JKeHHe hctohhhkob b uenax btophhhoíí 
KOMM yTauHH, HanpHMep, aKKyMyAHTOpHOH 6ara- 
pen 120 V h t. n. npaKTHKoň 3KcnAOaTauHH ycra- 

HOBAeHO, HTO B HenHX BTOpHHHOH KOMMyTaHHH 
MoryT HMeTb MecTo nepeHanpHweHHH HecraimoHap- 
Horo ndpHAKa, AocTHraiouiHe HecKOAbKO khaoboabt 
no oTHomeHHio k 3eMAe. noaTOMy paCKAaAKa npo- 
boaob HenocpeACTBeHHO Ha }KeAe3e naHeAeS ne 
AonycKaeTca. 

Ha 4)Hr. XIII, 6 , XIII, 7 h XIII, 8 noKa 3 aHbr 
Tpn cnocoóa pacKAaAKH h KpenAeHHH npOBOAOB na 
?KeAe3Hbix naHeAHx c oĎecneneHHeM HaAe*Hoii 
H30AHUHH. npOBOAa yKpenAHIOTCH Ha HeKOTOpOM 
paccTOHHHH ot naHeAH, HMea Ha BceM CBoeM npo- 
THJKeHHH B03AyUIHyK) H30AHUHK) nO OTHOUieHHK) 
K JKeAe3y. Pa3AHHHe 33KAIOHaeTC3 TOAbKO B cno- 
co6e KpenAeHHH npOBOAOB. 

Ha 4>Hr. XIII, 6 npoBOAa yKAaAbiBarorcH Ha 
HCeAe3HbIX CKOĎaX H npHKpenAHlOTCH K 3THM CKO- 

ifiaM xeAe3HbPMH HaKAaAKaMH. Ha 4)»r. XIII, 7 

npoBOAa y ka a abib aiOTC h Ha ?KeAe3Hbix cTepjKHnx, 
a Ha (Jjht. XIII, 8 yKAaAbiBaiOTCH h 3aKpenAHiOTCH 
B CneHHaAbHbIX npOKAaAKaX H3 H 30AHHHOHHOrO 
MaTepnaAa (KAHiiax). >KeAe3Hbie ckoďh h CTep*- 
HH ((})Hř. XIII, 6 H XIII, 7) AOAHÍHM 6|jITb Me- 
XaHHHeCKH yCTOHHHBblMH, He AonycKaiomHMH npo- 
rHÓOB h BHĎpauHH. MeACAy HaKAaAKaMH h cko- 
6a'MH (4>HT. XIII, 6) H JKeAe3HbIMH CTepHCHHMH 
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XIII,8. KpenfleHHe npoBOAOB na KJimtax. 

(tpur. XIII, 7) n p oka a a m b a erc h cjioh xopomeň 

H30AHUHH H IipHTOM TaK, MTOÓbl HaAHHHe H30A3UHH 
aerxo KOHTpojiHpoBajiocb rjia30M. 

KpenjieHHe npoBOAOB corjiacHo (jrnr. XIII, 8 hb- 
jiaeTca HanSojiee HaAea<HbiM. YRpenAaioiuHe npo- 
KJiaAKH caMH no ce6e npeucTaBAHioT xopomyK) 
h30ahuhk>. riosTOMy npoBOA HnrAe He MoaceT 
BMeTb COnpHKOCHOBeHHH C HíeAe 30 M. 

5. KJIEMMHblE CEOPKH H yCTPOHCTBA UJIfl 
H3MEPEHHH TOKOB B TOKOBblX U.EI1ÍIX 

Bce npoBOAa, noAxoumuHe k naHeAH 3aiuHTbi 
m yxoAHinne ot Hee, coĎHpaiOTCH Ha cneuHaAbHbix 
xjieMMHbix pauax — kacmmhhx cóopKax, pacnoAO- 
WeHHblX AJIH yAOňcTBa OĎCAyHCHBaHHH Ha BblCO- 

re 350—500 mm ot nojia. Bce pa3-beAHHeHHH h 
npncoeAHHeHHa npoBOAOB npH npoBepKax 3aiuHTbi, 
K2K npaBHAO, BbmOAHHIOTCH Ha 3THX KAeMMHbIX pa- 
aax. ripH pacnoAO>KeHHH KAeMMHoro paAa CAeAyeT 
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yAHTbIBaTb OTBeTCTBeHHOCTb K3JKA0H H3 ueneíi, 

noAXOAHmeň k naHeAH 3amHTbi. HanpHMep, HeAb3H 
AonycKaTb pacnojioAceHna KAeMMbi naioca ot 
aKKyMyAHTopHoň SaTapen phaom c kacmmoh npo- 
BOAa, yxoAHmero Ha oTKAioueHHe BHKAiouaTeAH, 
eCAH OTKAIOaeHHe BblKAIOHaTeAH npOH3BOAHTCH no- 
Aaaefi naioca nocToaHHoro Toxa. CAyaaflHoe 3 a- 
MUKaHHe MeKAY 3THMH KAeMM3MH, npOH3BCA6HHOe 
kohhom oroAeHHOro npoBOAa, naueHHeM bhht3 hah 
OTB epTKOH, BbI3bIBaeT OTKAKJHeHHe BblKAIOaaTeAH. 

KAeMMHaa c6opxa AOA5KHa 6bm> BbinoAHeHa 
TaKHM o6pa30M, HToObi 6huia oĎecneaeHa noAHaa 
B03MOHCHOCTb npOH3BOAHTb OnepaUHH C OAHOH H3 
ueneň, He 3aTparnBaa Apyrnx. 

OcoObie Tp'e60B3HHH npeATjHBAHIOTCa K KAeM- 
MaM TOKOBbix uenefi. .Hah H3MepeHHa TOKa b uenH',‘ 
KaK H3BeCTHO, HeOĎXOAHMQ HenOCpeACTBeHHO BKAIO- 
HHTb b 3Ty itenb aMnepMeTp. IlpH stom pa3pbiB 
BTOpHHHOH UenH TpaHC(j)OpMaTOpOB TOKa HBAHeTCH 
HeAonycTHMbiM, TaK KaK sto conpaa<eHo c onac- 
HOCTbK) aah nepcoHaaa h c B 03 MoacHocTbio npoňoa 

H 30 AHUHH KaK npOBOAQB, T 3 K H C 3 MHX TpaHC^op- 
MaTopoB TOKa. IIoaTOMy KAeMMbi TOKOBbix ueneň 
Ha KAeMMHOŮ CĎOpKe UtHTa peAeHHOH 3 am«TH 
AOA/KHbl ’ 6 bITb BbinOAHeHbl TaKHM OĎpa 30 M, MTOÓbl 
MOJKHO 6 bIAO BKAIOaaTb H OTKAIOHaTb H 3 MepHTeAb- 
Hbie npHÓopbi 6 e 3 pa 3 pHBa ueneň. 3 to MoaceT 
ObITb AOCTHTHyTO pa 3 AHHHbIMH nyTHMH C HCn 0 Ab 30 - 
B 3 HHeM HAH 6 e 3 HCnOAb 30 B 3 HHa CneHHaAbHbIX 
KCnbITaTeAbHbIX KAeMM HAH CneUHaAbHbIX HCnblTa- 
TeAbHblX ÓAOKOB. 

Ha 4 >ht. XIII, 9a h nyHKTHpOM Ha (Jmr. XIII, 16 
noKa3aH cnocoó BKAioneHHa aMnepMeTpa b to- 
KOByio uenb 3auj,HTbi 6e3 HaAHqna HcnbrraTeAbHbix 
KAeMM CnenHaAbHOH KOHCTpyKHHH. - 

npOBOA ot Tpanc(j)opMaTopa TOKa 3aKpenAaeT- 
ca BHHTaMH a, HanpHMep, b HHatHeň aacTH kacm- 
mh 1. K peA6 npoBOA yxoAHT ot BepxHeň aacra 
BTOpOfi KAeMMbi 2, paCnOAOHCeHHOfi pHAOM 
c nepBoň. CoeAHHeiiHe Meacuy KAeMMaMH / h 2 
BbinoAHaeTca c noMoin,í>io bhhtob 6 h nepexoAHoň 
nAacTHHKH d. O6pa30BaHHa nenn MeacAy npoBOAa- 
MH, nAaCTHHKOň H KAeMMOfi M05KH0 BHACTb Ha 
4>HT. XIII, 96. npH JKeAaHHH BKAIOHHTb H3MepH- 
TeAbHHň npHÓop nocAeAOBaTeAbHo b uenb hqo6- 
xoahmo npoH3BecTH CAeAyiomHe onepauHH. CHaaa- 
Aa noAcoeAHHHTb h 3aKpenHTb kohuu npoBOAOB ot 
npHÓopa k cboďoahhm 3a*HMaM e h z kacmm 1 
h 2. ŠaTeM yAaAHTb bhhth 6, c TeM HTo6bi Hapy- 
uiHAOcb coeAHHeHHe Me>KAy KAeMMaMH 1 h 2 aepe3 
nepexoAHyio nAacTHHKy d. TorAa uenb Toxa ot 
nepBOfi KAeMMbi KO BTOpOH OCTaeTCH 33MKHyTOH 
TOAbKO qepe3 H3MepHTeAbHbiň npnóop. Ajih BoccTa- 
HOBAeHHa HopMaAbHoro noAoaceHHH cxeMbi Heoňxo- 
ahmo npoH3BecTH Te a<e onepauHH, ho b oópaTHoň 
nocAeAOBaTeAbHocm 

HanĎOAee HarAaAHO h yAoĎHo mojkho BbinoA- 
HHTb Te ace onepauHH npH HaAHHHH KAeMM cne- 
UHaAbHofl KOHCTpyKUHH. Ha (J)Hr. XIII, 10a noKa3a- 
ua MeTaAAHaecKaa aacTb oahoř H3 pa3HpBHAHo- 












cTeíi KjieMMbi cneuHajibHofl kohctpykuhh a jih toko- 
Bbix nenež b HopMajibHOM padoneM coctohhhh cxe- 
Mbl. Kax BHflHO H3 HepTeHCa, OCHOBHOe TejlO 
KjieMMbi coctoht H3 flByx qaereft; coe/iHHeHHe 
mokay hhmh BbinojiHHeTCH c noMomwo nepexoA- 
hoh njiacTHHKH d, 3aKpenjiHeMoft bhht3mh 6-6 
A KawAOH nojiOBHHe ocHOBHoro Tejia KAeMMbi. Ha 
JíajKAOH nOJIOBHHe HMeeTCH TpH BHHT3. riOA BHH- 
Tbi a-a 3aKpenjiHiOTCH kohuh npOBOAa tokoboh 
nenH 3 auiHTbi. Bhhth 6-§ cAyxsaT a jih 3aKpenjie- 
hhh nepexoAHoň nAacraHKH d. Bhhth e-e b Hop- 


HHH. IlOMHMO npOHHOCTH H HHCTOTbl odpadOTKH 

bhht AOAHíeH 'HM€Tb {4>«r. XIII, 10r): UIHpHHy 
roAOBKH 5 -i- 8 mm aah padorai c HopMaAbHoň 
MOHTepcKoš OTBepTKoň; AnaMeTp BHHTa 5 mm; 
AAHHy BHHTa nopHAKa 10 mm aah 3aKpenjieHiiH 
AByx npoBOAOB; KOHHqecKyio <j>opMy KOHua aah 
oÓAeneHHH nonaAaHHH b Hape3Ky h mefixy aah 
H aAexHoro 3aKpenjieHHH npoBOAOB Majioro ceqe- 
hhh h ruiacTHHqaTHX nepeMbiqeK. 

. npHBeAeHHbie KOHCTpyKUHH HcnbiTaTejibHbix 
KAeMM He HBJIHIOTCH eAHHCTBeHHblMH. OAHaKO, He- 



30B3HHH 3a)KHM0B 3aKpuToro THna. 


<í>Hr. XIII,10. BoioqeHHe aMnepMeTpa npn Hcno;ib30BaHHH 3aacHMOB 

OTKpbiToro THna. 


MajIbHbIX VCJIOBHHX OCTaiOTCH CBOdOAHHMH. IIpH 
jxejiaHHH BKAioqHTb b paccMaTpHBaeMyio uenb 
h 3 m epHTejibHbifl npndop HeodxoAHMo CHaqaAa iioa- 
•COeAHHHTb KOHUH npOBOAOB OT H3MepHTeAbHOTO 
npHĎOpa CB 060 AHHMH BHHT 3 MH 6 - 6 , 3 aTeM OCAa- 
ĎHTb bhhth 6-6 h onycTHTb njiacTHHKy d. ll,enb to- 
Ka nocjie aroro oKaxeTCH 3aMKHyTOň TOJibKO uepe3 
npHČOp, HTO MOJKHO BHASTb H3 CXeMH (JlHT. XIII, 106. 
,n P H BOCCT3HOBAeHHH HOpM3AbHOH CXeMbl HeodxO- 
ahmo noBTopHTb Te ace onepauHH, ho b odparaoň 
uocAeAOBaieAbHOCTH. TaKHM o6pa30M BKjnoueHHe 
h OTKJiioqeHHe H3MepHTejibHoro npHdopa MoryT 
dbiTb npoH3BeAeHbi 6e3 pa3pbiBa tokoboř nenn. 

OCHOBHblM HeAOCTaTKOM dOAblHHHCTBa KOH- 
CTpyKUHH HCnHT3T6AbHHX KAeMM HBAHeTCH CpaBHH- 
TeAbHan cAO*HOCTb hx npoH3BOACTBa. B nocAeAHee 
BpeMH b MocsHepro pa3pa6oTaHa KJieMMa BecbMa 
npocTofi KOHCTpyKUHH. Bokoboíi ee bha noKa3aH 
na 4>Hr. XIII, 10b. 

BcAeACTBHe toto hto Bce coeAHHeHHH h nepe- 

COeAHHeHHH npOBOAOB BTOpHHHOH KOMMyTaUHH BH- 
HOJIHHIOTCH C nOMOIUbK) BHHTOB, K KaueCTBy BbinOA- 
HeHHH BHHTOB npeAT>HBAHK)TCH OCOÓbie Tped.OBa- 


CMOTpH Ha pa3HOo6pa3He KOHCTpyKUHfi, OCHOBHbie 
h npHHUHnuajibHHe nojioAceHHH aah Bcex OCTaiOTCH 

OĎIUHMH. 

Ha (Jjht. XIII, 9a h 6 npHBeAeHa KAeMM a 3a- 
KpuToro THna, t. e. Bee AaTyHHoe TeAo KAeMMbi, 
noKa3aHHoe Ha uepTOKe, ckphto b 4>ap(j)ope. flo- 

CTyiIHHMH AAH TAa3a OCTaiOTCH TOAbKO TOAOBKH 
3aKpeiIAHIOIUHX BHHTOB C H 6 H nepeXOAHaH IIAa- 
CTHHKa d i(<J)Hr. XIII, 11). .Hoctorhctbo raKoro THna 
KAeMMbi 3aKAionaeTCH b tom, hto oHa He TpedyeT 
BHnOAHeHHH KOHUeBblX KOAbHHKOB aah 3aKpenne- 
HHH npoBOAOB. 

Tanofi cnocod npHCoeAHHeHHH npoBOAOB ynpo- 
maeT h ycKopneT paóoTy npH Monraníe 3amHTbi. 
OAHaKO b KAeMMe 3aKpbiToro raná hmciotch Becb- 
Ma cymecTBeHHbie HeAOCTaraH. Ochobhhm H3 He- 
A0CT3TK0B HBAHeTCH TO, l ITO KaueCTBO TIpOBOAHMOH 
onepauHH He MOJKeT dHTb npOKOHTpOAHpOBaHO TA3- 
3 om. IIpouHocTb 33KpenAeHHH npOBOAa onpeAe- 
AHeTCH 0TK330M B AAAbHeňineM nOBOpOTe Kpenn- 
TeAbHblX BHHTOB. ECAH JKe BHHT OK3>KeTCH He- 
HcnpaBHbíM hah b OTBepcrae npOBOAa nonaAyT 
OCKOAKH <J)ap<|)Opa HAH K3KOH-AH6 o Apyroň nOCTO- 
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PohhhS npeflMeT, to npoBOA Mo*eT 0Ka3aTtcH 
3 a KpenJieHHbíM njioxo, hto b KOneqHOM HTore npn- 
EseaeT k pa3pbmy uenn. KpOMe Toro npn njioxoft 
oópaĎOTKe kohuob 3aKpenjiaiomHX bhhtob bo3- 
mojkhh HapyuieHHH uejiocTHOcra Tejia npOBOAa 
(nepeKycuBaHHe) h pa3pbiBbi uenH. 

C uejibio HCKJiioqeHHH bo3mojkhocth noBpe*ae- 
HHH npOBOAa BHHT3MH HeKOTOpbie 4>HpMH H3rOTOB- 
AHIOT KJieMMbl, y KQTOpbIX 335KHM npOBOAa 
b KJieMMe npoH3BOAHTca He HenocpeACTBeHHo 
kohuom BHHTa, a cnepHajibHOH njiacTHHKofl, 
KOTopaa HMeet cBoóoAHoe cueruieHHe c bhhtom 



4>nr. XIII.l 1. KJieMMHaa c6op«a c aaacHMauH 3aKp >iToro 
Tuna. 



fíjjsamiňn. 


Tem 

knejAMbt 


4>hi\ XIII, 12. 3a>KHM 3 ídkhmhoh njiacTH^KOH. 


($ar. XIII, 12). Oah3ko Taxaa KOHCTpyKUHH KJieM- 
Mbi nojiyqaexca BecbMa cjioschoh aah H3r0T0BJie- 

HHH. 

B KJieMMe oTKpbiToro Tana, noKa 3 aHHoft Ha 
4»rir. XIII, 10 a h 6, noAOÓHbie HeAOCTaTKH OTcyr- 
CTByiOT. JlaTyHHOe TejIO KJieMMbl h bhhth, 33JKH- 
MaiomHe npoBoa, ocTaioTca otkphthmh aah rjia3a 
(tj)Hr. XIII, 13). CjieAOBaTejibHO, BcaKaa onepauna 
no OTCoeAHHeHHio h ofipaTHOMy npHcoeAHHeHHio 
IlpOBOAOB eBOÓOAHO MOHíeT ÓbITb npOKOHTpOAHpO- 
BaHa rjia 30 M. 3to b 3HaqHTejibHoň Mepe noBbiiuaeT 
HaAeiKHocTb &KcnjioaTauHH samHTU. 

C ueAbio ynpomeHHa onepauHH npa npOBepKax 
3amaTbi 3a nocAeAHee BpeMa npHMeHaiOTca cne- 
UHajibHbie HcnbiTaTejibHbie ycTpoňcTBa, Ha3HBaeMbie 
H CIIMT 3Te JlbHbl M H (TeCT) ÓAOKaMH XIII, 14). 

HcnbiTaTejibHbie óaokh BbinojiHaiOTca mhotokoh- 
T3KTHbIMH, TaK HTO Hepe3 KaJKAblH H3 ÓAOKOB MO- 
weT 6uTb OAHOBpeMeHHo 3aBeAeHO HecKOAbKo ue- 
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neň. McnbiTaxejibHbiň óaok coctoht H3 AByx ochob- 
hhx Hacrefl. OAlHa aacrb aBAaerca ocHOBaHHeM 
hah KopnycoM HcnbiTaxejibHoro óJioxa h ycTaHaBjín- 
BaeTca Ha naHeAH 3aiuHTbi, Tax xce KaK h peae. 
BTopaa qacTb npeACTaBAHer coóoů BCTaBKy (koh- 
TpoAbHbiň uiTencejib), HcnoAb3yeMyio hah aah pa 3 - 
pbma uenefl HanpHxeHHH h nocTOHHHoro to ks 
hah ajih noAcoeAHHeHHH npnóopoB Ha nepnoA npo- 
H3BOACTB3 3aMepOB B HenHX TOKa. 

Mepea KOHTaKTbi sopnyca HcnbiraTeAbHoro 
ÓAOK3 33BOAHTCH uenH 33LAHTbI npH MOHTaíKe if 
TaK OCTaiOTCH Ha BCe BpeMH HOpMaAbHOH paňOTbl. 



•řnr, XIII,14. 06 uihh bhh HcnMTaTeabHoro 6jiona b pasoM- 

KHyTOM HOJIOHCeHHH. 

EcAH HeOĎXOAHMO npOH3BeCTH 33MepbI TOKOB 
B onpeAeAeHHbix uenax, npOBOAa ot H3MepHTeAb- 
Horo npnóopa 3apaHee npncoeAHHHioTCH k coot- 
BeTCTByiOmHM KOHT3KTaM KOHTpOAbHOTO iirrenceAH, 
nocAe aero KOHTpoAbHbiš. uiTencejib b k a a a bi b a e r c h 
B OCHOBaHHe HCnbITaTeAbHOrO ÓAOKa. npH 3 TOM 
KOHTaKTbi HcnbiTaTeAbHoro ÓAOKa a bt o m atx;qec kh 
cHanaAa 3aMbiKaiOT uenb Ha npHÓop, a 3aTew pa3- 
MbiKaiOT KOHTaKTbi Kopnyca HcnbiTaTeAbHoro óao- 
Ka. TaKHM oópa30M BKAioqeHHe npHÓopa ocy- 
mecTBAHeTca óe3 pa3pbiBa tokoboh perm. ripn 

BblHHMaHHH ’ KOHTpOAbHOrO HiTenceAH HBAeHHH 

npOHCXOAHT b oópaTHOM nopHAKe. Ha 4>Hr. XIII, 15 
noKa3aHa cxeMa aah HcnbiTaHHH peAe moiuhoctm 
c noMombio HcnbiTaTeAbHoro . ÓAOKa. HcnbixaxeAb- 
Hbie óaokh oqeiib yAoÓHbí h stiaqHxejibiío ycKO- 
psnoT npouecc HcnbiTaHHH 3amHTbi. OAHaKo npw 
hx ycTaHOBKe HeoóxoAHMO oépamaTb BHHMaHHe 
Ha peryAHpoBKy h nporaocTb hx koht3ktob, c TeM 
HTOóbi oóecneqHTb HaAexíHOCTb coeAHHeHHH ue- 
nefi. 




«. MAPKHPOBKA BTOPHMHbIX 
UEÍIEPI 3A1U.HTW 


SjíeMeHTbi, iBXOAflmae b cxe- 
\iy 3amHTbi, TeppHTopHaJibHO 1 pac- 
nojro>KeHbi ib pa3JiHHHbrx MecTax. 
CoeilHHeHHH OTaejIbHbIX 3JI€MCH- 
it>b ,b oňmyio cxeMy 3am«Tbi 
npoH3BOAHTCH c inoMombio npo- 
BoaoB a jcaĎejieS. řípa oócjiv- 

ŽKHBaHHH 3amHTbI flOCTynHblMH 
a.na rjia3a npaKTHHecKH abjihiot- 
OH TOJIbKO naHeJIH 3aiUHTM H 
iKOHUbi >khji KaSejieS «a 
HblX cSopKaX. npH BeCbMa ÓOJlb- 
moM Kojimecr&e npoBoaoB. 
Tueim a KaSejieň cacieMa hx 
ycjiobhhx o6o3HaaeHHH, ’ Ha3bi- 
Bae.Maa MapkapOBKoň, HMeer 
óojibiuoe 3HaqenHe jxjih 'cx6cjiy- 
>KHBaHHH 3amHTbI. OcHOBHOft 
rpeSoBaHae, npeaBaBjíaeMoe k 
MapKHposKe, 3 aKJiK)qaercH b 
TOM, BTOÓbl M apKHpOBKa 6bIJia 
lipOCTOň B nOHHTHOH. 3 to b 
3HaaHTejibHOH Mepe ycKopaeT 
npouecc paSoTbi a acKjnoaaeT 
BO3MO>KH0CTb OUIHÓOK. CaCTeMbl 
313 p!KH p OBKH BeCbMa pa'3Hpo5- 
pa3Hbr; Haa6ojiee xapaKTepabma 
H3 aax aBJíaioTca: 1) na^paBaa, 
2) cBMBOJiaaecKaa a 3) ÓyBBea- 

HO-CMbICJIOBaa. 

lípa ua<}>poBofi cacTeMe 3a 
KajKAblM HaHMCHOBaHaeM, OTHO- 
ohui,hmch ik sjíeMeHTy .ctóopyAo- 
BaHaa, aaKpenjiaeTca oiwejibHaa 
uacjjpa. 3ra nacjipa Haanacbi- 
saeTca Ha ooieMMax a mpocoAax 
bo Bcex MecTax, rje nepcoHaJiy 
ffipaxpuHTca padoraTb c stbmb 
uenaMa. B pe3yjibTaie nany- 
aaerca uejiaa cacreMa uatjípo- 
Bbix 3Ha'KOB, 3Haa KOTOpbre nep- 
COHajI HMeeT BO3Mv>JKH0CTb pa- 

3o6paTbca b cxeMe 3aíuaTH a 
oape^ejiaTb HanpaBJíeHae ju oín- 
ro irooBoma hjih KaSejia. 

řípa cHMBOjiHaecKoft cacTeMe 
o6o3Haa©HHH » Ha KJieMMax h 
npoBO&ax HaMiHCbraaiOTca coot- 
BercTByroiHae ycjioBHbre 3HaiKH, 
iipaHHTbie npa acnojiHeHaa npo- 
©Kra. 
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B raĎJi. XIII, 1 npHBe,neHo HecKOjibKo aacTO reHepaTopa, H3 kotopoh bh^ho, hto Ha KajKAoa as 
ynoTpeójiaeMwx chmbojiob, pacuia^pOBaHHbix b ee kjicmm KjieMMHoa cóopKa, pacnojiojKeHHoň ne- 
npaBoa rpac})e. nocpeACTBeHHo BHHčjy naHejia, HaHeceHw onpe- 

ZIjIH HJIJHOCTpaUHH HCn0JIb30BaHHH 9T0H CHCTe- AeJieHHHe yCJIOBHbie 3H3KH. 3Haa CMbJCJI KajKAOrO 
mw Ha 4>nr. XIII, 16 npHBeAeHa MOHrajKHaa cxeMa 3Haaa, Jierao onpeAejiarb HanpaBJíeHae KaacAoro 
npoAOJibHoň AH(j)epeHH,aajibHoa tokoboíí 3amHTbi npoBOAa, OTXOAamero ot AaHHoro KjieMMHHKa, aax 
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Taújiuna XI 11,1 


<f>nr. XIII,i6. MoHTaavHan cxeMa npoaoJibHoíi 
AH(})epeHunajibHOH tokoboíí 3amnTbi reHeparopa 
c HaHeceHiieM chmesojihmcckoh MapKiipoBKH. 

B ; CTOpony naHejiH, TaK h b cTopoHy coeflHHHTejib- 
hwx Kaéejieft. HanpHMep, Kaóejib, coeflHHHiomHň 
rpynny BHeuiHHX TpaHC(})opMaTopoB TOKa reHepa- 
TOpa c naHejibK) AH(f>epeHUHaAbHOM 3aiu,HTbi Ha 
mHTe ynpaBjíeHHH, HMeeT 3 H 2 kh: 15 I\ 24 LU,, 1. 
CMMCJI 3THX o603Ha»ieHHH B AaHHOM A 3 CTHOM 
cjiyqae 3aKjnoAaeTca b cjieayromeM: Kafiejib N° 1 
coeAHHneT HHeHKy N° 15 T reHepaTopa c naHejibio 
Ní 24 LU iHHTa ynpaBjíeHHH. " 

Bce JKHJIbl, OTXOAHmHe OT KJieMMHHKa BHH3, 
06 T>eAHHHK)TCH HeCKOJIbKHMH KaÓejIHMH, KOTOpbie 
yxoAHx b cooTBeTCTByiomHx HanpaBjíeHHHX. 

Ka5KAa« 5KHJia, 3aKJiK>qeHHaa b AaHHbifi Kaóejib, 
TaK>Ke HMeeT cboh ycjiOBHuň 3HaK. HanpHMep, 
ycjioBHbiH 3H3K TpaHCcjiopMaTopa Toxa 03HanaeT, 
ATO npOTHBOnOJIOJKHblH KOHeU, AaHHOft JKHAbl Ka- 
6eAH npncoeAHHeH k TpaHC<j)opMaTopy TOKa; 
yCAOBHblfí 3H3K peAe nOKa3bIBaeT, ATO AaHHaH 
>KHAa npHCoeAHHneTCH k cooTBeTCTByiomeMy raný 
pejie h t. n. 

IlpeHMymecTBo uh^poboh cHCTeMbi nepeA chm- 
BOAHHeCKOŘ 3aKAIOAaeTCH B TOM, ATO OHa HMeeT 
BecbMa npocToe h AOCTynHoe HcnoAHeHHe. He- 

A0CT3T0K 5Ke UHíjjpOBOH CHCTeMbi COCTOHT B TOM, 
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yCJIOBHbie 3H3KH 

3Ha^eHHH 

*<+ 

ÍIjiioc ynpaBjíeHHH (ncecTKHH) 

y 

MnHyc ynpaBjíeHHH 

KK 

KoHTpojibHan KJieMMa 

Kil 

KOHTaKT IIOCTOHHHOrO TOK3 

CB 

CojieHOHfl oTKJiioHemiH 

§ 

3a3eMjieHHe 

TpaHc^opMaiop HanpH>Kemi« 


TpaHC^opMaiop TOKa 

§ ^ 

0 

npOMeHíyTOMHoe pejie 


JXufyepeHixmjibHoe pejie 















qTo ee o6o3HaneHHH He HanoMHHaiOT o cMbicjie 
npHHHTbix 3H3KOB. 3to 3aTpy,UHHeT H3yueHne 
UH(j3poBbix cHCTeM, a cjieflOBaTejibHO, h paĎOTy 
c Heft bo BTopH^Hbix uenax. 

IIpeHMymecTBo CHMBOjiHnecKOH CHCTeMbi 3a- 
KJiioqaeTCH b tom, hto KaxtAbiH ee 3H3K cbh 33H 
C XOpOUIO H3BeCTHbIM H OÓlUenpHHHTbIM CHMBOJIOM, 
Hcnojib3yeMbiM b TexHHqecKoň jiHTepaType. IIo- 
3T0My ee H3yqeHne h paSoia c Hen bo BTOpHHHbix 
uenHX oóJiemaiOTCH. 

HeUOCTaTKOM CHMBOJIHHeCKOH CHCTeMbi MapKH¬ 
pOBKH HBJIHeTCH Tpy&HOCTb ee HCnOJIHeHHH. 

Ha XIII, 17 b KaqecTBe npHMepa npHBe- 
ueH nepTejK mecTHMecTHoro KjieMMHHKa c HaHece- 
HHeM HeCKOJIbKHX 3H3KOB MapKHpOBKH ĎyKBeHHO- 
cMbicjioBoň CHCTeMbi. 3Ta me CHCTeM a MapKHpoB- 
kh Hcnojib30BaHa Ha cxeMe, npe^CTaBjíeHHoS Ha 
(j)Hr. XIII, 5. 

yCJIOBHbie 3H3KH KO H KB JieTKO yBH3bIBaiOTCH 
co cbohm 3HaqeHHeM «KaTyiHKa OTKJiioqeHHH» h 
«K aiyuiKa BKjHOHeHHH». 06o3HaqeHHe ueneň TOKa 
(j)a3 )K, K H 3 yCJIOBHblMH 3H3K3MH T>K, Tk H T3 
Tame BnojiHe noHHTHO h jierKo 3anoMHHaeTCH. 

B Ta6ji. XIII, 2 npHBeaeHa pacuiH(})poBKa He- 

CKOJIbKHX 3H3KOB ÓyKBeHHO-CMblCJIOBOH CHCTeMbi. 
ÍIpHMepHO T3KHM TKe nyTeM 0603HaHai0TCH H Apy- 
rne ajieMeHTbi. 

TaÓAuqa XIII,2 


yCJIOBHblH 

3H3K 

3 Haqenne 

Thí 

Tok }KejiTOí 1 (J)a 3 H 

Tk 

Tok KpacHoři 4 >a 3 H 

t 3 

Tok 3 eJieHOH $a 3 bi 

To 

Hy^eBofi npoBOu tokoboh uenn 

i 

ílaioc nHTaHHJí ueneii 3 amHTbi 

— 

MHHyc nmaHHH uenefi 3 amHTbi 

ía 

to 

npOBOji cnrHajiH 3 auHH nojio>KeHHH pa 37 ieuH- 
HHTeJIH C nOMOIUbK) JiaMnbI COOTBeTCTBeH- 
HO nepBOH H BTOpOH CHCTeMbi IÍIHH 

3b 

SByKOBoří CHrHaji aBapHHHoro OTKJiioqeHHíi 
Mac/iHHoro BbiKJiioqaTeJiH 


OhpmueH CkpauieH 

ůkpacHbtú OkpauieHb/6 3e/feHb/á udem ŮhpacHbtú 

ufiem r A --v ^u, 6 em 



■1 

m 






■1 


gs 

1 



| 

1 



?ww 


fjkpauien v -v- y x Okpauuen 

6 kpacHbiií OkpaiueHbí 6 3eneHbiu u,čem 8kpacHb/ú 
údem lidem 

<í>Hr. XIII, 17. KjieMMHaH cóopKa c óyKBeHHO-CMbicaoBoi 

MapKHpOBKOH. 


npH JIIOĎOH CHCTeMe MapKHpOBKH ÓOJIbIHO£ 
^onojiHHTejibHoe y^očcTBO npeflCTaBjíneT oKpacxa 
npoBOAOB. CncTeMa ubctob MoxceT ĎbiTb caMoit 
P33JIHHHOH* npH JIIOĎOH CHCTeMe OKpaCKH pa3JIH<í- 
Hbie uenn pe3K0 BbmejiniOTCH. H3BecTHO, HanpH 
Mep, hto ajieMeHTbi oóopy^oBaHHH, npHHa/uie>Ka~ 
mne k (J>a3aM A, B h C, OKpaniHBaiOTCH cooTBer- 
CTBeHHO B HCeJITbIH, KpaCHbIH H 3eJieHbIH UBeTa. 
B Te 7Ke uBeTa flonojiHHTejibHo k MapKHpoBKe 
MoryT óbiTb OKpameHbí h BTopHHHbie uenn. 

B KanecTBe BTOporo yfloĎHoro cnocoSa OKpacKH 
npoBo^oB npHMeHneTCH CHCTeMa, npH KOTopoii Bce 
TOKOBbie uenn OKpaiHHBaiOTCH B OAHH UBeT, H3' 
npHMep, 3ejieHbifl, uenn HanpHJkeHHH — b aíejiTbiík 
uenn nocTOHHHoro Tona, HMeiomne coeAHHeiiKH 
c njiiocoM, — b KpacHbiň, a HMeiomne coe^HHeHHe 
C MHHyCOM — B CHHHH UBeT H T. n. 

CHCTeMa MapKHpOBKH C AOnOJIHHTeJlbHOfí 
oKpacKoň npoBOAOB b ycjioBHbie UBeTa no 3 BOjiHeT 
cboďo^ho pa3ĎHpaTbCH b cxeMax 3amHTbi na 
MeCTe HX HCnOJIHeHHH. 

Xoporno BbinojiHeHHan CHCTeMa o6o3HaqeHHH k 
B bi^epHcaHHaH OKpacxa npoBOflOB hjih KOHueBbix 

ĎHpOK B COOTBeTCTByiOmHe UBeTa n03B0JI5H0T 
cpaBHHTejibHO jienco wraTb MOHTaxcHyio cxeMv 
KaK Ha mHTe ynpaBJíeHHH, TaK h Ha npoMejKyToq- 
HbIX KJieMMHblX CĎOpKaX. 

JXaTb OKOHqaTejibHyio oueHKy HeocnopHMbi> 
npeHMymecTB toh hjih hhoh CHCTeMbi MapknpoBKK 
• 3aTpyflHHTejibHo. KaaqjaH H3 CHCTeM b KOHeqnoivr 
HTore MOTKeT SbiTb xoporno pa3pa6oTaHa h bh- 
nojiHeHa, TaK hto pa3Ďop moht3>khoh cxeMbi ne 

C0CT3BHT OCOĎblX 3aTpy^HeHHH. BaXCHO OTMCTHTb 
TOJIbKO TO, HTO XOpOUIO pa3paĎOTaHHaH H BbinOJT- 
HeHHan CHCTeMa ycjioBHbix o6o3HaueHHň HMeer 
BecbMa cymecTBeHHoe 3HaueHHe ajih 6e3aBapnk- 
HOH sKcnjioaTauHH 3aiUHTbI. 
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TJIABA XIV 

3KCnJ10ATAUH5l PEJIEflHOH 3ALU,HTbI 


1. OBTjEM pabot 

3KcnjioaTauHH pejieňHoft 3auiHTbi 3aKJiK>Haer 
s ce6e cjie^yiomMe ocnoBHbie Bonpocu: 

1) onpeflejieHHe cootbctctbhh HMeiomHxcH hjih 
BHOB b yCTaHOBJíeHHbIX 3aiUHT KOHKpeTHHM yCJIO- 
BHHM paSOTbí flaHHOÍÍ SHepTOCHCTeMbl HJIH OTAeJIb- 
Hbix ee sjíeMeHTOB; 

2 ) pacner napaMeTpoB h HacTpofiKa 3 am,HT 
Ha cooTBeTCTByiomHe napaMeTpbi npHMeHHTejibHo 
K H 3 MeHHK)IUHMCH yCJIOBHHM paĎOTbl 3 HepT 0 CHCTe- 
Mbl HJIH OTflejIbHUX ee 3 JieMeHT 0 BJ 

3 ) pa3pa6oTKa nporpaMM h HHCTpyKiiHft no 
o6cjiy*HBaHHio h npoBepKaM 3amnT Ha, Mecrax 
yCT 3 HOBKH npHMeHHTejIbHO K KOHKpeTHblM yCJIO- 
bhhm h nepcoHajiy, HMeiomeMy pa3JiHHHoe otho- 
rneHHe k 3amHTe; 

4) pa3pa6oTKa mctoaob npoBepKH h npoBe/ie- 
HHe npoBepKH 3auiHT; 

5) KOHTpOJIb 3a COCTOSHHeM 3aiIIHT B yCJIOBHHX 
3 KciiJioaTauHH; 

6) aHajiH3, H3yneHHe h yieT noBeaeHHsi 3am,iiT 
B pa3JIHHHbIX yCJIOBHHX; 

7 ) peKOHCTpyKUHH cymecTByioiiiHX 3 auiHT 
c TeM, HTOÓbi ohh nojiHee OTBeuajiH TpefioBaHHHM 
SbICTpOTbl H CejieKTHBHOCTH fleftCTBHH, npHMeHH- 
TejIbHO K yCJIOBHHM paĎOTbl CHCTeMbl H OTAejIbHbIX 

ee 3 JieMeHTOB. 

2 . OnPEflEJIEHHE COOTBETCTBHH 3AIUHT . 
yCJIOBHHM PABOTbl CHCTEMbl H OTflEJIbHblX 
EE 3J1EMEHT0B 

B pa3Hoe BpeMH, b pa3Hux Mecxax k Aeii- 
CTByromeS sHeprocncTeMe noAKJiiouaiOTCH HOBbie 
CTaHUHH h noacTaHUHH. HpH pa3pa6orae npoeKTa 
hoboh CTaHUHH hjih noACTaHUHH pa3padaTbiBaeTCH 
m npoeKT 3amHTbi ee oÓopyAOBaHHH, a TaioKe 
aaiUHTU JIHHHH, COeAHHHIOIUHX AaHHyiO CTaHUHK) 
hjih noacTaHUHio c uencTByiomeft chctcmoh. JI jih 
T ipoeKTHoft opraHH3auHH He Bcerua npeACTaBjíneT- 
CH B03M05KHMM yueCTb BCe OCOOeHHOCTH MeCTHbIX 
vcjioBHH h ycjioBHH paňoTbi 3auiHTbi Ha yuacTKax 
CHCTeMbl, k KOTopbiM noAKJiiouaeTCH npoeKTHpye- 
Moe coopysceHHe. B cbh 3 h c sthm hcoSxoahmo, 
HToSbi npoeKTH 3amHTbi, HcnojiHHeMbie opraHH3a- 
UHHMH, COTJiaCOBajIHCb CO CJiyjKÓOH 3aiUHTbI Aefl- 
CTByiOIUefl SHepTOCHCTeMbl. ílOMHMO BKJIIOUeHHH 
noBbix ajieMeHTOB AeficTByiomaH b cncTeMe 3amn- 
ra aojuKHa nepHOAHuecKH nepecMaTpHBaTbCH. 

no Mepe pocTa h ycjiojKHeHHH cxeMbi kommv- 
rauHH aHeprocHCTeMbi cymecTByiomaH pejieňHan 
3 auiHTa MOJKeT 0 Ka 3 aTbCH HeyAOBjíeTBopHTejibHoři 
C TOHKH 3 peiIHH BbinOJIHeHHH Tpe 60 B 3 HHH ĎblCTpO- 
ibl AeíiCTBHH H CejieKTHBHOCTH. B CBH 3 H C 3 THM 
Mo;«eT 0 Ka 3 aTbCH HeofixoAHMofi nojnian 3 aMeHa 
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cymecTByiomHx THnoB 3aiUHTH čojiee coBepiueH- 
HbiMH. HanéoJiee uejiecoo6pa3HHM sto oKa3bt- 
BaeTCH npn noAKjnoueHHH k AeíícTByiomeH chctc- 

Me HOBblX o6T»eKTOB ĎOJIblUOH MOIUHOCTH. 

3. PACHET I1APAMETPOB H HACTPOHKA 3AIUHT 

Pacnet napaMeTpoB 3amHT cjiyjKÓoři 3amHTbi 
SHepTOCHCTeMbl npOH3BOAHTCH KaK Ha BHOBb BKJHO- 
naeMbix, Tax h Ha AeťícTByioiUHX 3aiuHTax. 

HoBbie 3amHTbi Moryr BKjnouaTbCH khk Ha ho- 
Bbix, Tax h Ha ueňcTByiomHx ajieMeirrax 3Hepro- 
CHCTeMbl. npoeKT yCT3H0BKH HOBblX 3aiUHT MOHCeT 
ÓHTb pa3pa6oTaH KaK cjiyxfíoň 33 iuhth SHeprocH- 
CTeMbi, TaK h jiioďoh; npoeKTHOH opraHH3auHeň. 
B cjiyuae pa3pa6oTKH npoeKTa cjiyxfioň 3amHTbi 
sHeprocHCTeMU, ecTecTBeHHo, stoh >Ke cjiyjKÓon 
npOH3BOAHTCH paCHeT H BblOop napaMeTpoB BHOBb 
ycTaHaBjíHBaeMbix 3amHT. Ecjih xe npoeKT hoboíí 
3auiHTbi pa3pa6aTHBaeTCH npoeKTiiofl opraHH3a- 
UHeň, to 3toh npoeKTHOH opraHH3auHeň npoH3BO- 
ahtch h pacneT napaMeTpoB 3amHTbi. OAHaKo no 
yK33aHHHM BblUie npHHHHaM CJiy*6a 3aiUHTbI 
3HepT0CHCTeMH 06H3aTejIbH0 npOH3BOAHT KOH- 
TpojibHbifl pacneT h oKOHuaTejibHHň Buóop napa¬ 
MeTpoB 3amHTbi, npe>KAe ueM bkjiiohht 3auiHTy 
b paóoTy. Ha AeficTByioiuHX 3amHTax cjiyxcóa 
3amHTbi SHeprocHCTeMbi npoH3BOAHT nepHOAHne- 
ckhř KOHTpojibHbiň pacueT napaMeTpoB. FlepHOAHH- 
HOCTb KOHTpOJIbHbIX paCTOTOB OnpeAeAHeTCH H3- 

MeHeHHeM pescHMa paňora CHCTeMbl. H3BecTHo, 

Hjro B JieTHHH H 3HMHHH nepnoAbi AeScTByiomaH 
MOIUHOCTb 3HeprOCHCT6MbI H 3aTpy3Ka OTAeJlbHHX 
ee sjíeMeHTOB pa3AHHHa. C H3MeHeHHeM pexcHMa 
paĎOTbl CHCTeMbl H3MeHHK)TCH H yCJIOBHH paČOTbl 
ee SaiJUHTbl. TlpHMeHHTeJIbHO K HOBblM yCJIOBHHM H 
npoH3BOAHTca pacHeT napaMeTpoB AeŘCTBytomnx 
B CHCTeMe 3aiUHT. 

4. HCflblTAHHB PEAEHHOB 3AIU.HTW 

HcnUTaHHH pejieHHOH 3aiUHTbI B yCJIOBHHX 3KC- 
njioaTauHH pa36HBaioTCH Ha Ase ocHOBHbie rpynnbi: 

1) HccjieAOBaHHH h ranoBbie HcnbiTaHHH pejie h 
cxeM 3am,HTbi b ycjiOBHax JiadopaTOpHH; 

2 ) npoBepKa HcnpaBHocTH h cootb6tctbhh na¬ 
paMeTpoB pejie h cxeM 3amHTbi 3aAaHHbiM xapaK- 
TepHCTHKaM B 3KCnA0 3T 3UHOHHHX yCJIOBHHX H3 
MecTax. 

yCJIOBHH AJIH npOBeAeHHH HCnblTaHHÍi B Jiaóo- 
paTopHH h Ha MecTax ycTaHOBKH 3 aiuHT coBepuieH- 
HO pa 3 JIHHHbI. B COOTBeTCTBHH C 3 THM npOTpaMMbl 
h xapaKTep npoBOAHMbix HcnbiTaHHň 3 aiUHTu b Jia- 
ÓOpaTOpHH H Ha MecTax TaKJKe pa 3 JIHHHbI. 

JlaéopaTopHwe HcnhiTaHUH 3 aiUHTu. B ycJioBunx 
JiaÓOpaTOpHH np 0 H 3 B 0 AHTCH HCCJieAOBaHHH H THno- 
Bbie HcnbiTaHHH HOBbix THnoB pejie h cxeM 3 ama- 



Tbi. Ha3HaneHHe sthx HcnbiTaHHH 3aKjH0HaeTCH b 
B bíHBJíeHHH ocHOBHbix napaMeTpoB AaHHbix pejie h 
cxew 3amHTbi, noBeAeHHH sthx pejie h Sa¬ 
mara ITpH pa3JIHHHbrX yCJIOBHHX B CWCTeMe, BJIHH- 
hhh pa3jmqHbix 4>aKTopoB Ha paóory oTAejibHbiix 
pejie, cTeneHH 3aBHCHMOCTH xapaKTepHCTHKH pejie 
OT H3MeHeHHH aÓCOJIIOTHblX BeJIHHHH TOKa, Hanpn- 
>xeHHH, nacTOTbi, yrjia CABHra c})a3, (})OpMbi KpHBoíi 
Toxa, TeMnepaTypbi oKpyacaioiueň cpeAbi h t. n. 
BbíHBjíHeTCH TaKHce noBe^eHHe oraejibRbix pejie h 
cxeM 3aiuHTbi b ixejioM npH pa3JiHHHbix BHAax no- 
epejK^eHHH b CHCTeMe, npH H3MeHeHHH HanpaBjíe- 
HHfl MOIUHOCTH, npH HBJíeHHHX KBHaHHH, HCH63HO- 
BeHHH HanpH>KeHHH, TOKa H T. n. B JiaĎOpaTOpHH 
pa3pa6aTbiBaiOTCH MeTOAbi HcnbrraHHH oTAejibHbix 
pejie h cxeM 3aiuHra Ha MecTax, pa3paóaraBaiOTCH 
innoBbie cxeMbi h KOHCTpyKUHH HcnbiTaTejibHbix 
ycTpoHCTB, npoBOAHTCH HCCJieAOBaHHH h pa3paóoT- 
Ka peKOHCTpyKHHH cymecTByiomHX ranoB pejie h 
cxeM 3amHTbi, a TaoKe pa3pa6araBaiOTCH HOBbie 
THFIbí 3an^HT B COOTBeTCTBHH C KOIIKpeTHblMH Tpe- 
GoBaHHHMH AaHHOH 3HeprOCHCTeMbI. 

Ha ocHOBaHHH pesyjibTaTOB jraóopaTOpHbix hc- 
iibiTaHHH cjiy>K6oH 3amHTbi 3|HeprocHCTeMbi pa3pa- 
6aTbIBaiOTCH npOrpaMMbl, KOHCTpyKUHH H MeTO£bI 
HcnbiTaHHH 3aiuHTbi Ha MecTax npHMeHHTejibHo k 
KOHK peTHbíM ycjioBHHM KaacAoro MeCTa. 

licnblTaHHH 3aill,HTbI B yCJIOBHHX 3 KCnjI 0 aTaUHH. 
Ha MecTax yciaHOBKH 3amHra, t. e. Ha CTaHUHHX 
H nOACTaHUHHX, B yCJIOBHHX SKCnJIOaTaUHH, KaK 
npaBHjio, He npeACTaBjíneTCH B03M05KHbiM npoBe- 
AeHHe Tex HcnbrraHHH, KOTopbie npoBOAHTCH b yc- 
jiobhhx jiaóoparopHH. 

ÍIosTOMy HcnbiTaHHH 3aiuHT Ha MecTax hx ycTa- 
hobkh no cyiuecTBy cboahtch k cjieAyioiueMy: 

1) npoBepKe npaBHJibHocTH cxeMbi BKJHoneHHH 
3auxHTbi; 

2) npoBepKe HcnpaBiiocTH KaK oTAejibHbix 3Jie- 
MeHTOB 3aiuHTbi, T3K h Bceň cxeMbi 3amHra b ue- 
jiom; 

3) HaCTpOHKe OTAeJIbHbIX SJíeMeHTOB H cxeMbi 
3amHTbi b uejioM Ha 3aAaHHbie napaMeTpbi h xa¬ 
paKTepHCTHKH; 

4) npoBepKe nocTOHHCTBa 3aAaHHbix napaMeT- 
pOB H XapaKTepHCTHK OTAeAbHbIX SJíeMeHTOB H 
Bcew cxeMbi 3au;HTbi b uejioM. 

npHMeHHTejIbHO K pa3JIHHHbIM yCJIOBHHM npO- 
BepKa 3amHTbi b ycjiOBHnx 3KcnjioaTauHH HMeeT 
cjieAyiomHe pa3HOBHAHOCTH: 

1) npoBepKa 3amHTbi npH hobom BKjnoneHHH; 

2) nojman nJiaHOBan npoBepKa; 

3) nacTHHHan njiaHOBan npoBepKa; 

4) npoBepKa 3aiUHra nocjie peBH3HH ocHOBHoro 
oóopyAOBaHHH hjih npH nepeKAíOHeHHH 3aiuHTbi Ha 
Apyrne TpaHC(})opMaTopbi TOKa h Hanpn>KeHHH; 

5) nocjieaBapHÍÍHaH npoBepKa. 

Ka^c-Aan H3 sthx pa3HOBHAHOCTeň HMeeT cboh 
OCOS eHHOCTH. 

ÍIojiHan njiaHOBan npoBepKa h npoBepKa 3 amH- 
Tbi npK ; hobom BKjiřoneHHH Apyr ot Apyra otjih- 
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naioTCH no cymecTBy m/ibKo TeM, hto npH nojiHoň 
iuiaHOBOH npoBepKe MOHTaxKHan cxeMa h ochob- 
Hbie napaMeTpbi Bcex ajieMeHTOB, bxoahiuhx b 
cxeMy AaHHoň 3aiuHra, nepcoHajiy ynce H3BecTHbi, 
B TO BpeMH KaK TipH HOBOM BKJIIOHeHHH 3aiIJHTbi 
nepconajiy He H3Becrabi hh cooTBeTCTBHe MomajK- 
hoh cxeMbi npHHUHnHaAbHoň, hh napaMeTpn ot- 
AeAbHbix 3AeMeHT0B, bxoahiuhx b AaHHyio cxeMy 
3aiUHTbI. Il03T0My npH HOBOM BKAIOHeHHH 3aiUHTbI 
nepcoHaji npeABapHTejibHO AOJiH<eH H3ynHTb npoTo- 
kojim JiaóopaTopHbix HcnMTaHHH Ka^KAoro 3JieMeH- 
Ta 3aiuHTbi h npOBepHTb npaBHjibHocTb MOHTaxca b 
COOTB eTCTBHH C npHHUHnHaAbHOH H MOHTaJKHOH 
cxeMaMH. npH noAHoň njiaHOBoft npoBepKe h npH 
HOBOM BKAIOqeHHH 3aiUHTbI npOBepHIOTCH BCe 9Jie- 
MeHTbl, BXOAHIUHe B CXeMy ABHHOH 3aiUHTbI. n P H 
HaCTHHHOH npOBepKe 3aiUHTbI npOBepHIOTCH TOAbKO 
Te ee 3AeMeHTbi, KOTopbie HanóoAee noABepxceHbí 
B03M0>KHbiM H3MeHeHHHM napaMeTpoB h Hapyuie- 
HHK) HCnpaBHOCTH. Rjl 51 K3>KAOrO THna 3aiU,HTbI H 
pa3JiHHHbix ycAOBHH ee pa6ora nporpaMMbi nac™- 
HblX npOBepOK 3aiUHTbI pa3JIHHHbI. 

npoBepKa 3aiuHTbi noc^e peBH3HH ochobhoto 
oóopyAOBaHHH, t. e. BhiKAionaTejieH, TpaHcýopMa- 
TOpOB TOKa H HanpH>KeHHH H T. n., BbI3bIBaeTCH 
TCM, HTO B npouecce peBH3HH UJIU peMOHTa OCHOB- 
Horo oóopyAOBaHHH MoryT óbiTb BHeceHbí H3MeHe- 
HHH B 3JieMeHTbI, OT KOTOpbIX 33BHCHT napaMeTpbl 
H yCJIOBHH paÓOTbl 3aiUHTbI. 

B COOTBeTCTBHH C 3THM nporpaMMa npOBepOK 
3aiUHTbI AOJIHÍHa npeAyCMaTpHBaTb BblHBAeHHe 3THX 
B03MOHCHbIX H3MeHeHHfi. npaKTHHeCKH AJIH KaíKAOň 
H3 onHcaHHbix Bbirne pa3HOBHAHocTeň npoBepKH 
oó^eM h xapaKTep npoBeAeHHH paóoT 3apaHee H3- 
BecTHbi. riosTOMy ajih 3thx npoBepoK 3apaHee mo- 
ryT óbiTb pa3paÓ0TaHbi THnoBbie h paóoqHe npo¬ 
rpaMMbi H HHCTpyKUHH npHMeHHTeAbHO K KaHÍAOMy 
raný 3amHTbi. JJjiíi nocjieaBapHHHoň npoBepKH 3a- 
tUHTbi HeB03MoncHo 3apaHee cocTaBHTb onpeAejieH- 
Hyio ranoByio nporpaMMy, yAOBAeTBOpniomyK) BceM 
cjiyqaHM. HeoóxoAHMoeTb caMoft nocjieaBapHHHoň 
npOBepKH BM3bIBaeTCH TOH HJIH HHOH HeHCHOCTbíO 
b noBeAeHHH 3aiuHTbi npH aBapHH. IloaTOMy, npe- 
>KAe neM cocTaBHTb nporpaMMy npoBepKH 3aiuHTbi, 
HeoóxoAHMo H3ynHTb Bce AocTynHbie MaTepHajibi, 
xapáKTepH3yioiuHe npHHHHbí B03HHKH0BeHHH h xa¬ 
paKTep npoTeKaHHH caMoň aBapHH. ToAbKo nocjie 
3Toro npeACTaBjíneTCH B03M0>KHbiM cAejiaTb 3a- 
KjHoneHne o tom, ksk AOJixcHa óbiAa ceón bccth 
AaHHan 3aiuHTa Bt npouecce npoTeKaHHH aBapHH. 

Ha OCHOBaHHH 3THX MaTepHaJIOB H MOHíeT ÓbITb 
cocTaBjíeHa nporpaMMa ajih npoBepKH 3amHra. 

5 . OCHOBHbIE COCTABJI#10111,HE flPOrPAMMbl 
Í 1 P 0 BEPKH 3 AIUHTW 

KancAan npoBepKa 3aiUHTbi aoajkhs 3aK.noqaTb 
b ceóe cjieuyioiuHe ocnoBHbie nacTw: 

1) npOBepKy HCnpaBHOCTH Bcero oóopyAOBaHHH, 
BxoAHiuero b cxeMy 3aiu«Tbi; 



2) npoBepKy ochobhmx napaMeTpOB Bcero oóo- 
pyAOBaHHH, BXOAnmero b cxeMy 3 amHTbi; 

3 ) npoBepKy 3 aAaHHbix napaMeTpOB h xapaKTe- 
pHCTHK OTAeJIbHbIX pCJie H KOMIIJieKTa 3 aiU,HTbI B 
uejioM; 

4) npoBepKy npaBHJibHocra BbinojmeHKH cxeMbi 
3anxHTbi; 

5) npoBepKy npaBHjibHocra paóoTbi oT^ejibHbix 
pejie m cxeMbi 3 am,HTbi b uejioM Ha OTKjnoneHHe 
BbiKjiiOHaTejxeň. 

Paóonan nporpaMMa ajííi KaxíAoS 3aiuHTbi, ko- 
He^HO, AOJDKHa óbiTb paspaóoTaHa óojiee noApoó- 
ho. B KanecTBe npHMepa b § 6 stoh rjiaBbi npn- 
Be^eHa THnoBan paóonan nporpaMMa npoBepKH 
£H(})epeHUHajIbHOH 3aiUHTbl Tp3HC(j)OpMaTOpOB c 
pejie Tana KP-121 X3M3, 3aKjnoqaiomaH b ceóe 
Bce BHAbi npoBepoK, nposoAHMbix b 3KcnjioaTa- 

UHOlHHblX VCJIOBHHX € AaHHblM THnOM 3ailXHTbI. 

npoBepKa HcnpaBHocTH oóopyAOBaHHH coctoht 
H 3 ocMOTpa MexaHnnecKoro coctohhhh h 3jieKTpH- 
necKoň npOBepKH h3ojihuhh, conpoTHBjíeHHH, kos- 
(J)HUHeHTOB TpaHC(})OpMaUHH (ajih TpaHC(f)OpMaTO- 
pOB), npOBepKH MexaHHnecKoro achctbhh noABH>K- 
iibix ajieMeHTOB pejie h t. n. 

npoBepKa napaMeipoB ajih 3aAaHHbix xapaKTe- 
pncTHK 3amHTbi npoH'3 b 0 aktch nyreMi COOTB€T C T B VIO - 
iuhx 3JieKTpnnecKHx HcnbiraHHH, npoBepKa npa- 
BHJIbHOCTH BbinOJIHeHHH CXeMbl — nyTeM npOBepKH 
nOJIHpHOCTH H K03(j)HHHeHT0B TpaHC(J)OpMaUHH 
TpaHC(})opMaTopoB, np03B0HKH BTopHHHbix uenen, 
npOBepKH (J}a3HpoBKH h, HaKOHeu, nyTelvi paóoTbi 
KOMnjieKTa 3aiuHTbi b ,uejioM npn «HCKyccTBeHHo 
C03^aHHbIX B nepBHHHblX HJIH BTOpHHHblX UenHX 
yCJIOBHHX, HeOÓXOAHMblX AJin paÓOTbl 3anj,HTbí. 3th 
ycjiOBHH BecbMa pa3jinqHbi jxjik pa3jmqHbix THnoB 
3amHT. * 

ripOBepKa H30JIHUHH. H30JIHUHH BCeX TOKOBeAy- 
mnx sjíeMemoB cxeMbi 3aiuHTbi npOBepneTCH KaK 
b nacTH nepeMeHHoro, TaK h b qacra nocTOHHiioro. 
TOKa. KpOMe npOBepKH H30 jihuhh Me>KAy oTAejib- 
HbiMH uennMH npOH3BO^HTcn npoBepKa h30jihuhh 
K opnyca pejie, naHejiH, KapKaca, oóojiohkh Kaóe- 
jih, KO>Kyxa BbiKJiioqaTejm, H3MepHTejibHoro TpaHc- 
4)opMaTopa -H t. n. no oTHomeHHio k 3eMjie. , npo¬ 
BepKa npoH3BOAHTcn c noMombio cneunajibHoro 
npHóopa, Ha3biBaeMoro «MerrepOM». OóopyAOBa- 
Hne He AonycKaeTcn k BKjnoneHHK), ecjiH H3 ojihuhh 
ero 6yAer HHnce, qeM bto npe^ycMoipeHo npaBH- 
JiaMH TeXHHHeCKOH 3KCnJI0aTaUHH SJíeKTpOCTaHUHH 
k ceTen. HopMajibHo hsojihuhh jnoóoro sjíeMema 
samHTbi He óbmaeT HHxce 50 h 100 M Q. rioHH>Ke- 
Hne H30JIHUHH HH/K6 HopM, npeAycMOTpeHHbix npa- 
BHJI3MH TeXHHneCKOH 3KCn.JI0aTaUHH, CBHUeieJIbCT- 
Byer o HajiHHHH jihóo HeuonycTHMoro OTCbipeííHH 
H30JIHUHH, JIHÓO CKpbITOrO Ae(j)eKTa, KOTOpbIH AOJI- 
>KeH óbiTb ycTpaHeH. 

ÍIpOBepKa MOHTaiKHOH cxeMbi. riepeu npOBepKOH 
3aiUHTbI neOÓXOAHMO yCTaHOBHTb COOTBeTCTBH<e Bbl- 
'nojineHHoro Moirraxía Monra>KHOH h npHHUHnnajib- 
hoh cxeMaM sauiHTbi. Ha na ne jih 3aiuHTbi moh- 
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<J>m\ XIV,2. ÍIpOBepKa MOHTa>KHOH cxeMbi c noMombio 
TejieífoHOB. 


Tanaian cxeMa HHorua MO>KeT óbiTb npOBepeHa c 
noMombio ocMOTpa. B nacTH >Ke >khji coeunHHTejib- 
hhx Kaóejieíi npoBepKa MO>KeT óbiTb BbinojiHeHa 
HJIH C nOMOIUblO np03BOHKH HJIH C nOMOmblO KOHT- 
pojtbHbix jiaMn. TaKHM >Ke cnocoóoM npoBepneTCH 
MOHTa>KHaH cxeMa h Ha naHejiH cjio>khoh 3aiuHTbi, 
ecjiH ycraHOBHTb npaBHJibHOCTb cxeMbi c noMombio 
OCMOTpa He npeACTaBJIHeTCH B03MO>KHbIM. 

Ha (|)Hr. XIV', 1 noKa3aHa npHHUHnHajibHan 
cxeMa npOBepKH >khji Kaóejiefl c noMombio koih- 
pojibHbix JiaMn. Cnocoó npoBepKH noiiHTeH H3 
nepTe>Ka h uonojiHHTejibHbix noncHenHH He Tpeóy- 
eT. C uejibio 6e3onacHOCTH nepcoHajia peKOMeHAy- 
eTCH n0jib30BaibCH He tokom ocBeTHTeabHon ceTH, 
a tokom noHHíKeHHoro HanpH>KeHHH. JIjih 3Toro 
yuoÓHee Bcero npHMeHHTb' hjih cneunajibHbie TpaHc- 
(}}opMaTopbi óe3onacnocTH co BTopnqHbíM Hanpn- 
HceHneM 12 V hjih KapMaHHbie óaiapeH. Ec,ib 
KJieMMiibie cóopKH / h II (J)Hr. XIV, 1 pacnojio>Ke- 
Hbl B pa3HbIX nOMeiUeHHHX, TO npOH3BOAHTb npo¬ 
BepKy >khji Kaóejieň c noMon^bio KOHrpojibHbix 
JiaMn HeyuoÓHO. B sthx cjiy^iaHX yuoónee nojib3o- 
BHTbCH Tejie(j)OHaMH. I103TOMy AaHHbIH cnocoó H 
Ha3bIBaeTCH «np03B0HK0H». Ha Ka^KAOM KOHUe 
KaóejiH y npoBepnioiuero HMeeTCH TejieijioH, jiynme 
Bcero nojieBoro THna, oahh H3 3S>khmob KOTOporo 
3a3eMJieH (4>Hr. XIV, 2), BTOpon 33 >khm no npe#- 
BapHTeJIbHOH AOrOBOpeHHOCTH COeAHHHeiCH c on- 



peAejieHHbíMH KjieMMaMH. KJieMMbi, coeAHHeHHbie 
c oahoh h toh >Ke jkhjioh, Aa#yT 3aMbiKaHne ue- 
nn Tejie(J)OHa. OicyTCTBHe coe^HHeHHH h3ha6hhoh 
yKHJIbl C APyrHMH 2KHJI3MH hjih c 3eMJien npOBe- 
pHeTCH noo^epeAHbíM coeAHHemieM BToporo 3a>KH- 
Ma oahoto H3 Te.Jie(})OHOB c KjieMMaMH Apyrnx híhji 
h c MexaHnqecKOH KOHCTpyKUHeH, HMeiomefi 3 a- 
seMJieime. 

Cnocoó npo3BOHKH c Tejiec})OHaMH yAoóeH TeM, 
mto ripoBepnioiAHe c MecT npoBepKH MoryT BecTH 
pasroBop o pe3yjibiaiax npoBeA^HHoň npoBepKH 


UneHT TpaHC(f)opMauHH c noMombio cpaBHeHHH no- 
Ka3aHHH aMnepMeTpOB oAHOTHnHbix TpaHC(})opMaTo- 
poB noA paóonHM tokom He BcerAa npeACTaBjíneT- 

Cíí B03M0HCHbIM. 

K03(J)HIi;HeHT TpaHC(})OpMaUHH TpaHC(})OpMaTOpOB 
TOKa MO^KeT ÓbITb npOBepeH C nOMOIAbK) cxeMbi c 
Harpy30MHbIM H 3TaJI0HHbIM TpaHC(|)OpMaTOpaMH. 
Ha dmr. XIV, 3 noxasaHa cxeMa TaKoň npoBepKH. 
CpaBHHBaa noKa3aHHH aMnepMeipoB, BKjnoneHHbix 
bo BTOpmHbie uenn 3TajioHHoro h HcnbrryeMoro 
TpaHC(})OpMaTOpOB TOKa, MO>KHO yCTaHOBHTb K03- 



TOKa c noMombio ÓaTapeH. TpaHC^opMaiopoB. 


h nopííAKe AajibHeňniHX onepauHH. 3 thm sHann- 
rejibHo coKpamaeicH npOAOji>KmejibHocTb npo¬ 
BepKH. 

flpOBepKa KOSCfíHUeHTOB TpaHc«f>opMauHH TpaHc- 
cf*opMaTOpoB TOKa h Hanpn>KeHH5i. AeTajibHbie Hcnbi- 
'J3HHH H3MepHTeJIbHbIX TpaHC(})OpMaTOpOB MoryT 
ÓbITb npOH3BeAeiibI TOJIbKO B yCJIOBHHX JiaÓOpaTO- 
pHH. JJjIH npOBepKH TpaHC(J)OpMaTOpOB TOKa Tpe- 
óyioTcn, HanpHMep, tokh óojibinoH BejiHHHHbí, ko- 
lopbie HOpMajibHO He npeACTaBjíneTCH B03M0>KHbiM 
cosAaTb b 3KcnjioaTauHOHHbix ycJioBHHx Ha MecTax. 
Onbrrbi KOpoTKoro 3aMbiKaHHH noA paóonHM Ha- 
Fipfi>KeHHeM cHcreMbi onacHbí ajih CHCTeMbi h npH- 
MeHHIOTCH TOJIbKO B HCKJIřOHHTejIbHblX CJiynaHX. ťlo- 
3TOMy Bce THnOBbie HCnblTaHHH C H3MepHTejIbHbIMH 
TpaHC(|)OpMaTOpaMH BbinOJIHHIOTCH B JiafiopaTOpHH 
saBOAa hjih 3HeprocHCTeMbi. HcnbrraHHH b 3Kcnjio- 
aTaunoHHbix ycjiOBHHx cboahtch no cyiuecTBy 
TOJIbKO K npOBepKe HCnpaBHOCTH TpaHC(})OpMaTO- 
POB, OTCyTCTBHH 33MbIKaHHH MOKAy BHTK3MH, Ha 
Kopnyc h t. a. HcnpaBHocTb TpaHccJiopMaTopa 
ycTanaB.THBaeTcn npoBepKon h3ojihuhh btophhhoh 
OÓMOTKH H npOBepKOH K03(})HimeHTa TpaHC4)OpMa- 
UHH. Ko3(|)HIXHeHT TpaHC(J)OpMaUHH TpaHC(})OpMaTO- 
pa HanpsDKeHHH KOHTpojiHpyeTcn nyTeM cpaBHeHHH 
I10Ka3aHHH HOpMaJIbHO BKJIIOqeHHblX BOJIbTMeTpOB 
Ha napajuieAbHo paóoTaioiijHx TpaHČ(|)opMaTOpax. 
Ko3(})HUHeHT TpaHC(})OpMaUHH TpaHC(j)OpMaTOpOB 
TOKa KOHrpojiHpyeTCH nyreM npoBeAeHHH cne- 
UHajíbiibix npoBepoK. HeoóxoAHMOCTb tskhx npo- 1 
EepOK AJIH TpaHC(})OpMaTOpOB TOKa B OTJIHHHe OT 
, IpaHC(})OpMaTOpOB H.anpn^KeHHH OÓTíHCHfleTCH TeM, 
i ito ne na Bcex TOKOBeAymnx sjíeMemax chjiobo- 
ro oóopyAOBaHHH HMeeTcn oAHOBpeMeHHO HecKOJib- 
ko OAHHaKOBbix nocjieAOBaTejibHo BKjnoneHHbix 
Tpanc(J)opMaTopoB TOKa c aMnepMeTpaMH bo bto- 
pHHHblX uennx. IloSTOMy KOHTpOJIHpOBaTb K03(J)H-' 
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(f)HUHeHT TpaHc4>opMauHH HCiibiTyeMoro Tpancíbop- 
MaTopa. * Harpy30HHbiň TpaHccfíopMaTOp cjiy>KHT 
TOJIbKO AJIfl C03ASHHH nepBHHHOrO TOKa AOCTaTOT- 
HOH BeJIHHHHbl. nepBHHHblH TOK MOX<eT ÓbITb C03- 
AaH He TOJIbKO c rioMoiubK) Harpy30THoro TpaHC- 
^opMaTopa, ho h ApyrHMH cnocoóaMH. 

MeTOA npoBepKH K03(})Hu;HeHTa TpaHcc})opMauHH 
TpaHC(})OpMaTOpa TOKa OT 3TOrO He H3MeHHeTCH. 

nposepKa nojiapHQCTii oómotok TpaHC^opMaio- 
poB TOKa. IIpoBepneTCH (KaK inojiHpnocTb oahoh 06 - 
MOTKH TpaHCCjlOpMaTOpa TOKa no OTHOHieHHK) KO 
BTOpOH OÓMOTKe TOTO TKe TpaHC(})OpMaTOpa, T3K H 
nOJIHpHOCTb OÓMOTOK HeCKOJIbKHX TpaHC(})OpMaTO- 
pOB, BKAíoneHHbix napajuieAbHO hjih nocAeAOBa- 
TejIbHO. 

XIjih npoBepKH nojinpHocTH nepBHHHOH u bto- 
pHHHOH OÓMOTOK OAHOTO Tp3HC(|3OpMaT0pa TOK3 

npHMeHneTCH cxeMa (})Hr. XIV, 4. K nepBHHHon 06 - 
MOTKe TpaHC(})opMaTOpa TOKa npHcoeAHHneTCH 6 a- 
Tapen (mohíct óbiTb npHMeHeHa nepeHocHan óaTa- 
pen oneHb Majibix pa 3 MepOB), ko btophhhoh qyB- 
CTBHTejIbHblH MHAAHBOAbTMeTp. K 33>KHMaM nep- 
BHHHOH H BTOpHHHOH OÓMOTOK TpaHC^OpMaTOpa TO¬ 
Ka, HMeiomHM oóo3Ha i ienHe Hanajia, noAcoeAHHH- 
lOTCH COOTBeTCTBéHHO nJIIOC ÓaTapeH H 33>KHM 
MHJIAHBOAbTMeTpa, OÓ03HaneHHbIH nJIIOCOM. npa- 
BHjibHocTb oóo 3 HaneHHH nAioca h MHHyca óaTapen 
H MHJIJIHBOAbTMeTpa npeABapHTeJIbHO AOJI>KHa ÓbITb 
npoBepeHa no 3TajionaM. Ecjih ycAOBHbie Hanajia 
H KOHUbl OÓMOTOK TpaHC(j}OpMaTOpa T0K3 0003113- 
qeHbí npaBHJibHO, to npH 3aMbiKaHHH K^iona K b 
uenn ÓaTapeH b TeneHHe nepHOAa HapacTanHH to- 
Ka (HeycTaHOBHBHiHHCH pen<HM) CTpejiKa mhajih- 
BOAbTMeTpa OTKJIOHHTCH B CTOpOHy nOJIO>KHTeJIb- 
Hbix noKa33HHH niKaAbi, HanpHMep, BnpaBo. Ecjih 
o6o3HaneHHH oómotok TpaHC(})opMaTopa roKa He- 
npaBHjibtfbi,, to cfpejiKa MHJiJiHBOjibTMerpa otkjio- 

403 



HHTCH B CTOpOHy OTpHUaTejIbHblX nOKa3aHHŘ IIlKa- 
Jlbl. npH pa3MbIKaHHH KJHOHa K HBJíeHHH 6yAyT 
oópaTHbíMH. JX octohhctbo cnocoóa c óaTapeeň 3a- 
KJiíOHaeTCH b ero npocTOTe h AocTynHocm 

OAHOHMeHHOCTb nOJIHpHOCTH BTOpHHHblX OÓMO- 
TOK HeCKOJIbKHX TpaHC(j)OpMaTOpOB TOKa MOJKeT 
6 bm> npoBepeHa c noMoiubio noKa3aHHH npHÓopoB, 
BKíiioqeHHbix no cxeMe cj)Hr. XIV, 5. Ilpn npaBHJib- 
hom o6o3HaneHHH nojiflpHOCTen oďmotok AByx 
TpaHC(})OpMaTOpOB TOKa C paBHblMH K03(J)HUHeHTa- 
tm TpaHC(})opMauHH aMnepMeipbi A z n Au asiot 
OAHHaKOBbie noKa 3 aHHH, a aMnepMeTp Au noxa- 
3biBaeT Hyjib. Ecjih >Ke nojiHpHocra BTOpnnHbix 
OÓMOTOK TpaHC(})OpMaTOpOB TOKa He COBna^aiOT, TO 
aMnenMeTp Am 6 y#eT AaBaTb noKa3aHHH, paBHbie 
cyMMe noKasaHHH aMnepMeTpOB Ai h Au. 3tot 
>K e npHHmin npHMeHHM n k napajuiejibHo coeAH- 
HeniíbíM TpaHc4)0pMaT0paM TOKa, nepBHHHbie 06 - 
MOTKH KOTOpbIX nHTaiOTCH TOK3MH pa3HbIX (})a3. 
He.fib3H 3a6biBaTb TOJibKO to, hto cjiOKeHne h Bbi- 
HHTaKne toko3 b npnóopax b 3tom cjiyqae ripoH3- 
bgahtch He ajireópaHqecKH, a reoMeTpnqecKH. 

6. THIlOBAfl PABOMA5I nPOrPAMMA ITPOBEPKM 
A^^EPEHUHAJlbHOH 3AlllHTbI TPAHC4>OPMATOPOB 
C PEJ1E THÍ1A KP-121 

A. flojiHan njiaHOBan npoeepKa 

flojiHan nJiaHOBan npOBepKa npoH3BOAHTCH b 
ycTaHOBjíeHHbie cpoKH h ocymecTBjíHeTCH no cjie- 
AVTOiuhm pa3AeJiaM: 

í. BblBOA 3amnTbI H3 paĎOTbl. 

II. IIpOBepKa TpaHC(j30pMaT0p0B TOKa n Hanpn- 
>k 0 hhh h hx itenen. 

III. npOBepKa oTKjnoqaiomHX KaTymeK h hx 

Měněn. 

IV. BHeuiHHÍi ocmotp n npOBepKa MexaHnne- 
ckoh qacTH pejie. 

V. npOBepKa H 30 JIHUHH pejié h ueneft Ha na- 
lieJl H 3aiHHTbI. 

VI. npOBepKa ajieKTpnqecKHx xapaKTepHCTHK 
pe/ie n BcnoMoraTejibHbix ycTpoficTB. 

VII. npOBepKa B3aHM0AeňcTBHH pejie. ' 

VIII. HcnbiTanne 3am,HTbi pa6oqHM> tokom, 

IX. noAroTOBKa 3amHTbi k BKJiioqeHHio. 

I. BblBOjV, 3aiUHTbí H3 paSOTbl 

riocAe OTKjnoqeHHH Ae^KypHbíM nepcoHajioM 3 a- 
tusrrw ot OTKAioqaiomHx KaTyuieK BbiKjnoqaTejieíi: 

1. CHHMaeTCH nOCTOHHHbIH tok c naHejm 3 a- 
ilOťlbl. 

2. OTcoeAHHHioTCH uenn TpaHC(j)0pMaT0pOB to- 
n ot naHejiH 3amHTbi. 

npHMeqaHne. Ecjih npOBepKa 3amn- 

Tbl npOH3BOAHTCH npH BKJHOHeHHOM Tp3HC- 
4>opMaTope, TOKOBbie uenn AOJi>KHbi 6bHb 
npeABapirrejíbHO 3aKopoqeHbi. 

3. CHHMaeTCH c nanejin 3anurrbi HanpnweHHe 
ot rpaHC(})OpMaTopa HanpH>KeHHH. 
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I(. npOBepKa TpaHccfjopMaTOpOB TOKa h HanpsDKeHifsi h hx 

ueneu 

4. npOBepKa TpaHC(J)OpMaTopoB TOKa h Hanpn- 
>KeHHH n hx ueneň npoH3BOA«TCH no cneunajibHbíM 
nporpaMMaM. 

III. npOBepKa OTKjiioHaioiqHx KaiyuieK h hx neneii 

5. npOBepKa OTKAioqaiomHX KaTyuieK' h hx ne- 
neň npoH3BOAHTCH no cneitfiajibHOH nporpaMMe. 

IV. BHeuiHHH ocmotp h npoeepKa MexaHHnecKoň qacTH pejie 

6. CHHMaiOTCH KpbimKH co Bcex pejie, nocjie 
qero oÓAyBaeTcn nbijib h npoBepmoTcn ynjiOTHe- 
hhh KpbimeK pejie. 

7. npOBepneTCH 3aTH>KKa KOHTaKTHbix bhhtob 
na aBTOTpaHC(})opMaTOpax, y pejie h Ha kjicmmhh- 
Kax naHejm. 

8. npoBepneTcn xoa hoabh>khoh cncTeMbi Ka- 
>KAoro pe^e: B03BpaT ee b ncxoAHoe nojio>KeHHe, 
orcyTCTBne 3aeAaHHH, jiio(})t oceň, HcnpaBHocTb 
ynopOB, orpaHHqHBaiOLUHX xoa hoabh>khoh cHde- 
Mbi, a TaKH<e HcnpaBHocTb Bcex npy>KHH. 

9. npOBepHioTCH KOHTaKTHbie cncTeMbi Bcex 
pejie: qncTOTa hoabhhchhx h HenoABH>KHbix koh- 
thktob, OTcyTCTBHe nepeKoca, npornó, haothoctb 
K acaHHH, a TaKxce HaAe>KHocTb KpenjieHHH no- 
ABHHCHblX KOHT3KTOB Ha OCH nOABH5KHOH CHCTeMbl 
(no cneimajibHŽ)H nporpaMMe no peBH3HH h pery- 
JIHpOBKe KOHTaKTOB). 

10. npoBepneTCH qeTKOCTb paóora MexaHH3- 
mob pe^e BpeMeHH. 

11. npOBepneTcn KpenAeHHe oTAejibHbix Aeia- 
jieři pe^e h KpenAeHHe pejie k naHeAH. 

V. npoeepKa h 3 ojísiuhh pejie w ueneří Ha naHeji» 3 aiuHTbí 

12. TbicnqeBOJibTOBbíM MerrepoM 3aMepHeTcn 
H30AHUHH TOKOBblX UeneS H UeiieH IIOCTOHHHOrO 

TOKa Me>KAy coóoň h na Kopnyc pe^e. 

VI. npoeepKa ajieKTpHnecKHx xapaKTepHCTHK pejie 
h ecnoMorarejibHbix ycTpoficTB 

13. noAaeTcn nocTOHHHbiň tok Ha naHejib 3a- 

IUHTbl. 

14. CoóHpaeTcn cxeMa ajih npOBepKH 3auiHTbi 
OT nOCTOHHHOrO HCTOHHHKa TOKS. 

15. CHHMaeTcn paóoqan xapaKTepHCTHKa pejie 
npn nQCAeAOBaTeAbHOM coeAHHeHHH pa6oqeň Ka- 
TyiHKH c KancAOH T0pM03H0H no oqepeAH. 

16. npoBepneTCH, hto ABe TopM03Hbie KaTym- 
kh, pacnojioíKeHHbie Ha oahom cepAeqHHKe, coeAH- 
HeHbí TaKHM oópa30M, qjo npH BHemHeM kopotkom 
3aMbIK3HHH A^IOT CyMMapHbIH T0pM03H0H MOMeHT. 

17. CHHMaeTCH xapaKTepHCTHKa pe^e 

lp. m~f ( ImopM ) 

npH paóoTe paóoqefi KaTymKH c Ka>KAofi TOpM03- 
hoh no oqepeAH. 

18. npoBepneTCH BHÓpauHH h oTcyrcTBHe 
HCKpeHHH KOHTaKTOB pejie npH TOKe B 1,05 OT TO¬ 
Ka TpOraHHH npH CHHTHH OAHOň H3 T0pM03HbIX xa- 



paKTepHCTHK; npOBepKa bcactch Ha pejie BpeMe- 
hh, ycTaHOBjíeHHoe b cxeMe 3amHTbi. 

19. npoBepneTCH Hanpn>KeHHe TporaHHH h bo 3- 
BpaTa ójiOKHpyiomero pejie HanpiUKeHHH. 

20. EípoBepHeTCH BpeMH ^hctbhh pejie KP-121 
coBMecTHO c ÓJioKHpoBKOH £jih cjiyqan paÓOTbl pe- 
jje KP-121 6e3 BbiAep>KKH BpeMeHH h ajih cjiyqan 
AencTBHH pejie KP-121 c BbiAep>KKOH BpeMeHH. 

21. ripOBepneTCH BpeMH AeňcTBHH pejie KP-121 
BMecxe c BbíHocHbíM pejie BpeMeHH, AonojiHHiejib- 
HO BKJHOHeHHblM AJIH yCTpaHeHHH HenpaBHJIbHbIX 
ACHCtbhh 3aiH,HTbi npH TOJiHKax HaMarnHqHBaioiue- 
ro TOKa .(cm. i\ji. IX, § 15). 

22. npOBepHIOTCH K03(f)HUHeHTbI TpaHC(j)OpMa- 
UHH npOMe>KyTOHHbIX aBTOTpaHC(j)OpMaTOpOB RJ19L 
paÓOHHX OTBeTBJíeHHH. 

23. 3aMepneTCH Hanpn>KeHHe TporaHHH h bo 3- 
Bpaia npOMe>KyToqHbix pejie h pejie BpeMeHH h 
npoBepneTCH paóoTa hx KOHTaKTOB. 

24. 3aMepneTCH naAeHne nanpH>KeHHH na 6jihh- 
Kepe b uenn npoMe>KyToqHoro pejie. 

VII. IlposepKa B3anMcmeHCTBHH pejie 

25. ripOBepneTCH AencTBHe pene KP-121 na 

BbinocHoe pejie BpeMeHH, paóoia npQMOKyToqnoro 
pejie h ĎJiHHKepa. ^ \ 

IlpHMeqaHHe. B cjiyqae neB03M0>K- 
HOCTH npOBepKH AeHCTBHH 3aiHHTbI Ha npo- 
, Me^yTOHHoe pejie achctbhc 3am,HTbi npoBe- 
pneTCH Ha CHraajibHyio jiaMny. 

26. ripoBepneTCH AeficTBHe pejie KP-121 na 

IliyHTOBOH ÓJIHHKep H paÓOTa ÓJIOKHpOBKH OT TOJIH- 
kob HaMarHHHHBaiomero TOKa. 

VIII. Mcnbuatme 3am*STbi jjaóoqHM tokom 

27. npHCoeAHHHiOTCH k naHejiH samHTbi uenn 
OT TpaHc4)OpMaTOpOB TOKa H CHHMaeTCH «3aKOpOT- 
Ka», eCJIH OHH ÓbIJIH 3aKOponeHbI. 

28. rioAcoeAHHHeTCH k naHejiH uenb Hanpn>Ke- 
HHH OT TpaHC(})OpMaTOpa HanpHJKeHHH. 

np HMenaHne. IJenH OTKjnoqaiomHx 
KaiymeK ©ciaiOTCH OTCoeAHHeHHbíMH (otkjiio- 
qaiomee ycipoScTBO omjiioqeHo). 

29. ripOBepneTCH qepeAOBaHHe (j)a3 Ha 3a>KH- 
Max pene. 

30. 3aMepneTCH Hanpn>KeHHe Ha 3a>KHMax pe- 
Jie HanpH>KeHHH npH nepeKpemeHHOM h npaBHjib- 
hom nepeAOBaHHH (J)a3. 

31. 3aMepHK)TCH tokh b uenn nyjieBoro npoBO- 
Aa TpaHcýopMaTopOB TOKa npH 3a3eMjieHHH oahoh 
H 3 4>a3 h OTCoeAHHeHHH ee ot naHejiH 3ainHTbi 
HJIH OT aBTOTpaHC(j)OpMaTOpa. 

32. 3 aMepHK)TCH BTOpHqHbie TOKH AO H nocjie 
aBTOTpaHc 4 )OpMaTOpOB, OnpeAeAHeTCH K 03 (})HUHeHT 
TpaKC(|)OpMaUHH TpaHC(t)OpMaTOpOB TOKa H aBTO- 
TpaHC(})opMaTOpOB no TOKy Harpy 3 KH. 

33. npH HaJIHHHH AOCTaTOHHOH Harpy3KH (He 
MeHee 40—50%) npoH3BOAHTcn chhthc BeKTopHbix 


AHarpaMM tokob Ha pejie ot Bcex o6motok chjc- 
boto TpaHCc|)opMaTopa h BeKTopHon AnarpaMMbi 
tokob HeóajiaHca. 

34. 3aMepHK)TCH tokh Heóajianca b uenn ny- 
jieBoio npOBOAa TpaHC(})0pMaT0p0B TOKa npH nop- 
MajibHOH cxeMe. 

35. 3aMepniOTCH no(j)a3Ho tokh neóajiaHca na 
pejie KP-121. 

IX. IloAroTOBKa aamHTbi h BKJiiOHeHHe 

36. OAeBaiOTCH KpbiuiKH Ha Bce pejie h npow?- 
boahtch hx njioMÓHpOBaHHe. 

37. Eío CHrHaAbHofl jiaMne npoBepneTCH otcvi- 
CTBHe OTKjnoHaiomero HMnyjibca Ha OTKjnoqešme 
BbiKjnoqaTejien. 

38. 3am;HTa CAaeTCH Ae^KypHOMy nepcona^y 
A jih BKAioqeHHH b pa6oTy corjiacHO ycTaHOBJíen- 
HOMy nopHAKy. 

39. Pe3yAbTaTbi npOBepKH ocJdopmjihiotch ec- 
rjiacHO cneuHaAbHoň HHCTpyKUHH. 

B. npoeepKa npH hobom BKJiřoqemiH samn™ 

npOBepKa 3aiHHTbi npH hobom BKjnoqeHHH npo- 
H3BOAHTCH nO TeM 7Ke pa3AeJiaM, HTO H nOJIHaq 
njiaHO'BaH npOBepKa co cjieAyiomHMH AOĎaBJíe- 
hhhmh: 

1) npOBOAHTCH TinaTeAbHaH jia6opaTOpHan hd< - 
BepKa Bcex pe^e no cneunajibHOH nporpaMMe jxjiH 
Ka>KAoro raná pe^e, BXOAHinero b cxeMy 3amHTb«; 

2 ) npoBepneTCH cxeM^ naHejiH 3 amHTbi no 
HpHHUHnHaJIbHOH H MOHTa>KHOií CXeM 3 M H Dpa- 
BHJÍbHOCTb MapKHpOBKH. 

B. HacTHMHan npOBepKa 

MacranHan npOBepKa npOH3BOAHTC h b ycTaHOB- 
JieHHbie cpOKH no cjreAyiomHM nyHKTaM nojmoft 
n.naHoiBOH mpoiBepKH: 5, 10, 25, 31, 32, 34, 35, 37. 
38 h 39. 

npHMenaHHe. B §5 HCKjnonaeTCH 
Bce KpoMe onpoóoBaHHH BbiKjnonaTeAH }Ta 
oTKjnoneHHe ot 3amHTbi. 

T. npOBepKa 3aiuHTbi nocjie peBH3HH BbiKjnoqaie- 
jieň, TpaticcfiopMaTopOB Tona hjih nanpnHíeHH^ 

npOBepKa 3aiu;HTbi npOH3BOAHTCH no nporpaw- 
Me nojrnoH njiaHOBOH hjih qacraqHon npOBepKH b 
3aBHCHMOCTH OT TOTO, K3K3H H3 yKa3aHIIbIX npo- 
BepOK coBnaAaeT hjih 6jiH3Ka no cpony c penn- 
3Hen BbiKAioqaTeAeH hjih H3MepHTejibHbix Tpanc- 
4>OpMaTOpOB. 

npHMeqaHHH: 1. Ecah no cpoKy c 
peBH3Hen BbiKJHoqaTeAeři coBnaAaeT qacTM^i- 
Han npOBepKa, to A°nojiHKTejibHO cjieAyer 
np^BecTH HcnbiTaHHe no cjieAyiomHM nyHKTaM 
n^aHOBOH npOBepKH: § 4 b qacra npOBepKH 
TpaHC(|)OpMaTOpOB TOKa h § 5. 
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2. Ecjih no cpoKy c peBH3neň TpaHcc|)op- 
MaTopoB TOKa coBnaaaeT aacTHHHaa npoBep- 
Ka, to AonojiHHTejibHo cjie^yeT npoBec™ hc- 
nbiTaHHe no § 4 nojiHofi njiaHOBon npoBepKH 
b nacm npoBepKH TpaHC(j)opMaTopoB TOKa. 

3. Ecjih no cpony c peBH3Heň TpaHC(J)op- 
MaTopa HanpíDKeHHH coBnaAaeT nacTHHHaa 
npOBepKa, T(ř Heo6xoAHMO AonoAHHTeAbHO 
npoH3BecTH ncnbiTaHHe no § 4 nojiHofi njia- 
HOBOH npOBepKH B H3CTH npOBepKH Tp3HC- 
(J)opMaTopoB HanpnHíeHHH. 

A. nocjieaBapniÍHaíi npoBepKa 

ripOH3BOAHTCH nOCJie HenpaBHJIbHOH paÓOTbl 
3am,HTbi no cneuHajibHoň nporpaMMe, cocTaBjíae- 
moh aah KajKAoro orAeAbHoro CAyaaa. 

npuóopu dna. npoeepKU 

1. ZUa peocTaTa c peryAHpoBKoň TOKa ot 1 ao 
50 A na HanpaíKeHHH 220 V. 

2. JlBa aivinepMeipa co uiKajioň ot 0 ao 5 A 
H OT 4 AO 50 A Ka>KAbIH. 

3. BaTTMerp Ha 2,5—5 A, 110—250 V. 

4. BojibTMeTp Ha 15—65—150—300 V. 

5. CeKyHAOMep SAeKTpHaecKHft Ha 110—220 V. 

6. MHJiJinaMnepMeTp (TepMonapa) Ha 25— 
250 mA. 

7. yica3aTejib aepeAOBaHHa (j)a3. 

7. BJIH5IHHE BHyTPEHHErO COÍIPOTHBJIEHHÍI 
H3MEPHTEJIbHbIX nPHBOPOB HA í>E3yjIbTATbI 
nPOBEPKH 3AUl.HTbI 


npHÓopoB no cxeMe 4 >hi\ XIV,6 BOAbTMe Tp no- 
Ka3WBaeT AeňCTBHTeAbHoe 3HaaeHHe HanpHaceHHH 
Ha 3aacHMax H3MepaeMoro saeMeHTa (s 3 ), b to 
BpeMH Kai< aMnepMeTp H3MepaeT reoMeTpHaecKyio 
cyMMy tokob b H3MepaeMOM aaeMeHTe (4 ) h b 
OĎMOTKe BOAbTMeTpa (l B ). IÍ3 OTHOUieHHa nona- 
3aHHfl BOAbTMeTpa h aMnepMeTpa onpeAeAHTca 
<|)HKTHBHoe 3HaaeHHe 3 aMepaeMoro conpoTHBAe- 
Hna 



(XIV, 1) 


H3 npHBeACHHoro BbrpaaceHHa bhaho, hto 3Ha- 
neH«e (f )HKTHBH0r0 conpoTHBAeHna, onpeAeaae- 
Moro H3 noKa3aHHň npnĎopOB, 6yAeT Ten dAiiace 
k AefiCTBHTeAbHOMy, aeM óoAbine conpoTHBAeHne 
BOAbTMeTpa no cpaBHeHHio c conpoTHBAeHHeM hc- 
CAeAyeMoro 9AeMeHTa. I"Io9TOMy npn H3MepeHHn 
conpoTHBAeHna no cxeMe 4>ht. XIV, 6 Heoóxo- 
AHMO nOAb30BaTb.Ca BOAbTMeTJJOM C ÓOAblHHM 
BHyTpeHHHM conpoTHBAeHHeM. CoBpeMeHHbie 3a- 
BOAH npHÓOpOCTpOeHHa H3rOTOBAHK)T BOAbTMeTpbl 
C BHyTpeHHHM COnpOTHBAeHHeM npHMepHO OT J 

4000 ao 20000 a/v noK33aHHa HiKaAbi. 

B CAyaae H3MepeHHH conpoTHBAeHHa no cxeMe 
4>Hr. XIV, 7, aMnepMeTp noKa3biBaeT AeficTBH- 
TeAbHoe 3HaaeHHe Tona b HCCAeAyewoM BAeMeHTe, 

B TO BpeMH KaK BOAbTMeTp H3MepaeT TeOMeTpH- 
HecKyio cyMMy HanpaaceHHft Ha 3 aacHMax HCCAe- 
AyeMoro SAeMeHTa (U 3 ) h Ha 3 a*HMax aMnep¬ 
MeTpa ( U a ). B 3tom CAyaae H3 OTHomeHHH noxa- 
39HHH BOAbTMeTpa h aMnepMeTpa nOAyHHM 


ripn H3MepeHHH msaux BeAHaH h HanpaaceHHa, 
Toxa, conpoTHBAeHna h t. n. b uenax 3am,HTbi 
HeOĎXOAHMO HMeTb B BHAy, HTO COnpOTHBAeHHe 



<f>nr. XIV,6. nepBMH cnoco6 <í>nr. XIV,7. BTOpoň cnocoó 
BKnioTeHHa npučopoB jmu BKjnoieHHsi npHĎopoB jmh 
H 3M6peHHH COnpOTHBJIOHHH, H3M6p6HHff COIipOTHBJíeHHH. 

ÍI3MepHTeAbHbIX npHÓOpOB MOHCeT BHeCTH 3HaHH- 
TeAbHbie norpemHOCTH b pe3yAbTaTw H3MepeHHH 
h noBAeab 3a co6oň HenpaBHAbHoe onpeAeAeHHe 
napaMeTpoB OTAeAbHbix 9AeMeHT0B 3amHTbi h He- 
npaBHAbHyro HacTpoňxy 3am,HTbi b ueAOM. Hanpn- 
Mep, AAH H3MepeHHH COnpOTHBAeHHH HeKOTOpOTO 
3AeMeHTa (z 3 ) bo3mo3khh ABa cnoco6a coeAHHe- 
hhh BOAbTMeTpa h aMnepMeTpa, noKa3aHHbie Ha 
<J)Hr. XIV,6 h <|>Hr. XIV, 7. řípa BKAioaeHHH 
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4>nr. XIV,8 . Cxenia BKjnoqeHita npn6opa h TOKOpacnpeae- 
JieHHe npH H3MepeHHH TOKa b oóMOTice pejie 3 a luh tu ot 
3aMbiKaHHH Ha xopnyc reHepaiopa. 




H3 BHpaaceHHH (XIV, 2) bhaho, >htó SHaneHne 

(j)HKTHBHOrO 3aMep«eMOrO COnpOTHBAeHHH TeM 

Sanace k AeftcTBHTeabHOMy, neM MeHbine conpo- 
THBaeHHe aMiiepMeTpa no cpaBHeHHio c conpo- 
THBaeHHeM Hceae^yeMoro aaeMeHTa. B xanecTBe 
BToporo npHMepa bahhhhh BeaHHHHbí BHyTpeH- 
Hero conpoTHBaeHHH H3MepHTeabHbix npnčopoB 
Ha pe3yJIbTaTbI H3MepeHHft H HaCTpOfiKH 3aiUHTbI 
MoaceT óbiTb paccMorpeH cayqaň TOKopacnpeAe- 
aeHHH b cxeMe AHtjjepeHUHaabHoň 3 amnTbi. Ha 
(jDHr. XIV, 8 npHBeaeHa cxeMa 3 aMepa TOKa b 06 - 
MOTKe peae npn 3aMbixaHHH Ha 3eMAK) b 30 He 
3 amHTbi MaKCHMaabHOň , mohihocth HyaeBoň no- 
caen,OBaTejibHOCTH reHepaTopa hah CHHxpoHHoro 
KOMneHcaTOpa. H3 cxeMw bhaho, hto ot btophh- 
hoíí oómotxh Tpanc(|)OpMaTOpa Toxa b Hyae re- 
HepaTopa i H pa3BeTBaaeTca b oĎMOTxy peae ( i p ) 
H BO BTOpHHHbie OÓMOTKH napaAAeAbHO COeflHHeH- 
HblX BHeniHHX TpaHCťjlOpMaTOpOB TOKa {i ' n ,). 

06o3HaHaH oSinee conpoTHBaeHHe Tpex na- 
paaaeabHO BxaxjneHHUx TpaHCcf>opMaTOpOB Toxa 
nepe3 (Z^), mohcho HanncaTb CAeAyx>mHe coot- 


HOUieHHH: 


— h~\~ hn’ 
JlL Z m 


íp — i H 


Z p + Z a ’ 


Z a + (Zp + Z m ) 


(XIV, 3) 
(XIV, 4) 
(XIV, 5) 


B ycaoBHHx HopMaabHofl cxeMbi, t. e. xorAa 
n3MepHTejibHbiň npn6op b nenn peae OTcyTCT- 
syet, tox b peae npH npoqnx paBHwx ycAOBHax 


l p ~ l H 


Zp + Z m 


(XIV, 6). 


Tok b nenn pe^e 3auiHTbi ťjrcif’- XIV, 8 3aMe- 
•paeťca c noMombio MHAAHaMnepMeTpa, a mhaah- 
aMnepMeTpw craHAapTHoro H3roTOBAeHHH očjia- 
AaioT óoabuiHM BHyTpeHHHM conpoTHBJíeHneM; 
b pe 3 y^ibTaTe tok, 3aMepeHHbiň b nenn peae npn 
HacTpoňxe 3aniHTU [ypaBHeHHe (XIV, 5)], MoaceT 
3 HaHHT 6 JIbH 0 OTAHHaTbCfl OT neňCTBHTejibHoro 
roxa b peae [ypaBHeHne (XIV, 6)] b ycAOBHax 
HopMaJibHOň cxeMU, 3ainnTa MoaceT oxa3aTbca 
HacTpoeHHOň HenpaBHAbHO. 

MeM MeHbuie 3HaqeHHe MaxcHMaAbHoro otkao- 
HeHHH CTpejixn npaSopa no uixaae, TeM SoAbine 
ero BHyTpeHHee conpoTHBAeHHe. 

3t 0 OÓTjHCHaeTCH TeM, HTO AAH OTKJIOHeHHa 
cTpe^ixH npnóopa HeoóxoAHMO npHAoacHTb Hexo- 
Topbiň MOMeHT, xax H3BeCTHo, nponopUHOHaab- 
Huň saexTpuqecxoft mowhocth: M op = k-Pz. 3aex- 
TpHaecxaa MOinHOCTb (i 2 z) npuSopa aah onpene- 
AeHHOfi KOHCTpyxnHH npHMepHO nÓCTOHHHa n HMeeT 
nopanox 1—2 VA. H3 BbipaaceHHa i 2 z CJienyeT, 
*jto aeM MeHbuie i, TeM SoAbine aoahcho óhtb 
■conpoTHBaeHHe z. MHAAHaMnepMeTpu CTaHAapT- 


hhx KOHCTpyxuHft, xax npaBHAo, oó^anaxjT bhY t 
peHHHM conpoTHBjíeHHeM nopa^xa 100 Q. C no- 
MOmbK) T3KHX npHÓOpOB npaBHAbHO HaCTpOHTb 
3amHTy bo mhothx cjiyaaax npe^CTaB^aeTca 3a- 
TpyAHHTeabHUM. IloaTOMy aaa sthx nejieň o6ua- 
ho Hcno^b3yK)Tca MHJijmaMnepMeTpw, nocTpoeHHbie 
Ha npHHunne TepMonapbi hjih Ha npHHnnne KOMneH- 
caunoHHOH CHCTeMM. ŤdxHe MHJiJiHaMnepMeTpbi mo- 

ryT ÓUTb BbinOJIHeHH C BHyTpeHHHM COnpOTHB- 
jieHHeM nopaAxa HecxoabXHX om. 3th npHÓopu 
h pexoMeH^yeTCa npHMeHaTb npa npoBepxe 3a- 
mHTbi, xorna 6o^ibuioe BHyTpeHHee conpoTHBaeHHe 
npHĎopa MO)xeT HCxa3«Tb pe3yabTaTM HacTpoftKH 
3amHTH. 

floAoSHbíM ace nyTeM mojkho noxa3aTb, hto 
b ^pyrnx cxeMax 3amHTM BanaHHe BHyTpeHHHX 
conpoTHB^ieHHň, Hcnojib3yeMbix npn HcnuTaHHax 
H3MepHTejibHbix npnóopoB h peryjrapyiomHX npn- 
cnoco6jieHHŘ, MoaceT HBHTbca npnqHHOň Henpa- 
BH/IbHOH HaCTpoňKH 3ainHTU. riOSTOMy non6op 
COOTBeTCTByromHX H3MepHTe^IbHUX npHÓOpOB H 
peryjiHpyiomHX npHcnocoO^eHHň HMeeT BecbMa 
BaacHoe 3HaaeHHe. 

8. flPOBEPKA riPABHJIbHOCTH CXEA1 BKJ1IOMEHH5I 
3AlU,HTbl C ÍIOMOlUbK) BEKTOPHbIX UHArPAMM 
TOKOB H HAnPfliKEHHM 

npn npoBepxe cxeM BiaxjiKjqeHHa cjiohchux 
3aujHT 3aMep ačcojnoTHbix Be^aqHH tokob h Ha- 
npaaceHHň, xax npaBH.ao, aB^aeTcá HeaocTaToq- 
hmm naa onpene^eHHa npaBH^bHOCTH BxatoqeHHa 
3auiHTbi. ripaBHabHOCTb BxaxjqeHHa MoaceT 6uTb 
onpeneaeHa TOAbxo c noMombio BexTopHUx jh- 
arpaMM tokob h HanpaaceHHň, noa,BeneHHUx x 3a- 
acHMaM peae. J\jm noCTpoeHna BexTOpHOň nnar- 
paMMbi tokob h HanpaaceHHň Heo6xojHMO 3HaTb 
nopa^ox nepeaoBaHHa 4>a3. Cnoco6 onpeneaeHHa 
nopansa aepeAOBaHHft $83 h CHaTHa BexTopHOft 
nnarpaMMbi npHBoanTca HHace. 

OnpeaeaeHHe nopaaxa nepenoBaHMa (pa3. 
HaHMeHOBaHHa 4>a3 Ha oT^e^bHoS CTaHiiHH hjih 
noncTaHHHH MoryT He cOBna^aTb c HaHMeHOBa- 
HaeM Tex ace (})a3 b cncTeMe. HanpHMep, (j>a 3 a 
Ha AaHHofl CTaHUHH vuia no^CTaHUHn, Ha3BaHHaa 
(J)a3oň A b CHCTeMe, mohíct SuTb aB^aeTea (Jiaáoň 
B hjíh C h t. n. Bc^encTBHe stoto nopanox 
aepenoBaHHa (jm Ha BexTOpHOň AHarpaMMe, non- 

CTpoeHHOň B COOTBeTCTBHH C HaiIMeHOBaHHHMH 
4>a3 AaHHoň CTaBnHH hah noACTaHUHH, MoaceT He 
coBnaAaTb c AeficTBHTeAbHiAM aepeAOBaHHeM <|)a3 
CHCTeMH. 

IlopaAOK aepeAOBaHHa <j>a3 ycTaHaBAHBaeTca 
c noMombio cnenHaAbHoro npHóopa, Ha3UBaeMoro 
yxasaTeaeM aepeAOBaHHa (j>a3, npeACTaBAaiomero 
COÓOft MaAeHbKHfl TpeX(j)a3Hblft aCHHXpOHHblft abh- 
raTeAb. Ero xopoTK03aMXHyTbiň poTop Buno.r- 
HeH b BHAe AHCxa, a CTaTop b bhac Tpex xaTy- 
rnex c OoAbuiHM qncAOM bhtxob, pacnoAoaceHHbiň 
Ha očmeM cTaabHOM cepAeHHnxe. HanpaBAeHHe 
BpameHHa poTopa ax)6oro acHHxpoHHoro ABHra- 
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Te,řiH 33BHCHT ot nopauKa qepeAOB3HHH 4 )a3 
nHTaiomeň ero cení. 3to cbohctbo npaóopa h 
Hcnojib3yeTCH aah ycTaHOBAeHHH nopauKa nepe- 

AOBaHHH 4>a3 Ha AaHHOŘ CT3HUHH HAH noACTaH- 
UHH. 

npHÓop noKa3aH Ha <Jmr. XIV, 9. CKB03b ot- 
BepcTiie b BepxHefi qacTH npuóopa bhach ahck, 
KOTopuft npH BK^meHHH .npHĎopa HaqnHaeT Bpa- 
matbca b Ty hah HHyro CTopoHy. 



4>iir. XIV,9. yKa3aiejib HepeaoBaiiHH (f>a 3 . 


yroA b 120°. Tax KaK HanpaaceHHe aah Aio6oro 
KOJinqecTBa napa^ae^ibHbix BeTBeň cncTeMH hb- 

AHeTCH OÓIUHM, TO 3a OCH KOOpAHHaT CHHTHH 

BeKTopHbix ,n,HarpaMM tokob BecbMa yAOĎHO npH- 
HSTb HanpaBJíeHHH BeKTopoB HanpaxceHHň. npH 
9TOM TeopeTHaecKH a^h stoh ueAH c paBHH m 
ycnexoM MoryT 6 htb HcnoAb30BaHbi KaK 4>a3Hbie, 
Tax h AHHeňHbie HanpaaceHHa. Oah3ko npaKTH- 
aecKH AHHeňHbie HanpaaceHHH b HOpMaAbHbix 


*K 



■x 


q>nr. XIV.10. OnpeaeJieHHe <J>nr. XIV,11. ťlocTpoeHHe Bei/- 
iiopaflKa MepeflOBaHHH cf>a 3 TOpa c noMombio flByx npoeKUKii 
npHÓopOM no <jmr. XIV, 9. Ha ABe ocn Koopiumai, 


no HanpaB.ieHHio BpameHHa ahck 3 npngopa 
ycTaHaBJíHBaeTca nopaAOK qepeAOBaHHH 4>a3 AaH- 
Hoň ceTH. Ecah, HanpHMep, 3aacHMbi npnóopa 
noAKAioqeHbí k 4>a3aM ceTH b TaKOM nopaAKe, 
KaK noi<a3aHO Ha <j)Hr. XIV, 10, h ahck npnóopa 
BpamaeTca no qacoBOfi ěrpeAKe, to nopaAOK 
aepeAOBaHHH (j)a3 AaHHOfi ceTH HBAaeTca npa- 
BHflbHHM, t. e. ABC, BCA hah CAB. Ecah ace 
ahck npu6opa BpamaeTca npoTHB qacoBofl CTpeA- 
kh, to nopaAOK qepeAOBaHaa HBnaeTca He- 

npaBHAbHUM, t. e. ACB, CBA hah BAC. B co- 

OTBeTCTBHH C 3THM HaHMeHHBaHHH (})a3 (HaPpH- 
Mep, B h C) Ha BeKTopHoň AnarpaMMe Heoóxo- 
AHmo noMeHaTb MecTaMH. 

nopaAOK qepeAOBaHHa <|>a3 CHCTeMbi MoaceT 
óbiTb onpeAeAeH h ApyrnMH MeTOAaMH. Oah 3KO 
onHcaHHuft MeTOA HBAaeTca HauSoAee npocTbiM 
h AocTyiiHbíM h HMeeT nosTOMy niHpoKoe pac- 
npocTpaHeHHe b npaKTHKe. 

Bbl 60 p CHCTeMbi KOOpAHHaT A JIH CHHTHH BeK- 
TOpHofi AHarpaMMbi tokob. H3BecTHo, hto noAo- 
ACeHHe BeKTOpa AiOÓOfi BeAHHHHbl B AaHHOň CHC- 
TeMe KOOpAHH3T AďKO OnpeAeAHTb, eCAH H3- 
BecTHbí ero npoeKUHH Ha ABe b33hmho nepece- 
Karomneca och KoopAHHaT. HanpHMep, ecAH AaHbí 
ABe npoeKUHH-{-O a; a ~{-Oy BeKTOpa b CHCTeMe 
KoopAHHaT (4>ht. XV,11), to BeKTop A onpe- 
AeAaeTca AByMa ToquaMH: HaqaAOM KoopAHHaT 
O h TOMKoň nepeceqeHHa nepneHAHKyAapoB, boc- 
CTaBAeHHHX K OCHM KOOpAHH3T Ha KOHUaX A3H- 
Hbix npoeKUHfl. 

yroA nepeceqeHHa oceň KoopAHHaT b oómeM 
CAyqae MoaceT 6bm> pa3AHqHbiM. /Iah CHCTeMbi 
Tpex<J)a3Horo TOKa HanŠoAee yAoOHUM aBAaeTca 
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I. 



<t>Hr. XIV,12. npoeKUHH BeKTOpa TOKa na TpH ocw 

KOOpflHH3T. 

ycAOBHax, KaK npaBHAo, óHBaioT MeHee HCKaHíeHbí 
BCAeACTBHe OTCyTCTBHH B HHX COCTaBAHIOIUeň H>- 
AeBoS nocAeAOBaTeAbHOCTH. noaTOMy TaM, rAe 
HecHMMeTpHa 4>a3Hbix HanpHAceHHň BeAHKa h Tpe- 
OyeTca 6oAee ToqHaa BeKTopHaa AHarpaMMa tokob, 
HcnoAb3yioTCH AHHeňHbie HanpaaíeHHH. . 

npoeKUHH BeKTOpa TOKa Ha HanpaBAeHHe BeK¬ 
TOpa iianpameHHH mojkct fibiTb CHHTa c noMo- 
IUbK) B3TTMeTpa, OTKAOHeHHe CTpeAKH KOTOpOrO 
nponopuHOHaAbno aKTHBHofl moiuhocth P a — 
= U-I- cos ©. 

AKTHBHaa cocTaBAHiomaa TOKa l a —I- cos® 
HBAaeTca npoeKuneň BeKTOpa TOKa Ha BeKTop 
HanpauceHHa. npn stom ecAH npoeKUHH BeKTopa 
TOKa coBnauaeT c noAoacHTeAbHUM HanpaBAeHueM 
BeKTopa HanpaaceHHa, to CTpeAKa BaTTMeTpa 
OTKAOHHTCH B CTOpOHy nOAOHCHTeAbHOfl qaCTH 
niKaAu; ecAH uce npoeKUHH BeKTopa TOKa cosna- 



aaeT c OTpHuaTe^bHbm HanpaBAeHHeM BeKTopa 
HanpaaceHHH, to CTpeAxa BaTTMeTpa otkaohhtch 
b CTOpoHy OTpHuaTejibHoň nacTH nixa./ibi (HMeeTCH 
B BH^y BaTTMeTp C AByxCTOpOHHKM OTK«TOHeHH 6 M 

cTpe/iKH). BcjieacTBHe roro. hto noAOJKHTeAbHbie 
HanpaB^eHHa BeKTopoB HanpaaceHHň paciuwioaceHbí 
noA yrjiOM 120°, a hx aóco^íOTHue BeAHHHHbí 
paBHH Meacay coóoii, ajireópaaaecKaa cyMMa npo- 
eauuŘ BeKTopa Toxa Ha Bce Tpn HanpaaceHHa 
paBHa Hy^io. JXeňcTBHTejibHO, cyMMy npoexuHň 
BeKTopa Toxa Ha TpH HanpajxeHHa <J>Hr. XIV, 12 
MOHCHO BbIp33HTb Tax: 

“^np — ^np~\~ ^np == ^‘ C0S ?4 + ^‘ C0S '?B + 

-j- / • COS ©£ =/ [cos cp A -} 1 COS <?s + 

+ coscp c ]=0. (XIV, 7) 

C^eflOBaTe^ibHO, a.Tre6paHHecxaa cyMMa noxa- 
3aHHíi BaTTMeTpa, CHaTbix jb/ia OAHoro Toxa h 
T pex HanpajxeHHň CHMMeTpuaHoň Tpex(j)a3Hoň 
CHCTeMbi, 6yAeT Tax>xe paBHa Hyaro. 9 to nojio- 
aceHHe aBJíaeTCa BecbMa yAoÓHbíM ana npoBepxn 
npaBH^ibHOCTH npoH3BeaeHHa 3aMepOB npH chhthh 
BexTopHoft AHarpaMMbi toxob. JUjih onpeae^eHHa 
no^oaceHHa BeKTopa Toxa corjiacHO (Jmr. XIV, 8 
AOCTaroHHO HMeTb npoexuHH Ha ABe och, t. e. 
Ha RBa HanpajxeHHa. OAHaxo 3 to 6yAeT npaBHAb- 
ho Tojibxo b tom CAynae, ecjiH noAOHCHTeAbHbie 
HanpaB^eHHa HanpH>xeHHft onpeAejieHbí npaBHAbHO. 
npaxTHaecxH HanpaB^eHHa noABOAHMbix x BaTT- 
MeTpy HanpaaceHHň npn chhthh BexTopHoft AHa¬ 
rpaMMbi toxob MoryT 6biTb Aerxo nepenyTaHbi. 

CHHTne npoex‘u,Hň BexTopa Toxa Ha TpH Ha- 
npaaceHHa BMecTo Aeyx no 3 BOAaeT npOBepHTb 
npaBHAbHocTb npoH 3 BeAGHHbix 3 aMepOB, Tax xax 
npn npaBHAbHbix 3 aMepax aArefipaHHecxaa cyMMa 
Tpex noxa 3 aHH 0 BaTTMeTpa BcerAa aoa 5 kh 3 paB- 
HHTbCH Hyjiio. 

CHHTne BexTopHOň AHarpaMMbi tokob. Rji a 

CHHTHH BeXTOpHOň AHarpaMMbi TOXOB TpefiyiOTCH 
cAeAy^mne npHóopbi: 

1) aMnepMeTp — juin 3aMepa ačcojiioTHOň Be- 
HHHHHbí Toxa b TeneHne npouecca chhthh BexTop- 
hoh AHarpaMMbi; 

2) BOAbTMeTp—A^IH OnpeAeAeHHH $a3HbIX HJIH 
AHHeňHwx HanpHHteHHň; 

3) BaTTMeTp — A^H 3aMepa OTHOCHTeAbHblX 
BeaHHHH npoexuHň HcxoMoro BexTopa Toxa; 

4) yxa3aTeAb qepeaoBaHHH 4>a3 — ajih onpeae- 

AeHHH řiopnAKa aepeAOBaHHH 4>a3 HanpaHceHHň. 

Ha (Jwr. XIV, 13 noxa3aHa cxeMa BXAroaeHHH 
3 thx npufíopoB ajih chhthh BexTopHOfi AnarpaM- 
Mbi Toxa b npeAnoAaraeMoň <})a3e c noMombio 
4>a3Hwx Hanpa>KeHHfl. 

3aacHMM oómotox BaTTMeTpa aoahchh HMeTb 
o 6 o 3 HaaeHHH ycjiOBHO# no^apHOCTH, xoTopaa 
AOJDKHa co6AK)AaTbca b npouecce CHHTHH Bex- 
TopHofl AnarpaMMbi. Uenb Toxa ot Hana^a 06- 
MOTXH TpaHC(j)OpMaTOpa Toxa nOABOAHTCH K 3 a- 
JKHMy TOKOBO 0 OĎMOTXH BaTTMeTpa CO 3HaXOM 


IIAIOC, a 335KHM TO0 HCe OĎMOTKH CO 3H3KOJC 
MHHyc HanpaBAeH b CTopoHy Hy-neBoro npOBOAa 
cxeMbi coeAHHeHHa TpaHCťpopMaTOpoB Toxa. Ha- 
aaAo oďmotxh (J)a3u A TpaHCípopMaTOpa Hanpa- 
aceHHH npHCoeAHHaeTCH x 3a>KHMy oďmotxh Ha- 
npaaceHHH BaTTMeTpa co 3HaxoM nAroc, a 32 ®hm 
OÓMOTXH HanpHaceHHH CO SHaXOM MHHyc npHCO- 
eAHHHeTCH K HyAeBOŽ TOHXe TpaHC({)OpMaTOpOB 



<řnr. XIV,13. BKJHOienHe npHÓopoB ajih chsth« BeKTopaoi” 
AHarpaMMbi tokob c noMombio ^a3Hbix HanpaweiiHK. 



4>ar. X1V,14. BKAioTeHHe npnfíopoB ajih ch«thh BeKTOpnoi' 
AHarpaMMbi tokob c noMombio JinneHiibix nanpsíHceHiiii. 

HanpHHteHHH. EcAH npH TaXOM BXAX)HeHHH BHTT 
MeTpa CHHTa' npoexuHH BexTopa Toxa Ha Hanpn- 
HteHHe 4>a3w A, to npn chhthh npoexuHft TOTO 
ace BexTopa Ha HanpHJxenHH 4>a3 B h C nopnAOK 
npHHHTOft nOAHpHOCTH npHCOeAHHeHHH BaTTMeTpa 
H3MeHHTb HeAb3H. 9t0T nOpHAOX AOA5KCH COXpa- 
HHTbCH H npH CHHTHH BeXTOpOB TOXa B ApyrHX 

4>a3ax. ToJibxo npn cTporOM co6AK)AeHHH stoto 
ycjioBHH CHHTbie BexTopHwe AHarpaMMbi tokob 
ByAyT npaBHAbHbíMii. 
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<f>i:r. XIV.17. BKJiHwme npnĎopoB jtJia chatka BeiaopHHX flHarpaMM tokqb b uenax AH^epeHUHajibHOH 

3aiu.HTbi Tpanc^opMaTopa. 


Ha <f>sir. XIV, 14 noKa3aHa cxeMa BKflroneHHH 1. flonycTHM, hto npn npucoeAHHeHHH k 
npHČopoB aah chhthb BeKTopHoň AHarpaMMbi BaTTMeTpy HanpaHceHHH U>k <$a3bi }K BaTTMeTp 
tokob c noMombio JiHHeflHbix HanpsDKeHHň. H3Me- HMe^i noKa3aHHe, paBHoe cTa ÁBafluaTH OAHOMy 
HíieTCH TOflbKO cxeMa noAK^ioqeHHfl oómotkií Ha- AefleHHio b CTOpOHy noflOxcHTeflbHoft nacTH uiKaflbi. 
npfljiceHHH BaTTMeTpa. Bo Bcex ocTa^bHMx qacTax B npoH3BOflbHOM MaciHTaóe sto noKa3aHHe BaTT- 
yC.lOBHH CHHTHH BeKTOpHOň AHarpaMMbi TOKa OC- MeTpa H3HOCHTCH Ha OCb HanpHXCeHHH cj)a3bl }K 
raioTCH TeMHJKe, hto h npn 4>a3HbixnanpH>KeHHHX. b nofloacHTeflbHOM HanpaBfleHHH. Hepe3 nojiv- 
JXa h yaoócTBa h óbicrpoTbi nocTpoeHHa BeK- neHHyio TOHKy npoBOAHTca npaMaa, nepiieHflH- 
Topnbix anarpaMM tokob peKOMeHflýeTca HMeTb KyflapHaa 3T0ň och. 

roTOBbie čflaHKH aa a 3 anHCH noKa 3 aHHň npHČopoB 2. Ilpn npncoeAHHeHHH k BaTTMe rpy Hanpa>Ke- 
c ceTKOŘ CHCTeMbi KOopflHHaT. B KaqecTBe npn- hhh Uk <J>a 3 bi K noKa 3 aHHe BaTTMeTpa óbino, no- 
Mepa Ha (Jmr. XIV.15 noKa 3 aH Tanoft 6 a 3 hk c Ha- aohchm, paBHO TpnfluaTH fleBHTH AefleHHHM b cto- 
HeceHHeM cooTBeTCTByiomHX noKa 3 aHHň BaTTMeT- poHy OTpHuaTeflbHoň qacTH uiKaflbi. B tom x<e 
pa a nocTpoeHHHMH BeKTOpaMH Tpex tokob. MacuiTaCe, hto h aah HanpaflceHHa 4 53361 W, no- 
B cKCTeMax nacTO npHHHMaerca HaHMeHOBaHHe Ka 3 aHne» BaTTMeTpa HaHOCHTCa Ha ocb Hanpa- 
cf»a 3 no hx pacKpacKe c nopaflKOM nepeflOBaHna aceHna <j>a 3 bi K b OTpHuaTeAbHOM HanpaBfleHHH. 
}KK3. Ha óflaHKe HaHeceHbí TpH och KOopflHHaT, Hepe 3 noflyneHHyio TOMKy npoBOflHTca npaMaa, 
pacnoAOHceHHbie nofl yrAOM 120° h HMeiomne. nepneHAHKyflapHaa 3 T 0 fl och. TaKHM xce 
noAOHCHTeflbHbie h OTpHpaTeflbHbie HanpaBfleHHH. nyTeM nocTynaiOT h c noKa 3 aHHeM BaTTMeTpa 
BeKTopHaa AHarpaMMa TOKa cTpoHTca cfleAyio- npn noflBeAeHHH k HeMy HanpaxceHHH U3 
xuhm nyTeM. <j)a 3 bi 3. 
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CoeAHHaa TOMKy nepeceneHHa Tpex npaMbix 
c HanaAOM KoopaHHaT, noAynaeM hckomhA Bex- 
TOp TOKa. 

npaBH.ibHOCTb npoH3BeaeHHbix 3aMepoB npo- 
BepaeTca aAreópaHHecxoň cyMMOň noxa3aHHň 
BaTTMSTpa. B aaHHOM cAynae 

2P=+ 121— 80 - 39 =4-2=^0. 

CaeaoBaTe^ibHO, BexTopHaa AnarpaMMa TOKa 
CHara npaBHAbHO. TaxnM ace nyTeM CHHMajoTca 
BeKTopHbie anarpaMMU tokob h aah apyrax (pa3. 

CyMMa noKa3aHHň BaxTMeTpa iipaxTHHecxn 
pe^KO 6biBaeT b tohhocth paBHoft Hyjiio. Otxao- 
Henne ot Hyaa noAynaeTca 3a cneT hctobhocth 
OTcaeTOB noKa3aHiiň npnSopoB, a Taxace 3a cneT 
KoaeóaHiia Tona h HanpaaceHHa b TeneHHe npo- 
uecca CHaTHa BexTopHOfl AnarpaMMH. OAHaxo 
sra HeToaHOCTb He HMeeT npaxTHHecxoro 3Hane- 
Kiia. HaHMenoBaHHe <|)a3bi h HanpaBAemie Bex- 
TOpa Toxa ycTaHaB^HBaeTca npn stom npaBHAbHO. 
H3 BexTOpHoft AnarpaMMbi <]iHr. XIV,15 bhaho, hto 
BexTopbi Bcex <J)a3 o rcTaioT ot cooTBeTCTByiomHx 
HanpaaíeHHň npHMepHO Ha OAHHaxoBHŽ yroA. 
Cae^oBaTejibHo, HaHMeHOBanne 4> a3 toxob b 
aaaHbix npoBOAax HBAaeTca npaBHAbHbíM. Ha 
4>Hr. XIV,16 noxa3aHa CHaTaa xaxHM ace cnoco- 
6 om BexTOpnaa AnarpaMMa toxob, H3 xoTopoň 
BHAHO, HTO HaHMeHOB 3 HHe (})a3 TOXOB ( K) H ( 3) 

HepenyTaHbí h, CAeAÓBaTeAbHO, aoaachh nowe- 

HSTbCH H MCCTaMH. 

C noMOmbK) BexTopHbix AHarpaMM toxob 
npoBepaeTca. npaBHAbHOCTb BKAioHeHHH Bcex 
caohchhx 3am.HT, xax-TO: AHCTaHixHOHHbix, AH<|>e- 
peHUHa.íbHbix, HanpaBaeHHHx h t. n., rae Heoó- 
xoahmo oóecneaHTb npaBHAbHoe coneTaHHe coot- 
BeTCTByKMUHX <pa3 TOXOB HAH OAHOBpeMeHHO 
toxob h HanpaaceHHfl. 

9 . I1POBEPKA nPABHJlbHOCTH BKAIOHEHHH flH«I»E- 

PEHUHAJlbHOň 3AIUHTbI TPAHC<I»OPMATOPA 

B xanecTBe npHMepa paccMOTpHM cnocoó npo- 
BepXH IipaBHAbHOCTH BKAIOHeHHH CXCMbl AH^ie- 
peHUHajibHofl 3amHTbi TpexoÓMOTOHHoro TpaHC- 

(JjopMaTopa 110 kV/33 kV/6,6 kV (<í»Hr. XIV, 17) 
c noMombK) BexTopHbix AHarpaMM toxob. 

OcHOBHaa TpyAHocTb b npoBepxe cxeMÚ 3 a- 
xaioHaeTCH b ycTaHOBAeHHH npaBHAbHoň (J>a3H- 
pOBXH npOBOAOB, npHXOAHUíHX OT TpaHClJíOpMa- 
TopoB Toxa x 3aacHMaM peae. B npHMepe pa3o6- 
paH nopaAox npoBeaeHHa <jia3HpoBXH TOAbxo aah 
oahoíí 4»a3bi, Tax xax onepaiiHH c 4>a3HpoBxo8 
Apyrnx <pa3 coBepiueHHO aHaAorHHHbi. 

B ocHOBy npoBepxH XAaAeTca to noAoaceHHe, 
hto npH paóoTe TpaHccjiopMaTopa co Bcex Tpex 
CTopoH cyMMa npnxoAamHx toxob BcerAa paBHa 
cyuMe yxoAamax toxob (toxom HaMarHHHHBaHHa 
npeHeóperaeM). Te ace yCAOBHH coxpaHHioT ctviy 
h aah BTopHHHbix ueneň. Ecah cxeMa 3auiHTu 
BXAioHeHa npaBHAbHO, to tox b paóoHeft xaTymxe 
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pe^e TeopeTunecxH AoaaceH óbiTb paBeH nyaro. 
řlpaxTHHecxH oh paBeH He Hyaio, a Toxy Heóa- 
AaHca. ripeAnojiaraeTca, hto Bce npeABapHTejib- 
Hbie npoBepxH oTAeAbHbix aaeMeHTOB cxeMbi yace 
BbinoAHeHbi. CxeMa co6paHa c yneTOM yace H3- 
BecTHoň noaapHOCTH btophhhwx oďmotox TpaHc- 
4>OpMaTOpOB Toxa. OcTaeTCH BbinOAHHTb TOAbXO 
xoHTpoabHyx) nposepxy Bceň cxeMbi 3amHTH b 
ueaoM c noMombio BexTopHoň AwarpaMMbi toxob. 
Taxaa npoBepxa HB^aerca o6a3aTeabHOH, Tax 
xax npn BbinojiHeHHH cxeMbi B03M0acHbi ouihóxh, 
xoTopue He Bceraa MoryT óbiTb BcxpbiTu npocTbm 
3aMepOM aócoaxjTHbix BeaHHHH toxob. 

' C 3TOň uejIbK) CHHM3K)TCa BeXTOpHbie AHa- 
rpaMMhi toxob bo Bcex npoBOAax, noABOAHMbix 
x 3aacHMaM peae. 

Ha $nr. XIV,17 noxa3aHa cxeMa BxaioHeHna 
npHÓOpOB AAH CHHTHH BexTopHoň A.HarpaMMbi TO¬ 
KOB b pe^e 4>a3U A, B a3hhom caynae ncnoab- 
30BaHbi 4>a3Hbie HanpaaceHHa. C co6jno,o.eHneM 
Bcex ycjiOBHft, onHcaHHbix npn paccMOTpeHHH 
<^Hr. XIV,13 h XIV,14, noonepeAHO CHKMaioT- 
CH H CTPOHTCH BeXTOpHblfc AH3rpaMMbI TOXOB 

bo Bcex npoBÓAax, npncoeAHHaeMHx x 3aacnM3M 
peae. Flocjie nocTpoeHHa AnarpaMM npnxoAHTca 
HMeTb AĚAO TOAbXO C BeXTOp3MH TOXa H HX 
B33HMHbiM pacnojioaceHHeM. Ha (Jmi - . XIV,18 no- 
xa3aHa BexTopHaa anarpaMMa toxob, noABOAHMbix 
x 3aacHMaM peae $a3bi A ot TpaHCcjjopMaTopoB 
Toxa co CTopoHH 110 kV, 33 kV h 6,6 kV chao- 
boto TpaHc^opMaTopa. H3 BexTopHoň AHarpaM- 
mm bhaho, hto reoMeTpHHecxaa cyMMa toxob co 
CTopoHbí 35 kV h 6,6 kV onerib ÓAH3xa x tokv 
co CTopoHbí 110 kV, xax no BeaHHHHe, Tax h no 
<|)a3e. Pa3HOCTb MeacAy sthmh tox3mh A©AacHa 
npoTexaTb Hepe3 paňonyio xaTymxy pe.ae. Ecah 
BCe 3TH yCAOBHH HMeiOT MeCTO, TO CXeMa BKAK)- 

HeHHH 3ŠmnTbi BbinoAHeHa npaBHAbHO. Ecah sthx 
ycAOBHň ne HMeeTca, to b cxeMe 3amHTbi xMeeTca 
HenpaBHAbHOCTb, xapaxTep xoTopoň MoaceT 6biTb 
yCT3HOBAeH H3 aHaAH3a BeAHHHH H (|>a3 BCKTOpOB 
Toxa. TaxHM ace cnocoóoM BeAeTCH npoBepxa 
BKAK)HeHHH cxeMbi ii aah peAe Apyrnx ^ a 3- 

10. I1POBEPKA nPABHJlbHOCTH BXJIKJ4EHH53 PEAE 
HAnPABAEHHH MOIUHOCTH nOfl PABOHHM TOKOM 

B xanecTBe BToporo npiiMepa npHBOAHrcsi 
yCAOBHH npOBepxn npaBHAbHOCTH cxeMÚ BKAIO- 
HeHHa peae HanpaBAeHHH moiuhocth noA paňoHHM 
toxom, t. e. noA AeflCTBHeM toxob HopMaAbHoii 
Harpy3xa ceTH. npH stom npeAnoAaraeTCH, xax 
h b npeAbiAymeM CAynae, hto cxeMa co6paaa c 
yneTOM yace H3BecTHoň noAapHOCTH btophhhhx 
O 0MOTOX TpaHC^IOpMaTOpOB TOXa H TpaHC({)OpMa- 
TopOB HanpaaceHHa h TpeSyeTCH npoHSBecTii 
xoHTpoAbHyio npoBepxy BXAKjneHHH Bceň cxeMbi 
B UeAOM. 

B 3aAany xoHTpoAbHoň npoBepxH 3amHTbi 
bxoaht: onpeAeAHTb, npaBHAbHO ah cočpana 




<t>Hr. XIV.19. CxeMa sJíeMeuiapnofl 
CHCTeMbl C AByXCTOpOHHHM RHTaHtieM. 
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<t>Hr. X1V.18. BeKTOpRaa flHarpaM.va tokob npn npaBHJibHOM bkjhorbhhh 
1 3aiRHTii no (|>nr. XIV, 17. 


cxeMa b ue^OM h, c^ieaoBaTejibHO, 6y.neT jih 3 a- 
mHTa paĎOTaTb npaBHJibHO b ycjioBHax noBpexc- 
aeHHa b ceTH. 3aTpyAHeHHH .b onpeAejieHHH npa- 
BH^bHOCTH cóopKH cxeMbi BKJuoueHHa pe.ne oéy- 
oioBJíHBaioTca TeM, mto fleňcTBHe pejie ot tokob 
HopMajibHoS Harpy3KH MoaceT 6biTb coBepmeHHO 
OMHflHHM OT HX AeňCTBHH B yCJIOBHHX nOBpeMC- 
iieHHH B CCTM. 

Kax H38ecTHO, neflcTByK)fflHň Ha pejie Bpa- 
maiomHfl momcht npa npoHHX paBHbix ycjiOBHax 
saBHCHT ot yraa CABHra ťj? a 3 Mexcny tokom h 
H anpajKeHHeM Ha ero 3aiKHMax. 3 tot yro;i b Hop- 
MaJIbHblX yC40BHHX 33BHCHT OT OTHOUieHHH Be- 
JIHHHH H HanpaB^eHHň aKTHBHOň H pea.KTHBHOň 
COCTaBJIHIOlUHX MOIUHOCTH H MOHCeT CblTb COBep- 
UieHHO HHblM, MeM B yCJIO BHBX KOpOTKOTO 3aMbI- 


<í>Hr. XIV,20. M3MeHeHne vra a cflBHra $a3 
Mewfly tokow h nanpH>KeHHeM b 3aBticnMocin 
ot cooTROiueHHa BeaHRHH h HanpaBaeHHH co- 
CTaB.iaKJLUHX MOIUHOCTH. 

K3HHH. H3BeCTHO, HTO HaiIpaBJíeHHfl aK- 
THBHOft H peaKTHBHOň COCTaBJIHIOIUHX 
MOIUHOCTH B HOpMa^bHUX yCJIOBHHX 

MoryT He coBnajiaTb. Ha <|>Hr. XIV.19 
noKa3aHa ynpoiueHHaa cxeMa chctcmw. 
Ha jihhhhx KOTopoň ycTaHOBJíeHa 3a- 
íUHTa, HMeiouzaa opraH HanpaBJíeHHH 
MOIUHOCTH. B 33BHCHMOCTH OT pacnpe- 
Ae^eHHH Harpy3KH noTpeČHTejieň, uh- 
TaiouiHXCH ot uihh noncTaHUHá A, B 
h B, h AeňcTByrouíeň reHepaTopHoft 
MOmHOCTH Ha CT3HUHHX (A) H (A 1 ) 
MoryT 6biTb cjienyiouiHe bo3mohchhc 
nanpaB^eHHH aKTHBHOft h peaKTHBHoft cocTaBjíaio- 
iuhx MomHocTH, HanpiiMep, uepe3 BHKAioHaTeJib 
3 noacTaHUHH B: 

1) 3KTHBH33 H peaKTHBHaa COCTaBJIHJOIUHe MOUI- 
hocth HMeioT HanpaBJíeHHe ot uihh noacTaHUHH 

vB JIHHHK); 

2) 3KTHBH3H cocTaB^HiomaH HMeeT HanpaBJíe- 

HHe ot ihhh, a peaKTHBHaa cocTaBJíaioiuaH 

K HIHH3M; 

3) aKTHBHaa h peaKTHBHaa cocTaBjíaiomHe 

HMeioT HanpaBjíeHHe k uiuHaM; 

4) aKTHBHaa cocTaBJíaiomaa HMeeT HanpaBJíe- 

HHe k IUHH3M, a peaKTHBHaa cocTaB^aromaa 

OT UIHH. 

ripeAnojiaraeTCa, hto peaKTHBHaa cocTaaaaio- 
maa MomHocTH HBjíaeTca HHAyKTiiBHoň. ^onv- 
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cthm, hto noaoacHTeabHoe HanpaBaeHHe BeKTopa 
HanpaaceHHa, HanpHMep, <|>a3u A, coBnaaaeT c 
noaoacHTeabHbíM HanpaBaeHHeM och AeftcTBHTeab- 
HblX BeaHHHH Ha <j)Hr. XlV,20. PaCCMOTpHM 
noaoaceHiie BeKTopa Tona (J)a3bi A b BbiKaxm- 
Teae 3 noACTaHUHH B no OTHomeHHio k BeKTOpy 
HanpaaceHHa Toň ace 4>a3bi b 33bhchmocth ot 
cooTHomeHHH Be^inanH n HanpaBjíeHHa aKTHBHOfl 
a peaKTHBHoň cocTaBJíaiomHx moiuhocth. 

IlpHMeM, hto HanpaBaeHHe ot uihh HBAaeTca 
nOAOHCHTeAbHblM, a K IHHH3M OTpHUaTeJIbHblM. 

npH HatipaBJISHHH aKTHBHOň H peaXTHBHOft 
cocTaBJiaiomnx moiuhocth ot uihh noACTaHUHH 
BeKTop Toxa / A oTCTaeT ot HanpaaceHHa U A Ha 
HexoTopbiH yroa CABHra 4>a3 ® A h pacnoaaraeTca 
b nepBOM KBaApaure 4> Hr * XIV, 20. 

BeaHUHHa yraa 33 bhcht ot cooTHOiueHHa Meac- 
ny aKTHBHOH H peaKTHBHOŘ COCTaBaHKUUHMH co- 
npoTHB^eHHa Harpy 3 KH. Ecah yMeHbmaeTca peax- 
THBHaa cocTaBJíajonxaa moiuhocth npn HeH3MeH- 
Hoň BeanaHne axTHBHoň cocTaBaaiomeň, yroa <? A 
yjieHbmaeTca h, xorAa peaKTHBHaa cocTaBaaioiuaH 
paBHa Hyaio, <? 4 Taxace 6yueT paĚeH Hyaio. Ha- 
npaBaeHHe BexTopa Toxa coBnaAaeT c HanpaBae¬ 
HHeM BeKTopa HanpaaceHHa. Ecan peaKTHBHaa 
MomHOCTb čyaeT HMeTb HanpaBaeHHe k uiHHaM 
noacTaHUHM, to peaKTHBHaa cocTaBaaioiuaH Toxa 
OTaOHCHTCH B OTpnnaTe^bHOM HanpaBaeHHH no 
OCH MHHMblX BeaHHHH. BeKTOp noaHOrO TOKa (/ A ) 
nepeftueT bo BTopoň KBaApaHT. npH yMeHbiue- 
hhh Be.iHHHHbí aKTHBHOň coctaBaaioiueň MOUIHO- 
cth yroa CAsnra <J>a3 Meacuy tokom h Hanpaace- 

HH6M BO BTOpOM KBaApaHTe ĎyAeT yBeAHHH- 

BaTbca. řípu P a =0 yroa CABHra <|)a3 paBeH — 90°. 
Ecah aKTHBHaa cocTaBAmoinaa moiuhocth 6yueT 
HMeTb HanpaBaeHHe Taxace x niHHaM, xax h peaK¬ 
THBHaa, to BexTop noaHoro Toxa (l A ) nepeňaeT 
b TpeTHň KBaApaHT. H, HaxoHeu, npH Hanpasae- 
hhh axTHBHoň cocTaBAaxnueň moiuhocth k uiHHaM, 
a peaKTHBHoň ot uihh, BexTop noaHoro Toxa (I A ) 
nepeíiAeT b aeTBepraň KBaapaHT; TaxuM o6pa- 
30M B 33BHCHM0CTH OT COOTHOnieHHH BeaHHHH H 
HanpaBJíeHHň axTHBHoň h peaKTHBHoň cocTaBaaio- 
luhx moiuhocth yroa CABHra 4>a3 Meacuy tokom 
h HanpaaceHHeM cooTBeTCTByioiuHx <J>a3 b Hop- 
MaabHbix ycAOBHax MoaceT H3MeHHTbca b npeue- 
aax ot 0° ao 360°. B cootbctctbhh c sthm peae 
HanpaBAeHHa moiuhocth b HopMaabHbix ycaoBHax 
MoaceT AeflCTBOBaTb h na 3aMbixaHHe h Ha pa3- 
MblKaHHe KOHT3KTOB. 

OnpeueaHTb b sthx ycaoBHax npaBHabBOCTb 
cxeMbi BKAioneHna peae HanpaBAeHna moiuhocth 
c noMOmbK) npocTOři npoBepxH ueficTBHa peae 
Ha 3aMbixaHHe hah pa3MbixaHHe xoHTaxTOB He 
npeACTaBvTaeTca bo3mohchhm. ,fl,aH stoto iieočxo- 
AHMO AOnOAHHTeAbHO 3HaTb COOTHOmeHHe aKTHB- 
HOft H peaKTHBHOň COCT3BAHK)mHX MOIUHOCTH B 
nepBHHHoň uenH no BeuHHHHe h HanpaBAeHHio h 
B 33HMHoe pacnoaoaceHHe BexTopoB Toxa h Ha- 
npaaceHHa noABOAHMbix x 3aacHM3M peae. 
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H3 COOTHOHieHHH BeAHHHH H HanpaBAeHHH ax- 
THBHOň H peaKTHBHOft COCTaBAHKJinHX MOUI.HOCTH 
B AaHHblft MOMeHT B nepBHHHOň CeTH yCTaH8BAH- 
BaeTCa, b xakoM KBaApaHTe AOAaceH HaxoAHTbca 
BexTop Toxa AaHHoň 4>a3bi. A c noMombio Bex- 
TopHofl AnarpaMMbi Toxa ycTaHaBAHBaeTca ero 
AeftCTBHTeabHoe noaoaceHHe no OTHomeHHio x 
BexTopy HanpaaceHHa. riocae onpeAeAeHHH no- 
AoaceHHa BexTOpa Toxa npoBepaeTca AeftcTBne 
peae. OAHaxo npeABapiiTeAbHo HeoóxoAHMO 3HaTb 
30 Hy AeftCTBHH peae no yray. Ha $Hr. XIV, 21 
noxa3aHa 30Ha AeňCTBHH no' yray a^ih xocHnyc- 



4>ar. XIV, 21. UnarpaMMa momchtob peae HanpaBaeHiia 
moiuhocth. 

Horo peae (P p —u p -i p - cos y p ) 4>a3bi'A, BXAfoneH- 
Horo no 30° cxeMe. Ocb MaxcHMaabHoro Bpainaio- 
in,ero MOMeHTa peae coBnaAaeT c HanpaBAeHHeM 
BexTOpa HanpaaceHHa Ha 3aacHMax peae, t. e. 
c HanpaBAeHHeM ^ = 0. Ocb H3MeHeHHa 3 Haxa 
Bpamaximero MOMeHTa nepneHAnxyAapHa x Ha- 
npaBAeHHK) BexTOpa HanpaaceHHa, Koi\ua yroA 
CABHra <J)a3 Ha 3aacnMax peae nepexoAHT 3a 90°, 
t.- e. Korua ^^±90®. Ha (})Hr. XIV,21 bhaho, 
hto BpauiaiouiHH MOMeHT Ha peae HBAaeTca no- 
AoacHTeabHbíM npn H3MeHeHHH y p b npeAe- 
aaxdh90°. 

B 9thx npeaeaax peae c HopMaabno pa30Mx- 

HyTblMH XOHTaXT3MH AOAaCHO 3aMbIKaTb CBOH 
KOHT3KTbI. ECAH npH CHHTHH BeXTOpHOH AHa- 
rpaMMbi noaoaceHne BexTOpa Toxa oxa3biBaeTca 
b npeaeaax pa^oaefl 30Hbi peae h peae Aeň- 
CTByeT Ha ' 3aMbixaHHe xoHTaxTOB, to cxeMa 
BxaioHeHHH peae npaBnabHa. npn kopotkom 3a- 
MHxaHHH b aHHHH &TO peae 6yAeT Taxace AeŘ- 
CTBOB3Tb Ha 3aMHKaHHe KOHTaKTOB, Tax xax Bex- 




Top TOKa KopoTKoro 3 aMUKaHHH* 6 y^eT jiejKaTb 
b npe^e^ax nepBoro KBaApaHTa (cm. i\h. I h lil). 

Ec/ih ace npn chhthh BeKTopHoň AnarpaMMbi 
no^oaceHHe BeKxopa TOKa OKa3biBaeTCH b 30 He 
OTpHitaTe^bHoro MOMeHTa pe^ie, to npn npaBH^b- 
Hoft cxeMe BK^to^eHHH pene aojihcho AeňcTBOBaTb 
Ha pa 3 MHK 3 HHe KOHT3KTOB. 

OaHaKO HCK^IJOHeHHH CJiyHaňHblX OUIHÓOK, 

KOTopbie MoryT noHBHTbca b npouecce npoBe^e- 
hhh HcnbiTaHHň, npoBepKy AeňCTBHH pe^ie Bcera,a 
peKOMeHAyeTca npoH3BOAHTb npn noABeAeHHH k 
ero 3a)KHMaM HanpfluceHHň noouepeAHO ot Bcex 
4>a3. H ec;iH pe^e, HanpHMep, $a3bi A, cooTBeT- 
CTBeHHO c/iynaio 4 >hi\ XIV, 21 npn noABeAeHHH 
k HeMy Hanpa>KeHHH uac AeňcTByeT Ha 3 aMbiKa- 
HHe KOHT3KTOB, a npH nOABeAĚHHH HanpHJKeHHň 
Uba h ucb AeňcTByeT Ha pa3Mbu<aHHe koht3ktob, 
to 3to MoaceT cíiy>KHTb noATBepiKAGHHeM npa- 

BHAbHOCTIl BKJIIOMeHHH pejie. 

Tai<HM o6pa30M c noMonibio BeKTopHoň Aiia- 
rpaMMbi TOKa h xapaKTepa asActbhh peAe Ha- 
npaBJíeHHH mouihocth mohcho ycTaHOBHTb npa* 
BHJIbHOCTb CXeMbl BKJHOHeHHH 3 aiUHTbI. 



4>nr. XIV, 22. CxeMa BK.'iioqeiiH 3 pejie HanpaB.ieiniH mouihocth 

HyaeBOM nocJieaoBaTejibHocTH b paĎoueM coctohhhh. 

Ana pe^ie, hmcioihhx Apyrne xapaKTepacTHKH, 
h ajih Apyrnx cxeiw BKJiK?HeHHH AeftcTBHe pe^e b 
A3HHHX yCHOBHHX MOHCeT 6bITb HHblM. B K3>KAOM 

OTAe^bHOM cjiynae HeoóxoAHMO 3HaTb xapaKTe- 
pHCTHKy u cxeMy BKJUoaeHHH pe^e aah nocTpoe- 
hhh oceň Bpauiaioiiiero MOMeHTa pejie, c noMombio 
KOTOpbix OKOHHaTejibHo ycTaHaBAHBaeTca npa- 
BHJIbHOCTn BKJIIOHeHHH CXeMbl 33mHTbI. 

yCTaHOBJíeHHe npaBH^ibHOCTH BKAioqeHHH op- 
raHa HanpaB^eHHH mohihocth BČTpeaaeT ocoóbie 
3aTpyAHeHHíi b yaiOBHax, KorAa b npoiiecce npo- 
BeACHHH npoBepKH HanpaBAeHHe peaKTHBHoft moiu,- 
HOCTH KOHefifleTCH, H3MeHflH CBOň 3HaK. nOAOÓHbie 
ycAOBHH BcrpevaiOTCH ocoóeHBO qacTo, KorAa 
npoBepKa 3aiiiHTbi npoH3B0AHTca na ahhhh, hb- 
AHiomeň cH m cctom TOKopa3Ae-fla. 


CTOAb ace TpyAHO óbiBaeT onpeAeAHTb npa- 
BHAbHOCTb BKAioqeHHH opraHa HanpaBJíeHHH, 
KorAa BeKTop TOKa, noABOAHMoro k 3axcHMaM 
pejie, pacnouoHceH 6jih3ko k jihhhh H3MeHeHHa 
3HaKa Bpamaiomero MOMeHTa pejie. 

B t3khx yc;iOBHHx npoH3BecTH npoBepKy 
npaBHAbHOCTH BKJiioHeHHH opraHa HanpaBjíeHHH 
MOUIHOCTH uaCTO He npeACTaBJIHeTCH B03MOX<HbIM. 

riosTOMy b noAOĎHbix cjiyuaax peKOMeHAyeTca c 
iioMorubio cooTBeTCTByíouiHX nepeK^KmeHHň b 
ceTH 3apaHee C03AaTb ycAOBHH, npn KOTopbix 
aKTHBHaa h peaKTHBHaa cocTaBAHiouiHe mohihocth 
HM eAH 6bi CTporo 4>BKCHpoBaHHoe HanpaBJíeHne. 


11. nPOBEPKA Í1PABH JlbHOCTH BKJIIOMEHH51 PEJIE 
HAflPABJlEHHJl MOUIHOCTH HyjlEBOH 
IlOCJIEAOBATEJIbHOCTH IIOA PABOHHM TOKOM 


B KanecTBe TpeTbero npHMepa Hcnojib33BaHas 
BeKTOpHbix AHarpaMM tokob « HanpajKeHHH npii- 
boahtch cnocoó npoBepKH npaBHJibHOCTH BKjiioqe- 
hhh pejie HanpaBJíeHHH mouihocth HyjieBOň nocjie- 
AOBarejibHocTH inoA paóoHHM tokom. 

HopMajibHaa cxeMa BKjnoqeHHa stoto pene a-ih 
paSoHHX ycAOBHH noKa3aHa Ha cpHr. XIV, 22. npH 
3a>MbI,KaHHH Ha 3eMJIK) B 
ccth (HanpHMep, «a <|>a- 
se A) ;B©KTopHaH AHarpaM- 
Ma TOKOB H HanpSIHíeHHH 
ga '3a)KHMax pejie rjih ce¬ 
TH, HyjieBaa TOHKa koto- 
poň 3a36MjieHa Hepe3 bm- 
COROOMHOe aKTHBHOe co- 
HpOTHBJíeHHe, HMeeT 'BHA, 
npeACTaBAeHHbiň aa (par. 

XIV, 23. 

Pejie mouihocth Hyjie- 
BOH n0CJI6A0,BaTejIbH0CTH 
npH 3TOM AO'T/K'HO AeHCT- 
BO'B3Tb Ha 3aMbl!K3HHe 'KO'l[- 
TaKTOB. JXná npoBepKH npa- 
BHAbHOCTH BK.TIOHeHHH pe- 
Jie B paĎOHHX yCJIOBHHX, 

T. e. npH OTCyTCTBHH 3a- 
MblKaHHH Ha 3€MJHO B Ce- 
TH, HCKyCCTBeiIHblM HVTeM 
MOJKHO 1 C03A3Tb yCJlOBHH, 

ÓJIH3KHe K yCJIOBHHM 3a- 
MbIK3HHH Ha 3eMJHO B Ce- 
th. CooTB6TCTByioiliaH cxe- flwarpaMMa TOKa h Hanps- 

_ J , Ha 3ax<HMax pe.ie 

vnr I I° Ka3aHa Ha $ Hr - Ý«r. XIV,22 npn o«ho- 
XIV, 24. <}>a3HOM 3aMWKaHHH na 

TpaHc^opMaropbi ’ TO‘Ka 3eMJiio b ccth (Jjaaw A. 
$a3 B h C saKopOHeHbí 

H OTCOeAHHeHbí OT 3a>KHMa TOKOBOH OĎMOTKH 
pejie. K 3a>K'HMaM o6motkh HanpH^eHHH pejie noA- 
boahtch HaiTpHHíeHHe (})a3 B w C. iBeKTopKaa 
AHarpama To-xa h 'HatnpHHceHHH na 3a>KHMax pejie 
b 3THX yCJIOBHHX noKa3aHa Ha cJ)Hr. XIV, 25. Kax 

4*5 



4>nr. XIV, 23. BeKiopna^ 






BHjíHO H3 3T0ň AHarpaMMM, yCJIOB-HH iaeftCTBUH 
peae b HCKyccTBeHHO co3^aHHOŘ cxeMe 6 jih3Kh k 
ycjioBHHM 3a'MbiKaiíHH na 3eMjuo ib cexu ®ia 4>a- 
3e A. Pa3JiHHHbiM no cymecTBy OKasbrBaerc h Tojrb- 
ko yro.íi CABHra 4> a3 MeiKAy tokom h iHanpaxeHti- 
*6M Ma 3aKHMax pejie. 

Chhb h nocTpowB BeKTopHyio AHarpaMMy TOKa 
4)a3bJ A, 3Haa xapaiKTepHCTHKy pejie a yqHTbroaH 
»ce cKa3aHHoe b npeAMAymeM naparpa^e o no- 
crpoeHHH AHarpaMMbi momchtob p€jie, mojkho on- 
peAOJiHTb tnpaB habh o ct b cxeMH BKjnoneHHH pejie. 

H3 cxeM, npeAcraBjíeHHbix Ha (Jmr. XIV, 22 h 
XIV, 24 , bhaho, hto ecjiH ycjioBHH npoBepKH pejie 
ynreHbí upit iMOHra>Ke 3aimm>i, to npouecc npo- 
BepKH npaBHJIbHOCTH BKJIIOHeHHH pejie cboahtch k 
aecbwa TrpoctbiM onepnmmM. ílepeKinoTenne u,e- 



^nr. XIV, 24 . CxeMa BOKweHHfl peae HanpaBJíeHHH moiu- 
aocTH nyjieBOíi nocjienoBaTejibHOCTH np« HcnuTanHH no a 
paÓOHHM TOKOM.' 

2i«H Toxa h HainpHmeHHH «a 3a>K»Max pejie npo- 
H 3 boahtch nyreM nepecTanaBKH coorBercTByiomHx 
nepeMbineK Ha kjicmmhoS c6opKe. Ecjih KJieMMbi 
3apaHee aipoBepeHbí h cHadaceiHbí cooTBercTByio- 
meS MapKHpoBKoň, to bosmojkhoctb oiuhďkh 
nepcoHajia b inponecce npoBea,eHHH onepannn CTa- 
HOBHTCH ’Majiosep ohthoh h jipoBepsca cxcmh bkjiio- 
Me«HH pejie nojiynaerca AOCTyinHoíi a mpocTofl. 

HeOĎXOAHMO TOJIbKO OTMCTHTb, HTO npH ripOBe/te- 
HHH npOBepKH ffl p a BHJIbH OCTU BKJHOqeHHH IpCJie 
nanpaBJíeHHH moiuhocth atyjieBOH nocjieA&Barejib- 

HOCTH IIO A paĎOHHM TOKOM OTCHb HaCTO HMeiOT .M€- 
cto ycjioBHH, <np« KOTOpbix HanpaBJíeHHe BeKTOpa 
TOKa, trt oiaboahm o ro k 3 a>KHM3M pejie, coBna^aeT 
c Jimmeíi T3MeiieHHH anana Bpamaromero MOMeHTa 
pejie. £5 3 thx ycjioBHHx, Kas y>ae yKa3bieajiocb 
Bbíme, onpe/iejiHTb npaBHJibHocTb BKJUoneHHH pejie 

secbMa 3aTpyAHHTejibH0. ílo3TOMy pe k o m e h Ayeic ,h 
B oerAa «npn npoBeAeHHsa sípoBepKH inpaBHJibHOCTH 
BKjironeHHH paccMarpHBaeMwx pejie aHanoranHo 
oKaaaHHOMy ® '§ 10 ncnojrb3o©aTb ne TOJibKo tok 
OAHOH (|)a3bl {cKajKeM, A), «o h tok ApyTHX <J)ai3. 
Torna, 3Haíi M3 npeAsapHTejibHoro a«ajiH3a npeA- 
AoaaraeMoe noBeAOHH-e pejie, npaBHAbHocTb bkjho- 
a&hhh ero Jierno 6yAer ycTaHOBMTb. 

4’6 


12. nPOBEPKA M HACTPOOKA PEJIE HA 3AAAHHUE 
XAPAKTEPHCTHKH 

MeTOAbi ®anbrra«Hň loTAeJibHMx jpeaie, mpoBO- 
AHMblX B SKCIUIOaTaUHOHHMX yCJIOBHHX, IipHHUH- 
nnajibHo He orjiHHaiOTCH oř coorBercTByiomHx hc- 
nbrraHíHH, npoBOAHMbix b ycjioBHHx jia^opaTopHH. 



4>«r. XIV,25. BeKTopHaii anarpaMMa tok a h Hanpa- 
aceHHa Ha 3 a>iai.Max peae $Hr. XIV, 24. 

Pa 3 HHU,a 3 aKJHoqaeTCH TOJibKO ® tom, hto BCíibira- 
HHH, ÍIpOBOlAHMbie B 3 KCIUIOaTaHHOHHbIX yCJIOBHHX, 
He npecjieAyiOT uejiH THnoBbix, AeTajibHbix HcnbiTa- 
HHĎ pejie, ®HHBJIHK)U],HX MX OCHOBHblO CBOHCTBa, 
napaMeTpH 'a txapaiKTepHCTHKH, a oboahtch k npo- 
sepKe H-cnpaBHocTH pejie n cootbotctbhh xapaK- 
TepHcnjK pejie 3 aAaHHHM pacneTHbíM xapaKTepH- 
craKaM. P>ejie mojk«t 6 biTb ®KjnoqeHO !b cxeMy 
3 am,HTbi inpH ycJioBiBH nojiHofl ero HcnpaBHocrH 
KaK c MexaniwecKOH, tak a c ^JiearpanecKOň tohkh 
3 peHHH. MexaHHqecKan nonpaBHocTb pejie npo- 
BepaercH c noMombio rmaTejibHoro ocMorpa iBcex 
A€Tajieň pejie h nyreM npoĎHoň pačo™ ero. Opu 
3 tom ooo 6 oe BHHMaHHe yAejiaercH coctohhhio 
noABHJKHbtx AeTajieft a aeTajieň, noA®epaceHHbix 
TpeHHIO, « 3 H 0 Cy, 3 arpH 3 HeHHK), OKHCJieHHJO H T. n. 
K T 3 KWM AeTa.lIHM OTHOCJrrCH: AHCK, HiKOpb, KOHUbl 
och, noanHTHHKH, AeMincJíepw, npy>KHHbi, qacoBbie 
MeX 3 HH 3 MbI, KOHTaKTbl M T. o. KpoMe MexaHHHě- 
CKOfi HCnpaBHOCTH peAe AOJIXHO 6 bITb T 3 K>Ke 
3 JieKTpHaecKH acnpaBHbtM, hto ycTaHa 3 jihb aercii 
nyT©M inpoBepKH coctohhhh h 30 jihhhh, aaiMepa cd- 
npOTHBJíeHHÍI 0ÓM0T0K Jí npoBepKH tajieKTpHMeCKHX 
xapaKTepacTHK pare. CxeMbi BKJiioqeHHH npafíopjB 
Aah npoBepKH 3 JieKTpH*íecKHX xapaKTepHCTHK pe/ie 
BecbMa pa' 3 AHTHbi h BaBacHT oř Tana pejie, ero 
KoacTpyiKinHH a raná upoBepaeMOH xapajerepH- 

CTHKH. l 

ÍIpOBepHIOTCH BeJIHTHHbl TporaHHH H B03®para 
pe;ie, BpeMs ashctbhh b 3hbhchmocth ot wammi 







T0K3, HanpHJKSHJIH, MOIUBOCTH, UMlieASHCa, pea- 
sciaHca h t. n. (aah pejie c BafiHCHMbíMH xapaKxe- 
pHCTHK3MH) npOBepjHOTCH XapaKTepMCTHKH HyB- 
CTBHrejibHOCTH p-ejie, noTpeQjiaeMaH MomHocTb, 
oTcyTCTBHe caMoxoaa, njiOTHocTb 3HMHKaHHa h 
OTC yTCTBHe BHĎpaUHH K0HT3KT0B M T. n. OCH0BH3H 
OTJiOTHTejibHaa ocoĎeHHOcTb HcnbixaHHH peAe ® 
3‘Kcnjioarau.HOHHbix ycAOBnax 3aKjnoqaeTca b tom, 
qTO HcnbiTaHHa 3 th b ĎojibiuHHCTBe cAyqaeB npo- 
boahtch He Ha JiaĎoparopiio.M cxeH»e, a ifenoepeA- 
CTBeHHo Ha naHejia pejieŮHoro imrra. HonbrraHHa 
apOH3BO^HTCa C nOMOmblO IiepBHMHblX H BTOpHHHblX 
tokob. npeABapHTejibHbie HcnbiTaHHa h HacTpo&Ka 
BTOpHHHbix p-ejie, 'KaiK npaBHjio, 'npoH3BoaaTca e 
HOMOlHblO BTOpHMHblX TOKOB. K 33XHMWM pCJte 
JIOABOAHTCH TOK H HanpHXÝeHHe OT fflOCTOpOHHera 
HCToqHHKa. 'BejiHaBHa iHanpaxKeHHH peryjiHpyeTca c 
noMombio H3MeneiiHH Harpy3oqiibix conpoTHBjíeiiHM 
hjih Harpy30HHbix TpaHc4>opMaTopoB. HasecTHo, hto 
xapaKTepncTHiKH pejie HHAyKHHOHHoro Tuna 33 bk- 
CflT OT (jpopMbl KpHBOH TOKa. C UejIbK) HCKJIIOqeHHH 
acKa*eHH« xapaKTepncTKK 3a cneT bjihhhhh 
B bicuíHx rapMOHHK npoBepKy xapa kt ep hcthk hh- 
AyKU»HOHHHX pejie peKOMCH^yeTCa npOH3BOAHTb He 
c noeioiHbto t p a i ic cj) op \i a t o p ob , a c noíMombio Ha- 
rpy3oniibix conpoTHBjíeHHH, TaK KaK KpiiBaa TOKa 
ot Harpysonnoro Tpaac^opMaTopa, KaK npaBHJio, 
COaep>KHT BblCLLHie rapMOHHKH, OĎyCAOBAeHHbie Ha* 
cbmieHfieM cTajiH TpaHctjiopMaTopa. 

•Bce HcnbiTaTejibHbie conpoTHBjíeHHH na hoa- 
craHUHHX oĎbiaHO noAKJHOHaiOTca k oeBenrrejibHoH 
cera, KOTopaa mHTaeTca ot TpaHcijjopMaTopa 
COňCTBeHHblX Hy*A c BbTBeAeHHOH HyjieBOH Ton- 
Koíi BTopnaHoň oSmotkh. Heab3a 3a6biBaTb, hto 
AJÍH ITpOBepKH 3am'HTbl 'HeoĎXOAHMO nOJIb30BaTbCH 
jiHHeHHbi.M, a He c{)a 311 mm HanpH>KeHHeM ocBeTH- 
TejibHoň cera. Tax Ka« KpHBaa <J)a3Horo HanpajKe- 
hhh TpaHCiJjopMaTopa coaepacHT BbiouiHe rapMOHH- 
i kh, KOTOpbie MoryT BHecTH 3Ha"iHTe.nbHbie oiiiwďikh 
b pe3yjibTaTbi npoBepKH xapaKTepHCTHK, ocoĎeHHo 
jXJia HHAyKUHOHHbix pejie. 

iÍJia ĎblCTpOTbl npOB.eAeHHH npoBepKH OneHb 
yA oďho mieTb 3apaHee noATOTOBJíeHHue 'neps- 
HOCHbie THnOBbie KOMnJieKTbl H3MepHTejIbHbIX íipH- 
CopoB, Harpy30THbix m peryjiHpoBoqHbix conpora- 
BJieHHň, COeAHHHTejlbHbIX yCTpOHCTB H t. ‘n. řípa 
hsahahm TaKHX KOMnjieKTHbix HaSopoB HcnbrraTejib- 
hoh h peryjiupoBOHHoň annapaTypH npHMeHHrejibHo 
k Ka«AOMy THny 3amHTbi npoBeAeiitte npoBepKH 
3aui,HTbi 3 h anHTe AbH o oQjiemaeTCH « TpefíyeT 
MeHbiuero '^peMem. npoeepKa xapaKTepHCTHK pe- 
jie nepaHíHUM tokom, KaK npaBHjio, npHMeHHeTca 
TOJibKO a Ji 55 nepB®rabix pejie. IlpoBepKa mojk 2 t 
6biTb BbinojiHeHa hjih> c noMombio noA^eMa 
HCKyCCTBeHKOTO KOpOTKOTO BaMMKaHHH C HyjlH B 
nepBHqHO.fi uenH _ hjih c JioMombio Harpy 3 oqH 0 .ro 
rpaHC^opMaTOfja.‘TeM hjth hhhm nyreM b nepBnq- 

HOH uenH C03AaeTCH TOK IieOÓXOAHMOfl BeAHHHHbl 

a oTMeqaeTca^páSoTa .pejie. 

27 PejieEnaa ; 


13. HPOBEPKA CXEMbl 3AIU,HTbI B U.EJ10M 
C AEHCTBHEM HA 0TKJ1I04EHHE BblKJHOHATEJlEfl 

nocAe npoBeAeHHH npoBepKH OTAejibHo Ka*- 
AÓro SAeMeura, tBxoAHmero b cxeMy samHTU, npo- 
boahtch npoBepKa Bcero KOMnAeKTa 3amHTbi b ue- 
aom c ASHCTBHeM Ha OTKAioqeHHe BbiKAioqaTeAeň. 
TaKan npoBepKa mohíct 6biTb BbinoAHeHa: 



•řHr. XIV, 26. IlpoBepKa HeiicTBiifi 3auiHTu c noMOiubto 
Harpy30HHoro TpaHaJiop.MaTopa. 

1) C nOMOIUbK) COOAaHKH HCKyCCTBeHHbTM 'iiy- 
T6M b nepBHqabix nenax ycAOBHň, HeoQxoAHUbix 

AAH AeifCTBHH 3aiU,HTbl; 

2) c noMombio 3aMbrK»HHH KOHT3KTO.B pejie OT 
pyKH. 

HeoĎxoAHMbie aah AeňcTBHH samHTbi ycjioBHH 

MoryT 6bitb co3Aa«bi b nepBHqHbrx uenax: 

а) c noMombio cneuwaAbHbix Harpy3oqHbix 
TpaHc4>OpMaTOpOB HAH OÓbiqiIblX TpaHClJlOpMaTOpOB 
TOKa; 

б) c noMombio noAT>©Ma c Hyna HCKyccTBeHHo- 

ro Ko-poTKoro 3a'MbrKaHHH; 

B) C ■nOMOIH.blO KOpOTKOTO 33M brK3HHH TI O A pa~ 

čohwm HanpHHíeHHeM. 

IlpHMeHeHHe Harpy30 i iHoro TpaHciJiopMaTopa hah 
T paHCiJjopMaTopa TOKa. >0 .ah npocTbix MaKCHMaAb- 
HblX TOKOBblX 3amHT, yCTAHOBAeHHblX Ha AHHHSX, 
SAeKTpoABHrareAax, Tp a hciJ) opM aTop ax waAoá 
MOUJ.HOCTH h t. n., ycAOBHa aah npoBepKH 3amHTH 
c AfificTBHeM Ha BbiKAioqaTeAb MoryT 6brn> C 03 - 
AaHbt nxpH 1 inoMomH cneuHaAbHUX Harpy3oaHbix 
t p a hc<J) opM aTop 0.B. OSbeKT OTKjnoqaeica pa3T»eAa- 
HHTCAHMH OT C€TH ((JlHT. XIV, 26). 

4epe3 nepBirqHyio uenb TpaHc^opMaropa TOKa, 
Ha KOTopoM ycTaHOBAeHa 3auíHTa, nponycKaerca 
tok, BejiHqHHa Koroporo peryAHpyerca bo BTOpHa- 
hoř uenn Harpy3oqHoro Tp aacijio pM aTop a. Tok 
noBbiuiaeTca ao Tex nop, noxa 3amHTa He cpa6o- 
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Taer a ae otkakihht BbnwEio^aTejib. Opu stom 3 a- 
a«P»K>TCH TDK If BpeMH AeňCTBHH 3aiUHTbI. 

IlpHMeHeHHe noAteMa c Hyjin acKyccTBeHHoro 
KopoTKoro saMUKaHHn. Ajih fiojiee caokhhx 3am«T, 
>"CTaHOBJieKHwx na oSteKTax 6ojibiuoň moihhocth, 
npiiMOHseTČH MeroA noAT>OMa c Hyjia eokj"cctb6h- 
iroro KopoTKDro aaMbrsíaHHH. iZLih stoh iicah bh- 
AejiHercfl •oTAejibHbiň reHeparop. 



X1V.27. llpoBepKa aeMCTBua 3.1 mu tm c noMouiMo 
noateMa c ny.ia nci<yccTBeHHoro KopoTKoro 3aMbiKaHHH. 

Ha <j>nr. XIV, 27 noKa3ana ynpomeunaH cxeMa 
aoA'beMa c ayjia HCKycciBeHHoro KopoTKoro 33 - 
MbiKaHKH ajih npoBepKH npoAOAbHoa AH(})epeH- 
UHa.jibKOíí tokoboíí 3amHTbi reneparopa. C coďaio- 
AeaaeM Bcex Mep npeAOCTopoxíHocTH no TexHHKe 
6e3onacHocTH na onunoHenHOM odopyAOBanHB b 

cooTBeTCTByiomeM MecTe ycTanaBAHBaeTCH 3aK> 
poTKa AOCTaTOraoro ceneHHH. HocAe aroro bkjuo- 
qaercH BMKAioaaTeAb a njiaBHo noAiiaMaeTCH bo 3- 
óyjKASHHe reHepaTopa. IIpH noAT^eMe ma b nep- 
©HAHoň uenu 3aMepHK>TCH tobh bo bccx btopothmx 
uenax AaHHoa cxeMbi 3amHTbi. Tok b nepBHHHoa 
pěna noAHHMaeiCH ao Tex nop, noxa 3amaTa ne 
inpHAeT b AeĚCTBHe a He otkakjhht BbDKjaoaaTejib. 
Ecah npa onbire 3auiHTa He AOAJKHa AeacTBOBaTb 
aa OTKjnoaenae, to nocjie 3aMepoB tokob bo bto- 
paaHbix^nenax a npoBepxa AeacTBaa eooTBeTCTByio- 
max peAe tok b nepBHHHoa uena CHKMaeTCH ny- 
t&m bíjboa^ B036y*iAeHaa reHeparopa. TaKae 
ycjiOBaa aoajrhh coójHOAaTbca, HanpaMep, npa 
nposepse ceAeKTBBHOCTa AmjjepeHitaaAbHotá 3a- 
iahtm a 3amaTbi ot 3aMbiKaHaa Ha 3 eMAK> reHepa- 
TOpOB H TpaHC(j)OpMaTOpOB, KOTA3 3aKOpOTK3 yCT3- 
HaiBJíHBaeTca BHe 3 ohh samara. 

HeoSxOAHMO OTMeTBTb, HTO WOAteM iHOKyCCT- 
BeHHOTO KopoTKoro 33MbIKaHHa AJIH njiaHOBHX 
aiposepoK BaiuBT npaKTanecKa BoaMoateH toamío 
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ua craiiuaax npa uposepKe 3auíHT na reuepaTopax 
<a TpaHC<j)opMaTopax. Ajih stoto TpeSyeTca bhas- 
AeHae TOAbKo OAHoro reHeparopa hah reHepaTopa 
a TpaHC(})opMaTopa. Upa corjiacoBaHHa apoeeAe- 
hhh njiaHOBbix npoBepoK 3amaT c nAaHOBbPMR 
peMOHTaMH B peBH3H»MH OCHOBHOTO oSopyAOBS- 
hhh npoBeAeHae npoBepKH 3amaTbi c noMombio 
noAteMa c HyjiH HCKyccTBeHHoro KopoTKoro 3aMbi- 
KaHH» Ha BHAejieHHOM oóopyAOBaHHH He npeAcra- 
BJiaer HHKaKax 3aTpyAHeHaa a jih chctomh. Ecjih 
3Ke aamara TpaHC(f)opM aTop a «jtb jihhhh npoBepHer- 
ca Ha noACTaHUHH, tao reHeparopbi oTcyTCTByioT, 
to aah inpoBeACHHH onbrra Koporeoro 3aMbiKaHH» 
tiomumo BbiAejieHHH OTAejibHoro reHeparopa Tpe- 
óyercH co3Aaiiae HCKyccTBe-HHoS cxeMbi b cacre- 
MC. AJIH 3TOTO IieOĎXOAHMO BbPAeAHTb KaK MHHK- 
MyM renepaTop, noBbruiaiomHň TpaaccpopMaTop b 
C eKU.HK> IIlíIH Ha CTaHUHH, AHHHK), TpaaC(J)0'pMaTOp 
u TaiQKe ceKuaio ihhh Ha noACTaHmaa. IlocjieAHee 
aacTo CAejiarb He npeacTaBAHercH B03MO>KHbiM no 

ycAO-BHHM peaíHMa GHCTeMbi. B TaKHX cAyaaax 

njiaHOBaa apoBepKa 3amaTbi b ueAOM npoH3BOAKT- 
CH TOJIbKO C HOMOOHblO paÓOHHX TOKOB, a A60 CTBíB€ 
3amHTbi Ha oTKJHoaeHHe BbiKÁiOHaTejieň npoBepaeT- 
CH C nOMOIUbfO 3aMbIK8HHH KOHTaKTOB pCAe OT 
•pyKH. 

HeoóxoAHMO orMeTHfb, hto b KanecTBe reHépa- 
pyjomero acroHHHKa B3aMeH reHepaTopa Moacer 
šbiTb 'Hcnojib30BaH TaiQKe cBHxpoHHbiň KosfneHca- 
rop, ecAH OH nyoKaeTCH b paSo-iy pa3roHKH;V< 
ABHraTeaeM. 

SaMbiKaHHe koht3ktob pejie ot pyxa. B 3 aBirca- 
mocth ot mna sama™ cosahiotch ycAOBHH, mpp. 
Koropbix yAaeTCH npoBepHTb B3aHMOAeacTBae no 
B03M0JKH0CTH BC6X 3A©MeHTOB CXCMbl. FIoCAe 3T3- 
ro 3aMbiKaHHeM ot pyKH, HanpaMep, koht3ktob ny- 
ckobwx opranoB aipOBepaerca AefiCTBae Bceá 
cxcmw 3amnTbi Ha OTKjnoaeHHe BbiKnfOHaTejieň. 

ripartietieHHe KopoTKoro saMUKaHaa hoa pa6o- 
hhm HanpflacetiHeM. ripeaíAe hcm BKAionaTb 3amary 

B HOpMaAbHyíO 3'KOIIAOaTaU.HK), SblBaeT HeoSxOAU- 
MO npOH3BeCTH npOBepKy npaBHJIbHOCTH AOHCTBriE 

ee b peaAbHbix ycjiDBHax noBpejKAOHHii b cera. 
IlpoBepKa 3 amHTbi MoxeT 6bin> BbinoAHeHa nyrew 
AeflcTBHH ee hah na carnaji hah Ha oTKAioieKtic 
BbiKAiOHaTeAeH. TaKoro bhab npoBepKH TpeóyiOTCE 
oSbMHO LAAH HOBHX THIHOB CAOJKHbIX 3aiHHT. npeA” 
B3pHTeAbHbtMH KCnbITaHHHMH B AaSopaTOpHH riř 
BcerAa bo3mojkho tohho ycraHOBHTb Ece (JjaKTopa, 
Koropbie MOiyr HMerb MecTO b peaAbHbix ycAOBHHX 
©pa noBpeacAeHHHx b cera. BKAKweHae 3amaTH e 
HopMaAbHyio 3KcnAoaTan<aio ao BbíHCHOHHH ee no- 
seAeHHH npa Bcex ochobhhx bhasx noBpewAeHH® 
b cera h« AonyxKaerca. ÍIosTOMy Tř.Kyio 3amary 
Ha HeKoropHH nepaoA BKAKvaaioT c AeňcTBHeM Ha 
cBruaA, ao rex nop noxa b cera He 6yAyr HMerb 
MecTO HeoGxoAHMue ajih mpoBepna 3amaTH no- 
apejKAOHHH coorBercTByioiuero B^iaa a b coot- 
BercTByióiucM Aiecre. nepaoA oacaAaHHH sthx 




no»pe>KAeirHH im o*eT i 6bm> sec bit a AAHTOAbHbíM, 
a cocTOHHHe lAeficTByiomeň © chctcm© 3amHTbi «e 
Ecenna nosBOjineT aoato oacmaTB TiposepKH ho- 
bmx, íkwiee coBepirreHHbix 3aiu,HT. B TaKHx cjiyqa- 
hx npHMeHaeTcsi onbtT co3A8Hhh HCKyccTBeHHoro 
Kopoiacoro saMbiKaiiHH b CHcreMe boa HopMajib- 
HbiM paSoAHM HanpaiKeHHeM. Rnn 3toto co3AaeT- 
ca cneuHajibHaa cxeiwa KOMMyTauHH CBcreMbi c 
BbweAeHHeM yaacTKa, na KOTOpoM (SyAyr npoB> 

AHTbCH BCBUTaHHH. 

Ha tjmr; XIV, 28 noKa3aHa ynpomeHHaa cxe- 
Ma ceTO c BbiAeJieHHeM ahbhh /, Ha KOTopoň npeA- 
noAaraeTCH npoBeA&HHe HcnbrraHaa TtpH KoporKHX 
3a'MbiKaHHax b 3one h ©He 30 hh acííctbhh 3.1- 

íjutrbh . 



HoMepaMH 1 VI 2 yCAOBHO o603HaBeHM KOM- 
itneKTbi HoibrryeMOH 3amHTbr, HOMepoM 3 — kom- 
nA€KT sauviTbi, ineŘcTBytomeň Ha oncjiKweMHe 
BbfKAioaaTeAH HOKyccTBeHHo co3AaHHoro KoporKoro 
33'MbIKaHHH BH6 30HH A&HCTBHH 3aiUHTbi; MeCTO 

3 T»ro Koponcoro i 3 aMbncaHHH o 6 o 3 HaaeHO cTpejt- 
Koit ffloft iHOMepaMH 4 ví 5 ycAOBHo íioKaaaHbt 
KOMiuieiem pe3ep©Hbrx 3aumr, xoropuie aoahchh 
OTKJ lIOHHTb COOTBeTCXByKHUHe BbTKJIKWaTejIH BpH 
OTKa3e B ACHCTBHH iIIO K3KIHM-AHĎO npiWHHaM BU- 

KJimaTejia hah 3aiu,HTbi 3. Ha cxomm bhaho, hto 
yaacTOK, ua «oTopoM óyAyr npoH3B02um»CH^ hc- 
nbrraHHH, c KaacAoS cropoHbí, npHMbiKaiomeŘ ko 
bc€ž ocTaJibHoíi aacTH ach cTByTomea ciíCTeMbi, 
BHAejiaeTca aepe3 A^a nocjieAOBarejibHo bkaio* 
qeHHbix BbtKAioaaTeAH. Oahh «3 BUKJiioaaTeJiefl 
npeAna3HaaaeTCH aah yaacTOa © cxeMe npo©onn- 
Moro McnwTaHHH, ©TOpoň —aa» ip©3ep©Bpo©aHHa 
oTKAioaeHHa Koporkoro 3aMW«aHHa ot chct©mu b 
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cjiyaae 0TKa3a © ashctbhb nepsoro. 3amHTbr Ha 
BbrKAioaaTejiax 4 h 5 HacTpaHBaiOTCH óoaee 
qyBCTBBTejIbHO H C MeHblUMMH BMAepHCKaMH 
©peMenH, tom 3amHTbi Ha Bcex npHAeraiomHX 
ytacTKax A©ScTByiouieň cHcreMbi., 

CxeMa cHCTeMbi AOAJKHa 6bm> 'noAroroBACHa 
TaKHM oópaaoM, HToébi oTKAK)H€HHe yaaCTKa, BM- 
AejieHHoro aah npo©eAeHHH anbiTa, «e oTpasHAOcb 
Ha HO'PMaJlbHOH paĎOTe CHCTeMbi. Ha OTKAKTCeHH »m 
(pHAepe HAH JIHHHH yCTaHaBAHBaeTCH 3aKOpOTK3. 



4>nr. XIV, 29. CxeMa KOMMyTautnt noacTaiímm 
c 3anetaeHHeM oaHoro H3 BbiK.noq.ueaeií. 


B ueriHX MpoBepaeMoft '3amHTbi BKAioqaiOTCH 
uiAeňtjjbi ocuHAAorpatpOB, Bce 3amnTbi, yqacTByw)- 
iUHe b npoBeAeHHH onMTa, npeABapHTeAbHO npo- 
BepaioTCH ©a orKJHoaeHH© cbohx BbiKjnoaaTeAefi tt 
cxeMa CHCTeMbi noAroTaBAHBaeica aab 'npoBeAe- 
HHa onbrra. KoponKoe 3aMbiKaHHe ocymecTBJíaer- 
ca nyreM BKjnoaeHHa ©bTKjuoqaTejia toíí ahhhh hah 
tpHAepa, Ha KoropoM ycTa hobach a 3a'Kopcmca. 

14. 3AUIHTA HA UIHHOCOEAHHHTEJlbHOM 
BblKJHOHATEAE 

Ha ©cex ct 3 hu,hhx h noacraHUHax c abohh >ií 

CHCTeMOfl IQIHH, CKOMMyTHpOB3HHbIX no eBpOHeŮ- 
cKOMy npHHUHmy, otaic npaBHAO, HMeerca iuhho- 
COeAHHHTeAbHblH BbHWHOHaTeAb, Ha3HaaCHH€l KOT> 
poro, KaK <B3BecTHo, coctoht: 

1) b nepeBOAe ahhhh, reHepaTopoB hah TpaHc- 

4>opMaTopoB c OAHoň CHCTeMbi uthh Ha Apyryio 
no® HarpyiaKOfi; ) 

2) bo BpeMeHHoň 3aMeHe ochobhoto BUKAioaa- 
. TeAfl K>6opyAOBaHHH, HOAKAIOHeHHOrO K 'IHHIiaM 

AaHHOH CTaHHHiH HAH HOACTaHIIHH. 

OSopyAOBaHHe, t. e. TpaHc^opMaTop hah ah- 

HHH, : BKAIOHaeTCH Hep63 UIHHOCOeAHHHTeAbHHH Bbl- 
KAioqaTeAh rAaBHWM 1 očpasoM © CAeAyiomax 
CAyaaax: 

а) ©pa aaneTAeHHH aah pe&H3Hn hah peMOHra 

ochobhoto 'BbncAHmTeAa: 

б) npH bmboac 3amiHTbi ochobhoto BbtKAioqa- 
TeAa © npoBep«y. 

3aineTAeHHe hphxoahtch ocymecTBAarh © Tex 
CAyaaax, ecAH no ycAOBHHM pe>KHMa cncreMu h 
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TiHTaHHa noTpeÓHTejieH oĎopyAOBaHHe «a BpeMH 
P&BR 3 HH BbrKJIIOaaTejIfl HJIH mpOBepKH 3amHTbI Sbl- 
KjiroaeHO SbiTb »e MOJKeT. 3a<mHTa AaHHoro ofíopy- 

AOBaHHH Ha 3TO BpeMH nepeBOAHTCH C OCHOBHOrO 
B&iKjiKwaTejin Ha TpaHccpopMaropbi TOKa h ot- 
KJnoiaKMuyio KaTyuiKy ihhhoc oeAHHHTejibHoro Bbi- 
KJiiOHaTejiH 3aMeHaeTca ciieuHanbHO ycra- 
HOBjíeHHoň Ha nocneAHeM 3amHT0ií. Ha 
4mr. XIV, 29 noKa3aHa ynpomeHHaa cxeMa KOMMy- 
TauHH noACTaHHHH c 3 aneTji-eiHHbi m BbiKJHoaaTe- 
jicm 1 h BBeAeHHbíM b pafíoxy 3aMeHHK>mHM ero 
BbiKJiioaaTejieM 2 . 

Kpcwvte Toro, Ka« ywe roBopHflocb Bbruie, caMa 
3amHra, ycraHOBjíeHHaa na ochobhom BHKjiioaaTe- 
jie, TaiOKe TpeĎyeT nepHOAiniecKoro OTKJnoHeHna 
AJih npoBepKH. Jiná sthx uejiefl xaKJKe Hcnojib3yeT- 
ca 3amara «a uiHHOcoeAHHHTejibHOM BbiKnioqa- 
Tejie, Koropaa 3akeHaeT 3aiuHiy, BbřBeAeHHyio b 
npoBepKy. K 3auj,HTe, y ct anoe jichh om Ha ihhho- 
COeAHBHTeJIbHOM BblKJHOHaTejie, 9ipeAT>»BJiaK)TCH 
cjie^yiouííHe ocHOBHbie TpeáoBaHHH: 

1) ona AOJxaíHa HawSojiee hojiho 3aMeHHTb jiki- 
6yio W3 samHT, ycTaHOBjíeHHbix Ha ociHOBHbix 
BWKAiOHarejiax; 

2) OHa AOJIJKHa '6bITb 'MaWCHMajlbHO ÍIpOCTOH, 
MTOĎbl OCecneHHTb R 03 M 0 JKH 0 CTb ÓbICTpOH Ha- 
crpoííKH na 3aA3HHyio xapaKrepucTHKy h BKniOHe- 
hhh b pafíory AewypHbíM nepcoHanoM, He hmcio- 
m,HM cneuHajibHoň hoatotobkh b očnacTH peaeň- 

HOft 3aiL[HTbI. 

3aniHTa Ha paBHbix oidbeKTax ochobhoto 060 - 
pyAOBaHHa MOJKeT 6 birb coBepuieHHO pa3jmraHoii 
He TOflbKO C TOHKH '3peHHH napaMeTpOB paÓOHHX 
XapaKTepHCTHK, HO H C TOHKH 3pCH«H HpHHUHHOB 
AeHCTBHH H TMnOB 3aiHHT. 

iBbmojiHHTb Tpe6oBaHHH nojiHOH 3aMenae- 
M'OCTH Bcex BHA.OB 3aiIiHT OCHOBíHOTO 1 OÍÍOpyAOBaHHH 
OAHHM KOMHJieKTOM 3aiH,HTbI lUIHHOCOeAHHHTeJIbHOrO 
BbiKJHoaaTejia He npeAcraBJíaeTca BO'3MOJKHbiM. 
nosTOMiy Ha 'KascftOiM ajieMeHxe OTBeTCTBeHHoro 
OCH-OBHOrO 'OfiopyAOBaHHH, KOTOpblH He MOJKeT 
BblBOAHTbCa H3 pa^OTbl A JIH ínpOBBACHHH HpOBepKH 
3aunHTbi w 3amHTa KOTOporo ne mojkct 6hnb 3 a- 
MeHeHa 3amiHTO.fl Ha ilHHHOCOCAHHHTejIbHOM BblKJHO- 

HaTejie, aoajkhh <6brrb. npeAyoMOTpeHbí cboh 3a- 
iHHTbi, im ajccHMajibHo 3aMeHHiomHe Apyr mpyra 
hjih Morymne 6bHb mepecoeAHHeHHbíMH Ha hkhho- 
COe aHHHT eJIbHblit BblKJIIOHaTeJIb. 3aiHHTa Ha HIHHO- 
coeAHHHTeAbHOM BbrKjiKiHaTejie HrpaeT b stom 
cjiynae AomoAHHTeAbHyio « bchom orarejrbHyio pojib. 
OAH3KO XapaKTepHCTHKH 3 TOH 3aiH,HTbI Bce >Ke 
AOJDKHbl iMaKCHMaABHO npHÓJIHJK3TbCH K XapaKTt'- 
pncraxaM 3a’MeHaeMbix 3amHT. 

yHHTWBaa Bce BbraiecKaBaHHoe, na uiHHOcoeAH- 
HBTejibHbix BbiKjnoHaTejiax b i6oAbauHHCTBe íCJiynaeB 
ycTaHaBAHBaiOTCH cpaBHHTeJibHO' npocTbre ranbi 

3aiU,HT. 

HaHfíoAee pacnpcerpaHenHOH nemerca (MaKca- 
MdAbHaH TOKOB3H 3aiHHTa C OTCeHKOÍÍ, c opraHOM 
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HanpaBAeHHH mohihocth hjih óe3 TaKOBoro. Hhot- 
Aa aa HiHHOcoeAMHHTejibHOM BbiKAiOHaTejie ycTa- 
HaBAimaeTCH h awct a hhhohh a h 3amHTa, bkjik>- 
naeMaa «o ynpomeHHOH txeMe, no3BOJisHomeíi 
dbiCTpo h npocro HaeTpaHBaTb 3aiHHTy Ha 3aAaH- 
Hbie XapaKTepHCTHKH. 

Bhboa odopyAOBaHHsi Hepea ihhh ocoe ah nHTe, ti>- 

Hblfl BblKJHOHaTejIb MOJKCT (SblTb BblABaH aBapHHHOft 
Heo6xOAHMOCTbIO IB JIIO ĎO e BpeMH CyTOK, KO PA a 
cineHHaAbHbiH paSoTHHK no pejieHHoň 3amHTe Ha 
AaHHOH CT3HHHH HJIH nOACTaHHHH OTCJTCTByeT. 

■ B 3THX yCJIOBHHX, KaK yjKC rOBOpHJIOCb, IH3- 
CTpOHKa IH iBKJHOHeHHe 3aiHHTbI HpOH3BOAHTCH «e- 
jKypHbíM incpcoiHaJioM. irio3TOMy onepauHH no «a- 
CTpo&ce i3amiHTbi Ha 3aAaHHbie XapaKTepHCTHKH 
AOAJKHbí SbiTb MaaKCHMajibHO' ynpomeHbi. 0THM 
Tpe6o>3aHHHM AOJUKHa OTBCH3Tb MOHTaJKHaH cxe- 
Má KOManeKTa 3amHTbi Ha ihihh 0c0eAHHHTeAbHo m 
B biKjHonaTejic. ílaHHbie xapaKTepncTHK a jih Kax<- 
Aoto cnynaH aoajkhh dbiib 3a;paHee hoatotobachli 
h nepcoHaji aojdkch i6bnb .totob k hx npaKTHHe- 
CKOMy 'B blilo JI HeHHIO. 

15. CPOKH nJlAHOBblX nPOBEPOK 3AW,HT 

CpOKH HAaHOBblX HpOBepOK l3aiU,HT, Booóuie 
rOBOpa, pa3JIHHHbI a JIH pa3JIHHHbIX THHOB 3aiIXHT H 
3aBHCHT OT HX CJIOJKHOCTH, AO&pOKaHeCTBeHHOCTH 
ainnapaTypbi Ih ycjioBHÍi padoTbi, KaK-To: bo3mo*- 
HOCTH COTpHCeHHH, HaJIHTOH nbIJIH, rpH3H H T. H. 
OAHaKO a JIH iĎOAblUHHCTBa THHOB BaiHHT BHOJIHe 
AOCTaTOHHO 1 HpOBOAHTb 0‘AHy « MaKCHMyM ABe 
npoBepKH b toa: 'OAHy nojiHyio h oAHy nacTHAHyio. 
IIoAHyK) tnjiaHOByio npoBepxy uejiecoo6pa3iHo 
npOBOAHTb OAHOBpeMemiO C BHBOA O M B peBH3HÍO 
HAH B peMOHT OCHOBHOTO Oifíop yA O B a HH H, KOTAa 
nocAeAHee o6cctohh b a ctch Ha cpaBHHTejibHo ajih- 
reAbHbift nepnoA- MacTrnnyio npoBepKy cAeAyer 
npoeoAHTb inpHMepHO b cepeAHHe nepnoAa MejKAy 
oHCpcAHbíMH nojiHbíMH ttiposepKaMH, npHypoHHBaa 
ee HO B03MOJKH0CTH K 'MOMeHTaM, HeHOCpeACTBeHHO 
npeAiuecTByiomHM nepHOAaM ocoóo HanpíoKeHHOii 
paóoTbi cHCTCMbi, HanpKMep, a jih 3amiiT BoaAyui- 
Hbix AHHHň nepeA irpOSOBblM Ce30H0M — BCCHOft, 
a ajih '3amHT reHepaTopoB h jpaHccJiopMaTop' ia 
nepeA oceHHe -bhmhhm m aKCdíMyM om — oceiibio. 

XapaKTepHCTHKH pejie MoryT Hapymaibca nocAe 
CpaiÓaTblBaHHH !3aiH,HTbI npa KOpOTKOM 3aMbIKaHHH 
b ceiM. iC 3 TOÍi tohkh 3peHHa Ka3aAOCb 6bl >Kejia- 
TeAbHblM npOH3BOAHTb HaCTHHHyK) npOBepKV 33- 
iHHTbi noc ji e Ka>KAoro ee cpaĎaTbiBaHim. OA-HaK > 
npH aacTbix npoBepKax 3aui,HTa dbiCTpo «3Hanw- 
Baexca h noaBAaeTca óojibiuaa BepoamocTb, hto 
KaKOH-JBHĎO H3 3JICMeHT0B OKaJKCTCa B HeHoipa?- 
HOM COCT03HHH, OT nO.JOMKH HJIH OT„ AOnyiHeHHOH 
oihh6kh nepcoHaJia upír c6opKe cxeMbi saiuiiTbi. 
Il0 , 3TOMy AOHOAHHTeAbHbie *npOBepKI[ 3aLUHTbI CJie- 
AyeT HpOBOAHTb TOAKO HpH yCAOBHH, 6CAH 3T0 
BbI3bIBaCTCH ACHCTBHTeAbHOH HeO-ÓXOAHMOCTbK). 



Kpoine ■HeriocpeACTBeHHO 3aiunTHoň annapaxypbi 
.spoBepaioTCH nenu m MexannaMbi .oTKjnoqenHH ©bi- 
KjiroaaTejieň. Tanaa npoeepKa b oómeM cjryiae 
npoBO^HTca a o aeTHpěx pa3 © toa, «a CBiinajibHbix 
!i KOHTpOJIbHblX yCTpOHCTBaX, a T3K>Kft 3amHTaX, 
na Koropbix npotf3BOAHTca cpaBHHTejibHO 1 uacTbie 
íi3MeH6HHa x a p áKre p hcth k , .npoBepKa Taxwe aoji- 
*Ha npOH3BOAHTbca čoAee aacxo. C uejibio co- 
6jnoA«H»a onpeAeJieHHoro nopaAKa b inpoBeAeiiíin 

HdlblXaHHH, HaA 30 pa iH ipeKO HCTp yK UHH 3 aiUHTbI B 

naaajie roAa cjiywĎbi 3aiuHTbi cHcxeMbi h OTAejib- 
Hbix npeAxipaaxHň cocTasjíaior roAOBbie njiaHbí n 
■íajieHAapHbie >rpa<f)HKH npoBeAeHHa bxhx páčen. 
roAOBbie njiaHbí yTOHiiaiOTca h KoppeKTHpyioxeH 
KBapxajibHbíMH h MecaaHWMH iiyiaHaMH. 

16. yiET PAEOTbl PEJlEflHOfl 3ALU,HTbI 

3i(J)tj)e'KT(HBHOCXb 'pejieHIIOH 3aiU,HXbI B SHeprOCH- 
nexie onpeAejiaexca c noMOiUbio tohhoto yaexa 
AeftcxBHa acex komiuicktob 3amHibi b pa3jraaHbix 
ycjioBHax. 

/leíicTBHe KaxAoro KOMiuieKxa 3aiunTbi pern- 
cTpapyexca .© iocoóoh Kapře c xapaKxepHCTHKOii 
yCJIOBHH, BbI3Ba'BIUHX 9X0 AeftCXBHe, C OUeHKOH, 
npa©HJibHO hjih neripaBHJibHO 6 bia o axo Aeíio;rBne 
;i x. n. Ecjih 3auiHTa AeňcxByeT HenpaBHJibHo, xo 
pemcTpHpyexca, CKOjibKO KHjioBaxTHacoB moujiiocth 
neAOAaHO ©oTpeČHxeaio e pe3yabraxe nenpaBíHJib- 
Horo AeňciiBHa 3amnxbi. Meca^Hbie h iroAOBbie 
CBOARH, II0Ka3bIBaK>mHe ffipOHBHTHOe COOTHOXUeHHe 
MeXPAy npaBHJIbHblMH H HeTipaBHJIbHblMH AeřfCXBHH- 
mw 3amnTbi, a t3k>kc a6uj.ee kojihicctbo KHJiaBaxx- 
•lacoB H©AoaxnycKa isjíeKxpoaHepníH noxpečHie- 
jihm b peayjibxaxe Henpa©HJibHaro AeftcTBua pejiefi- 
hoh 3amnxbi o-npejejiaiOT ee sKOHOMHiecKyio 
jipípeKTHBnoeTb b Aaimoij aiieprocHcxeMe. Ho noMta- 

MO SKOHOMHqeCKOÍI CTaXHCXHKH meOÓXOAHMO ®6C1H 
xexHHHecKyK) craracraKy cjiyuaeB HenpaBHJibHoíi 
pa6oxw 3aujHTbi c jioApoÓHbfM anajiH30M h, H3yae- 
H«eM Bcex npiwHH, oč yc jiobjih b a ioiuh x neripaBiuib- 
ribie AeflcxBHa 3am«xw. Ha ochobb axoň cTaxH- 
cxhkh H aHajiH3a pa3pa6aTbiBaiOTca h npHHHMaiox- 
ca pemeraa o peKoncxpyKUHH cymecxByiomeH 
3amHibí hjih o 3aMeHe ee ucjihkom Ha čcwiee co- 
BepmeHHyK). 

17. HHCTPyKUHH no 0*BCJiy)KHBAHMO 3AlU,HTbl 

OčecneneHae 6e3ouiH6oaHoro oĎcjiyjKHBaHHa 
aam.HXHbix ycxpoňcxB b ycjiaBHax 9KcnjioaxauHH b 
siíaHHxejibHoři Mepe 33bhcht ox exeneHH noAro- 
voBJíeHHocxH riepconajia h ot Hajimma coox- 
r.excxByiomHX, xapauio pa3pa6oTaHHbix HHcrpyx- 
miii. HonojiHHxejibHaa jíH-cxpyKAHa AOJUKHa ébixb 
KpaxKoij h aexiKOH, «e AonyeiKaiomeH AByx3HaaHoro 
noHHMaHHa yKa3aH©H ajih inpoBeAeHHa cooxBexcx- 
syiomeS onepaunH. CoAepKa«He HHCTpyKUHH pa3- 
jfHaaeTca b !33bhchmocth ot hx Hai3Haae»Ha h xó- 


ro nepcoHajia, AJia Koxoporo ohh npeAHa3Haaaioi- 
ca. HanpwMep, HHCTpyKnna tno oĎcjiyjKHBaHHio aíi- 
HefíHbix aamHx CHCTeMbi, xpeSyionjaH HeKoxapbix 
K3M'e«eH!Hň b cxeMe b a as hch mobth ot 'cxewbi kom- 
MyTanHH ih pe*HMa oncTeMbi, AQJDKHa čbiTb pa3- 
.xmtHofl ajib nepcoiia„xa noAcraHUHH h ajih AHcneT- 
aepa CHCTeMbi. B <J)yHKUHH iiepcoHajia OTAejibHoii 

CT3HHHH HJIH XI0AICT3HHHH He BXOAHT KOHTpOAb 
CXeMbl IKOMiMyT3AHH H peHíHMa paČOTbl Bceň CH¬ 
CTeMbi. IIOQTOMy H3MeHeHHH B CXeMC XOMMyraUHH 
H peXCHMe paĎOTbl CHCTeMbi, .npOH3BOA«Mbie BHe 
npeAeJioB ashhoh CTaHUHH hah ©oACTaHimH, ee 
nepcoHajiy MoryT 6biTb Aaace He H3BecTHbi, b to 
BpeMH KaK C H3MeHftHHCM .CXeMbl H pejKHMa paČOTbl 
Apyrax Hacxeň CHCTeMbi iHeo6xoAHMo 6btBaeT npo- 
H3B0AHTb Te HJIH HHbie H3'MeHeHHH B 3aiu.HTe, ycTa- 
HOBjíeHHOH «a AaHflOift noACTaHHHH. CocTaBjíaTb 
očmwe HHCTpyKUHH, o'AHo©peMeHHo H3jiaraiomHe 
yKaaaHHa h nepconajiy noACTaHUHH h nepcouaay 
CHCTeMbi, Heuejiecoočpa3H0 ‘. 3th HHCTpyKUHH no- 

JiyHHJIHCb 6 bl CJIHimKOM rp 0 M 03 AKHMH JI IHeKOHKpeT- 
HblMH. npH ĎOJIblHOM KOJIHHeCTBe H pa 3 HOo 6 pa 3 ťia 
yCTaHOBJíeHHblX ! B COBpeMeiIHblX C.XO>KHMX CHc rCM aX 
3 aiUHT T 3 KHe HHCTpyKUHH nOiJiyHaiOTCH HeUOCHJIb- 
HbiMH a Ji a onepaTHBHoro Mcnojib 30 BaH«a Hepcoua- 
AOM H inpHBOAHT IK OlUHČKaM. |Tl 09 T 0 My HHCTpyKUHH 
AOAJKHbí p asp ač arbiBaTbc a OTAejibHO AAa pa 3 jwi L i- 
iioro nepconajia npHMeHHTejibHO k Kpyry ero 
o 6 a 3 aHHocTeň. UeKCT HHCTpyKUHH BecbMa tueAeco- 
očpa 3 «o AonojiHHTb rpaKfwpiecKHM MaiepHaAOM. 
KOTopbiň jierae BanoMHHaexca 3 pHTejibno h homo- 
raeT nepconajiy BbmoAHaib h KOHTpojiupoBaib 
npaBHJibHocxb npaBOAHMbix :hm ouepauHň. B txa- 
uecTBe npHMepa Ha ^nr. XIV, 30 npHBeAeHbí 
rpaiJiHHecKHe yKasaraa AOKypnoMy AHoneTuepy no 
OČCJiyjKHBaHHIO 3 amHTbI JIHHHH, COeAHHaiOmHX 
CT 3 HUHK) c noACTaHUHeň CHCTeMbi. Ha rpa^mne 
npHseAenbi ©o 3 M 0 }KHbie BapHaHTbi KOMMynaumi 
chjioboto očopyAOBaHHa h AaHbí yKa 3 aHHa ©6 
H 3 M&HeHHaX Ha 3 amHTaX, KOTOpbie HeOĎXOAHMO 
BbinojiHHTb npHMeHHTeAbHo k Ka>KAOMy ©apnaHTy 
cxeMbi h pe>KHMa pačoTbi chjioboto oSopyAOBamia. 
noAočiibie jrpaujjHHecKHe AonojiHeHHa k TeKCTy hh- 
crpyKuHH b ©HauHTejibHOH Mepe očjiemaiOT nepco- 
iiajiy čeaoufHČOHiHoe npoBeAeHHe HeočxoAHMHX 
onepauHH npH očcjiy>KHBaHHH 3 amuTbi b ycjiOBHax 
9KcnjioaTauHH. 

18. TEXHHHECKAJÍ ^OKyMEHTAUHJl no 3A1UHTE 

Hajimme h cocToaHHe TexHHuecKoň AOKyMeHTa- 
Uhhi HMeiOT -BecbMa ©auínoe 3 HaHeiiHe b Aejie 
očeoneqeHHa česaBapHHnoro očcjiyueHBaHHa pe- 
JieĚHoá ©aiUHTbi. yuHTbiBaa ocoóyio OTBeTCTBen- 
HOCTb ipejieňHoň 3 amHTbi, BonpocaM cocToaHHa 
TexHHuecKofi aoK y m e ht a uhh cjieAyeT yxeJiaTb nep- 
BocTene»Hoe BHHMaHHe. 

MecTHan AOKyp/ieHTauna. /Ijih KajKAoro 3amn* 
maeMoro očneKTa aojihího čbiTb 3aBeAeHo oneun- 
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Our. XIV,30. yKa3aHHfl no očcJiyatMBaHHio 3 am,HT 
c noMombio rpa(j)HKa. 

ajlbHOe AeJIO, B KOTOpOM AOJI5KHM XpaHHTbCH BC6 
TexHHnecKHe MaTepHaJibi, othochluhcch k samirraM 
saHHoro ©6-bexTa. B AeJie iHojukhm xpaHHTbca cxe¬ 
Mbi 3amHT, pacneTbi napaMeTpoB 3 aAaHHbix xapax- 
TepacTHK, nacnopTa h npoTOKOJibi HcnbrraHHfi ot- 
aejibHbix pejie h H3MepHTeAbHbix TpaHciJiopMaTopoB, 
nporoKojibi oaepeAHbix iuiaHOBbix a nocjieaBapHfi- 
Hbix npoBepoK 3amHTbi, rpacj)HKH xapaxTepHCTHX, 
cxeMbi npHCoeAHHeHHa k TpaHC(J)opMaTopaM Toxa 
h Hanpa>xeHHa, cxeMbi. naraHaa h KOHTpojia ueneň 
nocToaHHoro roxa h t. n. ripHHUHnHaJibHue h moh- 
TaxsHO-HcnojiHHtejibHbie cxeMbi aoajkhh tohho co- 


OTBe-rcTBOBaTb AefiCTSHTejibHOMy HcnojiHeHHio sa- 
uiHTbi Ha MecTe. 

HOMHMO HOJIHblX H ACTaAbHblX ICXeM BKJHOae- 
hhh KaacAora iKOMnaeKTa 3aimm>i ®jia cjiohíhhx 
thbob 3amHT BecbMa neAecoo6pa3HO HMeTb yn- 
pomeHHbie cxeMbi, inanpHMep, oTAejibHyio cxevy 
TOKOBbix uenefl, OTAeAbHyio cxeMy uenen Hanpa- 
>KeHHH, nocToaHHoro Toxa h t. n. Taxne ynpomeii- 
Hbie cxeMbi oójieraaiOT npoBeAeHHe npoBepox 3a- 
ÍJ.IHT B SXCnJIOaTaiIHOHHblX yCJIOBHaX. 

Ocoóoe BHHMaHHe HeoěxoAHMO y^ejiaTb TeM 
MecTaM, r^e oňbeAHnasoTca ©TopHHHbie u.enn 
HeCXOJIbXHX 3amHTHbIX yCTpoňcTB M XOHTpOJIbHO- 
H3MepHTejlbHbIX HpHňopOB. iK TaXHM MecTaM OTHO- 
caTca .xjieMMHbre cfiopxH Ha mHTe ynpaBJíeHiia, 
KJieMMHbie Kopooxil BblBOAOB BTOpHHHbIX O 6 MOTOR 
OT TpaHC(J)OpMaTOpOB TOXa H T. n. npH HajIHHHH 
noAOÓHbix cxeM ajih Bcex ycTpoňCTB pa3Ďop cxeM 
coeAHHeHHa h ošcAyjxnBaHHe 3amHTbi b ycAOBHH.x 
RKcnjioaTau,HH 3Haqjťre,/íbiio oĎAeraaiOTca. 

CHCTeMiiaa AoxyMeHTauHa. Homhmo cxeM, xa- 
paxrepHCTiHK h ipacneTOB napaMeTpoB ajih «axcAoro 
xoMHAexxa 3amHTbi ib OTAeAbHocrn HeoéxoAHMp 
HMeTb 'xapaxTepHCTHXH h pacqeTbi ceAexTHBHocTH 
3amHT, ycTaiíOBjíeHHbix Ha cMexcHbix ynacmax 
CHCTeMbl. 

Taxne rpa<t>HXM h ipacuerbi xapaxTepHCTH k 
AOAJXH bl HMeTbCH B CJiyHíSe 3aiIUITbI XaJKAOH 
CTaHU.HH u ixaxAoro ceTeBoro paiioHa. 

B ueHTpaAbHoň CAyxróe aauiHTbi cHCTeMM rpa- 
4 >hkh x a p a KTep h cthk h pacuerbi cejiexTHBHOďu 
AOJDKHbl HMeTbCH [AAH ‘BCeíí CHCT0MbI B mejioM. He- 
oSxoahmo HMeTb b BHAy, uto rpacjmxH xapaxTepu- 
CTHK ICeAeXTHBHOCTH A JIH BCeX 'XO MHA 6XTOB 3amHTbl 
CAOQXHOH CHCTeMbl HO.JiyqaiOTCH CAHIIÍXPM rpOMOSA- 

khmh. Taxne rpac})HKH HeeóxoAHMbi ajih pacueTa i 
aHa.iH3a cejiexraBHOcTH; ajih onepaTHBHoro *e 
peiueHHH toonpocoB ohh hbahiotch icahihkom cjiohc- 
HbTMH. HoQTOMy AJIH 'HaTAHAHOCTH H inpOCTOTbl 
nojibSOBaHHH inpn pemeHHH onepaTHBHbix iBonpocoB 
uejiecoefipaaHO HMeTb tynpomeHHbie IrpacjiHKH ce- 
AexTHBHOCTH, Ha3biBaeMbie xapTaMH ycTaHOBox hah 
XapT3MH CeAeXTHBHOCTH 3am,HTbI. 

yxa3aHHH o napaMeTpax 3amHTbi b xapTax 
ycTaHOBox Moiryr 6brrb íhah ACTajibHbie hah, iHaoóo- 
poT, 6oAee ynpeme»Hbie, © ©aBacHMocTH ot HaaHa- 
ueHHH. IloAočHbie Kapra ycTaHOBox nosBOAfliOT 
Aerxo h HarAHAHo opHeHTHpoBaTbCH npn oneparaB- 
HOM pemeHHH! ©OnpOOOB, CBH33HHbIX C H3MeHeHHeM 
3amHT © AeHCTByx>iii,efi CHCTeMe. Bonee noApoĎHbie 
oSocHOBanHH ixajxiAoro .napaMerpa 3ainHTbi aom- 
JKHbl IĎbITb COCpeAOTOHeHbl B npHJIOJXeHHHX, XOTO- 
pblMH HpH HeOĎXOAHMOCTH iBCeTAB 'MOJXHO BOCnOAb- 
BOBaTbCH. 

19. OPrAHH3AU,HJI JIABOPATOPHB 

•PejieňHan annapaTypa othochtch k THny anna- 
paTO© tothoS jsAexrpoMexaHHxa. OTTosTOMy ©pra- 
HH3anHH oĎCAyjxHB 3hhh ipeAeŘHOH annapaTypu 
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iieMbicjiHMa 6e3 najimiin cooTBeTCTByiomHx pejiefi- 
ííbix JiaSopaTopHH. Ha iKajKAoň 3 ji eKrp ocr aimiHH 
oSbiiHo HMeercH ajieKTporexHHHecKaa JiaSopaTo- 
pHH, IB BOTOpOH « inpOH3BOAHTCH BCe HCnbITaHHH 
h TipoBepKH pejieňHoň aimapaTypw. Oah 3 Ko na 
mhothx noa,CTanii,HHx, a KHor^a Aa*e b uejibix 
ceieBbix paHOHax Tanae JiadopaTopHH oTcyTCTByiOT. 
B 3thx cjiyaaax pejieřiHaa annapaTypa ajih Hcnw- 
TaHHB hjih 'npoBepKH HanpaBJíaeTca b paftoHHyio 
min neiiTp ajibnyK) JiaSopaTopmo, reorpax|)HH6CKH 
MacTo BecbMa yAaaeHHyio ot MecTa ycraHOBKH pejie. 
rTocjie npoBepKH h HacrpoňKH b jiašoparopHH pejie 


Ha o6a3a«H0CTK ueHTpajibHoň jia6opaTopnn 
B 03 ji araioTCa TtwibKO TwnoBbie HcnwTaHHa icjiohíhhx 
pejie h icxeM Baiumbi, pa3pa>6oTKa peKOHCTpyKUHH 
cymecTByiomHX thtiob 3amHT HccjieAOBaHHa h hc- 
nbiTanHH hobhx thiiob 3ain,HT b ycjiOBHHX SKcnjioa- 
TauHH Ha MecTax. KpoMe Toro Ha o6a3aHHOCTH 
UeHTpajIbHOH JiafíopaTOpHH AOJIJKeH fíbITb HHCTpyK- 
T35K IH KOHTpCWIb i3a paĎOTOH MeCTHblX JiaSopaTO- 
pMH M H&HT.paJIbHblX peMOHTHbIX MacTepcKHX. Pe- 
MOHTHbie iMaCTepCKHe lHOJUKHbl ÓbITb OpraHH30B3HoI 
npH KajKAoň jia'6opaTopHH. Ha hx 'o6a3aHHocra 
AOjixcHa JieacaTb inepHOAHaecKaa peBH3Ha h pe- 



<I>Hr. X1V.31. CxeMa opraHH 3 auHOHHoft CTpyKty pw cayatóu peaeiiHoft aaiiiHTU aneproCHCTeMbi. 


CHOBa B03BpaiU,aiOTCH Ha MeCTO yCT3HOBKH, noA- 
Bepraacb Ha cBoeM nyTH pa3jiHHHbiM cjiyqaímocTHM. 
EcrecTBeHHO, inocjie AajibHeň nepeB03KM peae 
Hejib3H irapaHTHpoBaTb ero inoAHyio HcnpaBHocTb u, 
c.neAOBaTe.Jibno, HaAOKnocrb np« ycTaHOBKe b skc- 
iuioaTaiuHio. y^TbiBaa onBeTCTBeHHOCTb peAeHHoii 
3aUIHTbI, TaKOH OnOCo6 InpOBepKH H HaCTpOÍÍKH 
pejie cjieAyeT npH3HaTb weAonycTH mhm . Ha Kawí- 
AOM H3 KpyHHblX InOACTaHHHH iHeOÓXOAHMO HMeTb 
bbok) peJieHHO-H3MepHrrejibHyio jiaSopaTopnio, a na 
6cviee MejrwHX inoACTa«HHHx—ApocTbie HcnbiTa- 
TejIbHbie 'CTeHAbl- 

B AtmoAHeHHe k sTouay b ceTeBbix paňoHax 
AojDKHbí lóbiTb opraHHi30iBa‘Hbi tnepeABHiJKHbie pejieň- 
Ho-H3MepHTeAbHHe AaĎopaTopHH Ha cneimajibHO 
o6opyAOBaHHbix aBTOMauiHHax, c noMouibio <koto- 
pux mojkho dbuio 6bi Jierco nepeópacbiBaTb jia6o- 
paTopHio Ha <c o otb eTCTByroiAHe noACTaniiHK a Ji a 
npoBeAeHHH npoBepKH 3amHTbi. 
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moht cymecTByiomHX THnoB 3aui<HTHOH annapaTypb! 
h H'3'roroBjieHiie HOBbix THnoB pejie h HcnbiTarejib- 
Hbrx ycTaHOBOK no 3aiAaHHHM jiafíopaTopHH. 

20. OPrAHH3AU,HOHHA5l CTPyKTyPA CJiy)KEbI 
3AIU,H1bI SHEPrOCHCTEMbl 

Op r aHH'3 au;H o hh a a crpyKTypa cayaróbi 3amHTbi 
3 ne pr oc«cTe m bi 3aB9tcHT ot MaoiiíraĎa a cao- 
whocth! i3HeprocHCTeMbi, a raxwe ot CTpyicrypbi 
aAMHHHCTpaTHBHo-xaaaiíCTBeHHoro ynpaBjíeHHa ch- 
CTeMbi. OAHaKO, BoajTaraa Ha cayacčy 3amHTbi 3a- 
ABTH TOJIbKO T eXHHHBCKOH OpraHH3aUHlH H IKOHTpOJia 
sa paóoToň peaeňHoň 3am,HTbi, HaHÓoaee ueaeco- 
o6pa3Hoň opraHH3auHOHHOH CTpyKTypoň cjiy*6b! 
3auuiTbi 3HeprocHCTeMbi cA©AyeT inpH3HaTb cxeMy, 
noKa3aHHyio Ha (J)Hr. XIV, 31. 

UeHTpajibHaa CAyxíSa peAeňHofi 3amHTbi ohctc- 
Mbi naxoAHTca b HenocpeACTBeHHOM noAHHHeHHH 



iviaBHOMy HHweHepy CHCTeMbi. Ha KancAOM npeA- 
npHHTHH CHCTeMbi (na cTaHUHM, B ynpaBjíeHHH ce- 
tch hjih ib ceTeBOM panone) HMeeicíi MecTnan 
cjiyasóa 3amHTbi, oĎcjiyxcHBaiomaH 3amHTbi, ycra- 
HOBjíeHHbie Ha ©SopyAOiBaHHfH, n oab©aomctb e»Ho m 
AaHHOMy npeAnpHHTHK). 

B aAMHHHCTp 3THBHOM OTHOIIieHHH KaHCAaH IMCCT- 
HaH cjiywóa 3amHTbi HOAHHHeHa HenocpeACTBeHHo 
rjiaBHOMy «H*eHepy um HanajibHHKy ajieKTpouexa 
cooTBexcTByiomeH 'CTaiíiiHH, cereBoro paiioHa hjih 
ynpaBjíeHHH ceieft. OcHOBHbie m eponpn hthh, «aMe- 
naeMbie HeHrpajibHoS cjiyxóoŘ 3amHTbi CHCTeMbi, 
yTBep>KAaioTCH h uipoboahtch b jKMBHb Ha npeA- 
npHHTHHx paonopHDKeHHeM rjiaBHoro HHHceHepa 
CHCTeMbi Hepe3 rjiaBHblX BHHCeHepOB COOTBeTCTByiO- 
iuhx npeAnpHHTHH. 

HeHTpajibHaa cjiyxcSa 3amHTbi cMCTeMbi BeneT 
TeXHHHBCKOe pyKOBOiACTBO H KŮHTpOJIb 33 paSOTOÍl 
mccthhx cjiyiK'6 3amHTbi nepe3 rjiaBHbix HHxeHe- 
POB HJIH HaaajIbHHKOB SJíeKTpOUeXOB €00TBCTCTByK)- 
iahx npeAnpHHTHH, oTHHTbiBaHCb o csoeň Aen- 
rejibHOCTH H o pe3yjibT3Tax paóoTbi Mecrabix 
cjiy>K6 3ain,HTbi nepeA rjiaBHWM HUJKenepoM ch- 
CTeMbl. 

UeHTpajibHaa cJiyacSa 3am«Tbi CHCTeMbi BeAer 
TexHHnecKoe pyxoBOACTBO paéoTaMH neHtpajibHoň 


naóopaTopHH pejieŽHOH 3amnTbi CHCTeMbi (HaHÓo- 
jiee npaBHjibHo, «iTo6bi ueHTpanbHaa jia6opaTopHH 
HenocpeACTBeHHo noAHHHHJiacb ueHTpajibHOH cjiyw- 
6e3aiUHTbl) HrpyiIHIOH UpOeKTHpOBaHHíI 3 aiU,HTbI HO- 
bhx oĎBeKTOB nyTeM corjiacoBaHHít h yTBepxcACHHH 
peayjibTaTOB HccjieAOBaHHň h hobwx npoeKroB. 

HeHTpajibHan cjiyxcóa 3amHTbi CHCTeMbi HMeeT 
onepaTHiBjíyio cB»3b c AKcnemepoKoá nacrbio h 
cJiywSoň pejKHMOB CHCTeMbi HpH pemeHHH cjiohc- 
HblX BOnpOCOB ©6 H3MeHeHHH CXeMbl KOMMyraHHH 
h peniH^ia paSoThi CHCTeMbi. rpyinna pacneTOB >ch- 
CTeMbi oScJiyxíHBaeT ncHTpajibnyio cjiyxíťJy 3aiuHTbi 
HeoÓXOAHMblMH paCHeTaMH, npOBOAHMblMH Ha pa- 
CneTHblX MOACAHX. 

Kpowe toto c memtpajibHOH cjiyjKĎoíí 3 amHra 
COTAaCOBblBaiOTCH M CXeMbl TiepeneKTHBHOrO pa3- 
BHTHH CHCTeMbi, C T6M MTOÓbl HpH pemeHHH BOTipO- 
COB 06 H 3 Me»eHHH HJIH p 33 BHTHH KOHCjMiiyp HIXHH 
cera óbijiH yqTeHbí ycjioBHH ibo3mo*hocth oéecne- 
neHHH iHaAencířoS 3amHTbi, «aK hobhx coopyweHHH, 

TaK H CHCTeMbi B UCJIOM. 

Tlpn HajiwHHH neTKofl b 3 au mocbhbh MencAy (Bce- 
mh OTAeAaMH h rpynnaMH ytnpaBjíeHHH ^Heprocn- 
CTOMbl, nOK33aHHbIMH Ha ^HT. XIV, 31, yCJIOBHH 
AJiH npaBHjibHoíi opraiai3anHH SKcnnoaTanHH 3a- 
tiiíiibi ©o B'Cex ee BBeHbHx 6yAyr oSecneneiibi. 
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ripHMeiieHH-e OjioxHpyiomHx pejie. 
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jiH<J)epeHUHaJibHbix 3amnT. 
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..209 

12. Cnoeo6bi 3a3eMJiehHH KyjieBbix ToneK.271 

13. Hcnojib30Barrae AH<í>epeHnHajibHOH[ 3amiiTbí xax 3a- • 

mHTbl OT OAH04>a3HbIX 3aMUKaHHH Ha 3eMJIíO . . . 273 
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COJieHOHA BKJlIOqeHHH 

aBT. 

419 JieBwfi 

9 CHH3y 

3amnTu 3 

3amHTbl COOTBeTCTBeHHO 1—2 HJIH 3 

0 

420 JieBbiň 

7 CBepxy 

BblKJIIOHaTejIH 3aMeHH6TCH 

BMKJIIOHaTeJIH HJIH 3aMeHfleTCH 

KOpp. 


OcHOBbi TexHHKH peJiefiHoň 3amHTU. 













































































